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APPENDIX B. 
ANNUAL REPORT OF THE JOINT LIBRARY COMMITTEE, 1944. 


The inconveniences caused by long-range aerial attacks had no adverse effect on the use of the Library, 
for every activity again shows a marked increase. There were 1,095 more attendances by readers than 
in 1943, and books bérrowed increased by 761, postal loans accounting for 263 of this increase. 

‘Telephone enquiries numbered 1,527, an increase of 110 on the previous year, whilst photostat copying 
again showed a considerable expansion, 3,687 pages being copied, against 2,873 last year. To this must 
be added 138 pages which were microfilmed, and from which a positive roll enlargement was supplied. 

Additions to the Library consisted of 213 books, of which 42 were presented, 455 volumes of periodicals, 
and 146 pamphlets. The Library now contains 46,273 volumes, of which 13,809 are books and 32,464 
volumes of periodicals. 


Analysis. 
Attendances.. Books borrowed. Books added. Volumes of periodicals, Pamphlets. 
ee ee 7787 7585 (3094 by post) 219 455 146 
Pere re 6692 6824 (2831 by post) ~ 138 334 ' 236 


The Committee desires to express its thanks to all donors of newly published books, and also to those 
whose gifts of early volumes have enriched the Society’s historical collection. 

Several important journals, published in enemy and occupied territory and reproduced by the photo- 
offset process in the United States of America, have been acquired and have been of considerable use to . 
readers; microfilms of the “‘ Berichte ’’ and “‘ Liebig’s Annalen ” have been frequently consulted in the 
Library, as several of these volumes are not obtainable in any other form. 

The direct importation of American books has continued satisfactorily, and enabled readers to gain 
prompt access to many important works. ‘ 

A further service to readers has been instituted in the issue by the Librarian of vouchers enabling them 
to borrow volumes from the Science Library. ae 

Members of ten Constituent and Contributing Bodies now use the Library. This number includes 
the British Association of Chemists to whose members facilities have recently been granted for a provisional 
period of one year. . 

The increase in attendances previously referred to has presented serious problems in accommodating 
readersin comfort. This has been particularly so on Saturday mornings when, during the three hours the 
Library is open, as many as 35 readers have attended. The maximum number which can be seated to 
work in comfort is 9, and often it has been necessary to seat 13, whilst others have been compelled to 
stand. That the Library is still so extensively used, despite all the inconveniences, which include climbing 
67 stairs to an overcrowded reading-room, with only a small proportion of the books accessible to readers, 
stresses the vital importance of the Library. It also serves to indicate what a great service to chemistry 
could be rendered by the Library were it housed in adequate premises. 





APPENDIX C. 
LECTURES, ETC., HELD DURING 1944. 


Given in London. 


20th January, Tilden Lecture, ‘‘ The Scope and Limitations of Infra-red Measurements in Chemistry,” 
by Dr. H. W. Thompson; 17th February. Lecture, ‘‘ Chemotherapy in Tropical Medicine,’ by Dr. 
A. J. Ewins; 16th March, Ninth Pedler Lecture, ‘‘ Newer Knowledge of the Biochemistry of the Thyroid 
Gland,’”’ by Dr. C. R. Harington; 18th May, Tilden Lecture, ‘‘ Some Aspects of the Organic Chemistry 
of Phosphorus and Arsenic,”’ by Dr. F.G. Mann; 19th October, Tilden Lecture, ‘‘ Non-benzenoid Aromatic 
Hydrocarbons,”’ by Professor Wilson Baker; 16th November, Meeting for reading papers. 


Given outside London. 


Bristol. 13th January, lecture, ‘‘ Post-War Coal Processing,’’ by Mr. G. M. Gill and Mr. J. Roberts; 
4th February, lecture, “‘ The Thermal Reactions of the Paraffins,’’ by Dr. C. E. H. Bawn; 16th March, 
lecture, ‘‘ Chemotherapy,” by Mr. L. E. H. Whitby; 5th October, lecture, ‘“‘ Microchemistry,’”’ by Dr. 
J. K. N. Jones; 2nd November, lecture, ‘‘ Effects of Pollution on Deposits in the Mersey pstuary.” Wy 
Mr. B. A. Southgate; 7th December, lecture, ‘‘ Ion Exchangers applied to Water Treatment,’’ by Mr. 
M. R. T. Pemberton. These were joint meetings with the Royal Institute of Chemistry and the Society 
of Chemical Industry, and were held at the University. 

BB 
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Edinburgh. 11th February, at the University, lecture, ‘‘ Molecular Regimentation in Solid and 
Liquid,’ by Professor G. M. Bennett; 7th October, at the University (joint meeting with the Edinburgh 
University Chemical Society, the Royal Institute of Chemistry, and the Society of Chemical Industry) 
lecture, ‘‘ Some Aspects of Steroid Metabolism,’’ by Professor G. F. Marrian. 

Glasgow. 18th Februaty; at the Royal Technical College, Tilden Lecture, ‘‘ The Scope and Limitations 
of Infra-red Measurements in Chemistry,’’ by Dr. H. W. Thompson, preceded by the annual general 
meeting of local Fellows; 17th November, at the Royal Technical College, lecture, “‘ The Value of the 
Resonance Concept in Chemistry,” by Mr. R. P. Bell; 27th November, at the Royal Technical College 
(joint meeting with the Glasgow University Alchemists Club and the Andersonian Chemical Society) 
lecture, ‘‘ Some Recent Studies in Diazo-Chemistry,’’ by Dr. H. H. Hodgson. 

Leeds. 2nd March, at the University (Official Meeting of the Society and joint meeting with the 
Leeds University Chemical Society), discussion on “‘ The Mechanism of Oxidation-Reduction Reactions,” 
opened by. Professor H. S. Raper, Professor M. G. Evans, and Dr. W. A. Waters; 9th October, at the 
University, lecture, ‘‘ Some Trends in Chemical Spectroscopy and the Study of Large Molecules,” by 
Dr. H. W. Thompson. 

Liverpool. 13th January, at the University (joint meeting with the Royal Institute of Chemistry, 
the Society of Chemical Industry and the British Association of Chemists), lecture, “‘ The ‘ Reactivity’ 
of Organic Compounds,”’ by Professor E. D. Hughes; 15th September, at the University (joint meeting 
with the British Association of Chemists), Jecture, ‘‘ Corrosion of Metals in Chemical Plant,’’ by Dr. S. J. 
Kennett; 12th October, at the University (joint meeting with the Royal Institute of Chefnistry), lecture, 
- ‘* Sulphur Dioxide-Retrospect and Prospect,’’ by Mr. G. Brearley. 

Manchester. 20th January, at the Engineers’ Club (joint meeting with the Royal Institute of 
Chemistry), lecture, ‘‘ Pyrethrum and the Pyrethrins,” by Dr. A. E. Gillam; 29th February, at the. 
University, meeting for the reading of papers; 24th March, at the University, Ninth Pedler Lecture, 
‘“‘ Newer Knowledge of the Biochemistry of the Thyroid Gland,” by Dr. C. R. Harington; 29th Sep- 
tember, at the College of Technology (joint meeting with the Royal Institute of Chemistry), Exhibition 
of Scientific Films; 8th November, at the University (joint meeting with the Manchester Unversity 
Chemical Society,'and the Royal Institute of Chemistry), /ecture, ‘‘ Chemistry in Relation to National 
Prosperity,” by Professor I. M. Heilbron; 19th December, in the Central Library Lecture Hall, first 
Dalton lecture, ‘‘ Chemistry and Clothing,’ ‘by Dr. D. Clibbens (joint meeting with the Royal Institute 
of Chemistry). 

Newcastle and Durham. 17th March; at King’s College (Official Meeting of the Society), Tilden 
Lecture, ‘‘ Some Aspects of the Organic Chemistry of Phosphorus and Arsenic,”’ by Dr. F. G. Mann. 

North Wales. 11th February, at University College, Bangor (joint meetings with the University 
College, Bangor, Chemical Society), ‘‘ Substitution,’’ by Professor C. K. Ingold; 16th November, lecture, 
“‘ Oxidation of Phenols,’’ by Professor R. D. Haworth. 

Nottingham. 28th March, at University College, lecture, ‘‘ Some Aspects of the Organic Chemistry 
of Phosphorus and Arsenic,”” by Dr. F. G. Mann; 20th November, at University College, lecture, ‘‘ The 
Usefulness of the Concept of Resonance in Chemistry,”’ by Mr. R. P. Bell. 

Sheffield. 11th February, at the University, lecture, “‘ The Synthesis of Chemotherapeutic Agents,” 
by Mr. S. Ellingworth; 12th May, at the University (Official Meeting of the Society), lecture, ‘“‘ Carbo- 
hydrates Containing Nitrogen and Other Elements,” by Professor W. N. Haworth; 1st September, at 
the University (joint meeting with the University Chemical Society), lecture, ‘“ The Chemistry of Glass 
Formation,’ by Professor W. E. S. Turner; 10th November, at the University (joint meeting with the 
University Chemical Society), lecture, ‘‘ Co-ordination Compounds,”’ by Professor W. Wardlaw. 

South Wales. 21st January, at Technical College, Cardiff (joint meeting with the Cardiff Technical 
College Chemical Society), lecture, “‘ Chemical Reactivity,” ‘by Professor E. D. Hughes, also given on 
22nd January at University College, Swansea (joint meeting with the University College Students Chemical 
Society); 12th February, at University College, Cardiff (joint meeting with the Royal Institute of 
Chemistry), lecture, “‘ The Study of Reaction Mechanism,’ by Dr. H. B. Watson; 3rd March, at Uni- 
versity College, Cardiff (joint meeting with the Royal Institute of Chemistry and the Society of Chemical 
Industry), lecture, ‘‘ Enzymes and Vitamins,’’ by Professor A. R. Todd. 

Eire. 23rd February, at University College, Dublin (joint meeting with the Royal Institute of, 
Chemistry), lecture ‘‘ Monomolecular Films,’”’ by Dr. V. E. J. Davidson. 


, 
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85. <A Novel Pyrimidine Synthesis. Part I. 4-Amino-5-phenylpyrimidine. 
By W. H. Daviss and H. A. Piccortrt. 


Phenylacetonitrile, heated at 180° with formamide in a stream of ammonia under distillation conditions, 
gives 4-amino-5-phenylpyrimidine and a trace of a-iminomethylphenylacetonitrile.: The structure of these 
compounds is proved by de tion, and the second compound also prepared by heating a-formylphenylaceto- 
nitrile with ammonia. a-Formyl-, a-acetyl-, a-iminomethyl-, and a-phenyliminomethyl-phenylacetonitriles 
with formamide give the same pyrimidine. Certain derivatives of 4-substituted 5-phenylpyrimidines are 

repared. 
. "Piteinets to carry out similar reactions with other amides were unsuccessful. 


In studying the mechanism of the reaction of $-benzoyl-«-phenylpropionitrile (Ph-CO-CH,-CHPh-CN) with 
formamide to give a formylated 5-amino-2 : 4-diphenylpyrrole (Davies and Rogers, J., 1944, 126), it was 
necessary to investigate the reaction of formamide with nitriles. As a model experiment, therefore, form- 
amide was refluxed with phenylacetonitrile. The reaction took a totally different course from that with the 
keto-nitrile and, apart from recovered material, phenylacetamide and two oxygen-free compounds, a base, 
CyH,N; (obtained in less than 10% yield), and a neutral product, C,H,N, (isolated in traces), were obtained. 
The present paper deals with the investigation of these two products. 

It was noticed that the reaction mixture became acid during the heating and that the phenylacetamide 
arose from the reaction of the nitrile with water formed-during the main condensation. The reaction con- 
ditions were therefore modified so that phenylacetonitrile and formamide were heated at 180° iri a stream of 
ammonia gas under such conditions that any water formed could distil off. With this technique, phenyl- 
acetamide was not formed and the yield of the base (C,,H,N;), isolated by extraction with acid, was raised 
to 56% (66% after allowance for recovered nitrile), though the neutral product (C,H,N,) was still obtained 
only in traces. Modification of the reaction conditions by varying the relative amounts of the reagents and ° 
the temperature did not improve the yields, and the use of sodium methoxide or hydrochloric acid as 
condensing agent at room temperature gave no trace of either of the products. 

The compound C,,H,N, was a weak base, soluble in dilute acetic acid but giving indefinite end-points to 
various indicators on titration with hydrochloric acid. It was stable to nitrous acid, concentrated alkalis, 
and dilute mineral acids; it decolorised both bromine and permanganate. It could be distilled at ordinary 
pressures, and its stability and low b. p. (332°) compared with its m. p. (153°) suggested a cyclic structure. 
It may be formed by the reaction CH,Ph-CN + H-CO-NH, —> C,,H,N; + 2H,0O, and from the method of 
formation, the most likely structure was considered to be 4-amino-5-phenylpyrimidine (I). The isomeric 
2-benzyl-1 : 3: 5-triazine * was excluded when it was found that the base was not oxidised by selenium 
dioxide and that it formed a monomethiodide and a monoacetyl derivative. Prolonged treatment of the 
base with concentrated hydrochloric acid gave an amphoteric product, C,,H,ON, (II), with the general 
properties of a hydroxypyrimidine. Treatment of (II) with phosphorus oxychloride (but not with thionyl 
chloride) gave a chloro-compound, C, sH,N,Cl (III), which with alcoholic ammonia regenerated the original 
base, C,,H,N;. It therefore follows that the main structure is‘not affected by heating with strong acid 
and that the following reactions are involved : C,,H,;N,*-NH, ——> C,,H,N,-OH —> C,,H-,N,Cl. 

Attempts to reduce the chloro-compound with zinc in aqueous sodium phosphate (cf. Amer. Cyanamid 
Co., U.S.P. 2,242,079) were unsuccessful. Hydrogenation with 1:2% palladium on calcium carbonate as 
catalyst removed the chlorine and also caused further reduction. Although it is difficult to be certain of the 
hydrogen uptake because of the formation of carbon dioxide during the reduction, the product is believed 
to be a tetrahydro-derivative, C,9H,,N, (IV), though the possibility of the phenyl group being reduced to 
cyclohexyl cannot be excluded (cf. Folkers and Johnson, J. Amer. Chem. Soc., 1933, 55, 1140). The reduced 
product could not be purified, but gave a picrate CygH,,N,,C,H;O,N; (?), m. p. 201—202°, identical with that 
obtained by a similar series of reactions from synthetic 2 : 4-dihydroxy-5-phenylpyrimidine (V), and thus 
substantiating the pyrimidine structure of the original base (I). 

This proof was not entirely satisfactory because the structure of the reduced base (IV) was not known with 
certainty. An alternative degradation was based on Johnson’s observation (J. Amer. Chem. Soc., 1916, 38, 
1385, 1855) that some pyrimidines on treatment with sodium and alcohol are reduced to hexahydropyrimidines, 
which with water are hydrolysed to an aldehyde and an ay-diaminopropane. Reduction of the parent base 
(C,sH,N;) in this way gave ammonia as the only identified product, but the corresponding hydroxy-derivative 
(C,,H,ON,) (II) gave a base (VII) from which a dipicrate and a dibenzoyl derivative were prepared. These 
appeared to be derivatives of ay-diamino-f-phenylpropane previously prepared by Jackson and Kenner (J., 
1928, 1657), though the picrate was a monohydrate of that reported by these workers. Unfortunately, no 
samples of the authentic derivatives were available for mixed m. p.’s. 

It is therefore established that the base C,,H,N, is an amino-derivative of 5-phenylpyrimidine. As the 

* Since this work was completed, two papers by Novelli have appeared (Anal. Asoc. Quim. Argentina, 1943, 31, 
23, 93). By heating phenylacetonitrile with formamide at 175—210° and working up the products by steam 
distillation, he obtained phenylacetamide d a monoacid base C,H,N; m. p. 155—156° [methiodide, 
CisH,N;,CH,1,H,O, m. p. 172° (softening at 158°)]. As the base did not react with nitrous acid and he was unable 
to acetylate it, Novelli postulated that it was tertiary and thus, from its mode of preparation, 2-benzyl-1 : 3 : 5-triazine. 
The only degradation work reported was oxidation of the base with alkaline permanganate to give benzoic acid. There 
seems no doubt that the base reported by Novelli is identical with ours. 
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*synthesis from phenylacetonitrile and formamide cannot give a 2-aminopyrimidine, and moreover the derived 
hydroxypyrimidine (II) differs from the known 2-hydroxy-5-phenylpyrimidine (Rupe and Huber, Helv. Chim, 
Acta, 1927, 10, 846), the base C,,H,N, must be 4-amino-5-phenylpyrimidine (I). 

Before these degradation experiments, unsuccessful attempts were made to prepare 4-hydroxy- and 
4-amino-5-phenylpyrimidine from ethyl «-formylphenylacetate and «-formylphenylacetonitrile, respectively, 
As was expected from Pinner’s work (‘‘ Imidoaether,”’ Oppenheim, Berlin, 1892, pp. 105, 212), formamidine 
was too unstable to condense with either of the formyl derivatives. With furamidine, however, ethyl «-formyl- 
phenylacetate gave 4-hydroxy-2-furyl-5-phenylpyrimidine, from which it was hoped that the furyl group could 
be eliminated by oxidation to carboxyl, followed by decarboxylation. Oxidation of the furyl compound 
with permanganate did not, however, give any definite product, presumably owing to fission of the pyrimidine 
ring [e.g., 4-hydroxy-2 : 6-diphenylpyrimidine is known to be oxidised by permanganate to benzamidine 
(Pinner, Ber., 1885, 18, 2845)]}. 

The neutral product, C,H,N,, can be formed by the reaction CH,Ph-CN + H-CO-NH, —> C,H,N, + H,0. 
With the base C,,H,N, established as being a pyrimidine, C,H,N, was then most probably the intermediate 
a-iminomethylphenylacetonitrile (VIII). Its structure was confirmed by its rapid hydrolysis by boiling dilute 
hydrochloric acid to «-formylphenylacetonitrile (IX) and ammonia, this being analogous to the hydrolysis of 
a-phenyliminomethylphenylacetonitrile (X) (Dains, Ber., 1902, 35, 2496; Walther and Schickler, J. py. 
Chem., 1897, 55, 305). The compound (VIII) is, however, fairly stable to cold dilute acids. 
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The yield of (VIII) was not improved significantly by running the formamide into excess of phenylaceto- 
nitrile at 150° or 180°, and the addition of sodium formate as a condensing agent served only to decompose 
the formamide. In all cases in which the imine (VIII) was formed, the aminopyrimidine (I) was obtained in 
much greater amount. 

Attempted synthesis of the imine by addition of phenylacetonitrile to liquid hydrogen cyanide or by 
passing ammonia gas into molten a-formylphenylacetonitrile (IX) was unsuccessful, the main product in the 
second case being [CPh(CN):CH],NH (cf. Walther and Schickler, foc. cit.). When the formyl derivative (IX) 
was treated under distillation conditions with ammonia in boiling xylene or toluene, the imine (VIII) was 
formed in good yield. In higher-boiling solvents, the secondary amine [CPh(CN):CH],NH was the main 
product. At lower temperatures, an addition compound of ammonia and the formyl derivative (IX) was 
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obtained which was sparingly soluble in water and gave a purple colour with ferric chloride. These properties 
resemble those of the sodio-derivative of (IX), and the addition compound is therefore considered to be the 
ammonium salt (XI) of the formyl derivative rather than the isomeric aldehyde-ammonia. When the 
ammonium salt was heated at its m. p. or in boiling toluene, it gave a trace of «-formylphenylacetonitrile (IX) 
and a good yield of «-iminomethylphenylacetonitrile (VIII), identical with the product C,H,N, obtained by 
the action of formamide on phenylacetonitrile. 

The imine (VIII), when heated with formamide, gave the pyrimidine (I) in 52% yield, phenylacetonitrile 
(28%) and unchanged imine (6%) also being obtained. Although the yield of pyrimidine was no higher 
than from phenylacetonitrile itself, the reaction was very much more rapid, as might be expected if the imine 
was an intermediate in the reaction of phenylacetonitrile with formamide. Similarly, «-formylphenylaceto- 
nitrile (IX) and «-phenyliminomethylphenylacetonitrile (X) gave the pyrimidine (I) and phenylacetonitrile 
when heated with formamide. When a-acetylphenylacetonitrile was used in place of the «-formy] derivative, 
the product was not the expected 6-methyl derivative of (I) but (I) itself, the formation of which clearly 
involves the splitting of the «-acetyl derivative to phenylacetonitrile. 

Attempts to form pyrimidines by condensing the imine (VIII) with hydrogen cyanide or benzamidine 
with alkaline catalysts were unsuccessful. 

In the reaction with phenylacetonitrile, the use of amides other than formamide failed to give pyrimidines. 
With acetamide, no basic material was formed; thioacetamide decomposed into hydrogen sulphide and 
acetonitrile; with thioformamide, no reaction took place in the cold, and at higher temperatures, decom- 
position occurred. With acetamide and «a-acetylphenylacetonitrile, however, a trace of basic material, 
possibly 4-amino-5-phenyl-2 : 6-dimethylpyrimidine, was obtained, but the yield was too poor for the reaction 
to warrant further investigation. 

The mechanism of the reaction therefore appears to involve the direct condensation of formamide with 
phenylacetonitrile to give «-iminomethylphenylacetonitrile (VIII), which reacts further with formamide to 
give an open-chain compound, whereupon the terminal amino-group cyclises on to the nitrile group [cf. 
formation of 5-amino-2 : 4-diphenylpyrrole (Davies and Rogers, Joc. cit.) and the condensation of ethyl 
a-cyanosuccinate with urea to give 4-amino-2 : 4-dihydroxy-5-carboxymethylpyrimidine (Johnson and Kohman, 
Amer. Chem. J., 1913, 49, 197)]. The slowness of the reaction is probably due to the fact that only part of 
the imine (VIII) is converted into pyrimidine, the rest being hydrolysed or ammonolysed back to phenyl- 
acetonitrile. 

The stability of the imine (VIII) compared with that of the analogous “ diacetonitrile ’’ [CH,-C(-NH)-CH,°CN] 
is surprising. The former has been crystallised from hot water without serious decomposition, whereas the 
latter, because of its active methylene group, is converted by heating in water into 2-hydroxy-5-cyano- 
4: 6-dimethylpyridine (Moir, J., 1902, 81, 101). There has been no indication of the formation of pyridine 
derivatives in these formamide reactions. 

Little work has so far been carried out on other derivatives of 5-phenylpyrimidine. The 4-amino-compound 
(I) was acylated to give an acetyl derivative and a hydrochloride of a diacetyl derivative, but attempts at 
formylation were unsuccessful. The 4-hydroxy-compound (II). gave a monohydrochloride which decomposed 
above its m. p. and was only slightly hydrolysed by water. The 4-chloro-derivative (III) was unstable and 
on storage was converted into a yellow, water-soluble complex, from which, by treatment with sodium 
hydroxide, approximately 50% by weight of 4-hydroxy-5-phenylpyrimidine (III) was obtained: a possible 
explanation of this curious behaviour is that the chloro-compound quaternises with itself (cf. the self- 
quaternisation of 4-halogenopyridines (Wibaut et al., Rec. Trav. chim., 1935, 54, 807; 1939, 58, 885)]. _ 

The three monomethyl derivatives of 4-hydroxy-5-phenylpyrimidine (II) have been prepared. The 
4-methoxy-compound (XII), obtained by treating (III) with sodium methoxide, was not identified in the 
products of alkylation of the hydroxy-compound (II) with methyl sulphate and aqueous alkali (though this 
may have been due to the difficulties of isolating the isomer from the reaction mixture), the main products 
being the two isomeric 5-phenyl-N-methyl-4-pyrimidones, the higher-melting of which was also obtained by 
treating the methiodide of the aminopyrimidine (I) with alkali. 

Throughout this paper, the amino- and hydroxy-pyrimidine structures have been used in preference to 
the tautometric imino-dihydropyrimidines and pyrimidones. It should be emphasised that the choice has 
not been made on chemical grounds, and indeed the m. p.’s of the compounds and the conversion of the 
methiodide of the amino-compound into a methylated pyrimidone suggest that the dihydro-formule are 
more probably correct. ‘ 

. It is proposed to examine the ultra-violet absorption spectra of these compounds and of (VIII) 
(CHPh(CN)-CH:NH == CPh(CN):CH-NH,] in an attempt to define their precise structure. 
These reactions and those described in Part II (following paper) are the subject of recent patent 
applications. 
EXPERIMENTAL. 

The m, p.’s are uncorrected and the micro-analyses were carried out by Mr. E. S. Morton. 

1. 4-Amino-5-phenylpyrimidine (I1).—Phenylacetonitrile (117 g.) was added to formamide (180 g.) heated at 180° in a 
stream of ammonia gas under distillation conditions. After 14 hrs.’ heating with stirring, the distillate consisted of an 
aqueous layer (53 c.c.) and an oil (phenylacetonitrile, 21-5 c.c.). The reaction mixture was cooled, and the pyrimidine 
(94:8 g.) separated by filtration, m. p. 147—151°. An additional small amount was obtained by pouring the filtrate 
into water, extracting it with ether, washing the ethereal layer with 2n-sulphuric acid, and basifying the acid extract. 
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The pyrimidine was purified by heating in 8% hydrochloric acid (300 c.c.) (charcoal), and basifying the filtered solution, 
4-Amino-5-phenylpyrimidine separated as a pale yellow powder (92-5 g.,.54%), m. p. 151—153°, which crystallised 
from methyl alcohol or cyclohexane as white prisms, m. p. 152-5—153-5°, b. p. 332° [Found: C, 70-1; H, 5-2; N, 
24-7; M (cryascopic in dioxan), 180. C,)H,N, requires C, 70-2; H, 5-3; N, 24-55%; M, 171]. 

The ethereal solution after acid extraction was dried, and the phenylacetonitrile recovered by distillation (b. p, 
108—110°/10 mm.). The high-boiling residue was washed with carbon tetrachloride and crystallised from water to 
give thin plates of a-iminomethylphenylacetonitrile (VIII), m. p. 133—134° (Found: C, 75-1; H, 5-5; N, 19-2, C,H,N, 
requires C, 75-1; H, 5-5; N, 19-45%). a 

By carrying out the reaction under reflux without a stream of ammonia, the yield of pyrimidine by acid extraction 
was 8-5%, and a variable amount of phenylacetamide, m. p. 154—156° (relatively jnsoluble in ether and dilute acid), 
was formed. When the water was allowed to distil off, the yield was raised to 18-4%; by refluxing in a current of 
ammonia, the yield was 23-5%. 

2. Properties of 4-Amino-5-phenylpyrimidine (I).—Solubility in water, about 0-1—0-2% at 15° and 1-6% at 100°; 
readily soluble in dilute mineral or acetic acids and stable to prolonged heating with alkali or dilute acids. In chloroform’ 
solution, it took up 1 mol. of bromine per mol. of base to give a brick-red precipitate, m. p. 191—192°, which was ve 
sparingly soluble in common solvents; this very unstable addition compound was not further investigated. The base 
was not readily oxidised by potassium permanganate, but prolonged treatment under acid conditions gave a small 
amount of benzoic acid (15%, m. p. and mixed m. p. 120—122°). 

3. Derivatives of 4-Amino-5-phenylpyrimidine (I).—(a) Methiodide. The pyrimidine (1-7 g.), methyl iodide (6-2 c.c.), 
and methyl alcohol (20 c.c.) were refluxed for 3 hours, and the solvent evaporated. The residual solid (3-3 g.) was 
crystallised from water to give the monohydrate of the monomethiodide, -m. p. 170—172° (decomp.) (Found: C, 39-9; 
H, 4:2; N, 12-65; I, 39-1. C,,H,,N;I,H,O requires C, 39-9; H, 4-2; N, 12-7; I, 38-4%). The methiodide was heated 
above its decomposition point for 15 minutes but no definite products could be isolated. 

(b) Acyl derivatives. (i) The pyrimidine (I) (2-5 g.), acetic acid (15 c.c.), and acetic anhydride (5 c.c.) were refluxed 
for 2 hours and poured into water. The resulting solution was cooled to 5° and exactly neutralised with sodium 
hydroxide. Unchanged pyrimidine (0-8 g., m. p. 146—154°) was collected, and the filtrate extracted with chloroform 
(6 times). After drying and removal of solvent, a solid was obtained (1-5 g., m. p. 131—135°) which after crystallising 
from benzene gave a monoacetyl derivative, m. p..139—140° (Found: .C, 67-5; H, 5-1; N, 19-3. C,,H,,ON, requires 
C, 67-6; H, 5-2; N, 19-7%). (ii) The pyrimidine (3-4 g.) was heated at 95° for 3 hours with acetyl chloride ‘(3-0 c.c) 
in acetic anhydride (20 c.c.), and the hydrochloride of a diacetyl derivative collected (2-8 g.), m. p. 200—204° (decomp) 
(Found: M, by titration with n-sodium hydroxide, 296. C,,H,,N;,HCl requires M, 291). 

(c) 4-Hydroxy-5-phenylpyrimidine (II). The aminopyrimidine (I) (10-0 g.) in 36% hydrochloric acid (30 c.c.) was 
heated on a steam-bath in a current of hydrogen chloride until no more precipitate was formed (about 10 hours). The 
white crystals of the hydrochloride of 4-hydroxy-5-phenylpyrimidine (11-4 g., 24%) were separated, and crystallised 
from 36% hydrochloric acid; m. p. 272° (decomp.) (Found: C, 52-7; H, 4-4; N, 12-2; Cl, 16-2. C,,H,ON,,HC1,H,0 
requires C, 53-0; H, 4:86; N, 12-4; Cl, 15-7%). Crude hydrochloride (16-0 g.) was ground with water (50 c.c.) and 
35% sodium hydroxide (14 c.c.), and the resulting solution filtered and diluted with water (70 c.c.). 4-Hydrozy- 
5-phenylpyrimidine (11-1 g., 91%) was precipitated by saturation with carbon dioxide and crystallised from water; 
m. p. 173—174° (Found: C, 69-9; H, 4-8; N, 15-65. C,)H,ON, requires C, 69-8; H, 4-65; N, 16-3%). 

(d) 4-Chlovo-5-phenylpyrimidine (III). The hydroxypyrimidine (II) (10 g.) in freshly distilled phosphorus oxy- 
chloride (20 c.c.) was refluxed for 1 hour, and excess of oxychloride removed under reduced pressure. The residual oil 
was treated with ice-water, and the crude chloro-compound (10-3 g., 93%), m. p. 69—71°, purified by distillation or 
crystallisation from light petroleum (b. p. 60—80°) to give 4-chloro-5-pheny os (III), m. p. 71—72°, b. p. 156— 
158°/19 mm. (Found: C, 62-75; H, 3-1; Cl, 18-6. Cy 9H,N,Cl requires C, 63-0; H, 3-68; Cl, 18-6%). 

The chloro-compound (0-5 g.), when heated in a sealed tube with saturated alcoholic ammonia (5 c.c.) for 4 hours 
at 150—160° (but not at 100°), gave 4-amino-5-phenylpyrimidine (I) (0-23 g.) and ammonium.chloride. After standing 
in glass for several months, or when heated at 40—60° for a few days, the chloropyrimidine was converted into a yellow, 
water-soluble product, presumably a quaternary salt. 

4. Methyl Derivatives of 4-Hydroxy-5-phenylpyrimidine.—(a) 4-Methoxy-5-phenylpyrimidine (XII). Crude chloro- 
pyrimidine (10-3 g.) in methyl alcohol (30 c.c.) was refluxed for 1 hour with a solution of sodium methoxide (sodium, 
1-25 g.; methyl alcohol, 20 c.c.), and the solvent evaporated. The residual oil was dissolved in ether, washed with 
alkali and then with water, dried, and the solvent removed, leaving an oil (9-5 g., 95%) which was very soluble in most 
solvents. Crystallisation from light petroleum (b. p. 40—60°) with good cooling gave Pg RE a Ty 
(7-9 g., 78%), m. p. 49—50° (Found : C, 71-0; H, 5-1; N, 15-2. C,,;H,ON, requires C, 71-0; H, 5-4; N, 15-05%). 


(b) 5-Phenyl-N-methyl-4-pyrimidones. The hydroxypyrimidine (II) (3-44 g.) in 2n-sodium hydroxide (10-5 c.c.) 


was treated with methyl sulphate (2-0 c.c.) at 10°+2°. After standing at room temperature for 20 hours, the solution 
was extracted with chloroform (18 times). Evaporation of the dried chloroform extract gave a sticky solid (3-3 g)), 
which crystallised from acetone to give 5-phenyl-1 (or 3)-methyl-4-pyrimidone (1-68 g., 45%), m. p. 171—172° (Found: 
C, 71:1; H, 5:35; N, 14-9. C,,H ON, requires C, 71:0; H, 5-4; N, 15-05%). The acetone mother-liquors were 
evaporated to dryness, and the residue crystallised from a small bulk of water to give 5-phenyl-3(or 1)-methyl-4-pyrimidon 
(0-52 g., 14%), m. p. 111—112° (Found: C, 70-3; H, 5-0; N, 149%). This isomer was recovered unchanged after 3 
hrs.’ heating at 250°. 

4-Amino-5-phenylpyrimidine methiodide (3-31 g.) in n/2-sodium hydroxide (20 c.c.) was evaporated to small bulk, 
and the distillate shown to contain ammonia (identified as p-toluenesulphonamide) and no trace of methylamine (no 
colour with chloranil) (cf. Tsalapatani, Chem. Zentr., 1908, 79, I, 299). The residue from the distillation was filtered, 
saturated with sodium chloride, and extracted with chloroform (12 times). The extract was dried, the solvent removed, 
and the residual solid crystallised from acetone, giving 5-phenyl-1(or 3)-methyl-4-pyrimidone, m. p. 171—172° [mixed m. p. 
with methiodide, 126—138°; mixed m. p. with 4-hydroxy-5-phenylpyrimidine, 116—133°; mixed m. p. with 5-phenyl- 
l(or 3)-methyl-4-pyrimidone, prepared by alkali and methyl sulphate on the hydroxy-pyrimidine (II), 171—172°]. 

5. Proof of Structure of 4-Amino-5-phenylpyrimidine soe The chloro-compound (III) (3-8 g.) with methyl 
alcohol (40 c.c.) and 1-2% palladium on calcium carbonate (2-0 g.) was shaken in hydrogen until absorption was com- 
plete (absorption, 1040 c.c. at N.T.P. Calc. for replacement of Cl and reduction of two double bonds: 1120 c.c. after 
allowance for CO, evolved). The product was filtered off, and the filtrate evaporated to dryness, giving a solid (3-96 g.) 
very soluble in water and difficult to purify owing to the presence of calcium chloride. Part of the material (1 g.) m 
water was treated with picric acid (1-0 g.) to give a yellow picrate (1-48 g.), which separated from hot water in saw- 
edged prisms, m. i 201—202°. This appears to be a picrate of 5-phenyltetrahydropyrimidine (Found: C, 49-4; H, 
4-9; ? 18-1. Cio 12N2,C,H,O,N, requires Cc, 49-4; H, 3-9; N, 18-0%). 

2 : 4-Dihydroxy-5-phenylpyrimidine (V) was prepared from ethyl a-formyl 
of aqueous sodium hydroxide; m. p. 360° (decomp.) (from acetic acid) (Foun 
C49H,O,N,: C, 63-8; H, 4:3; N, 149%). The Gniyironypyriasidine (3-4 g.) was heated for 9 hours with phosphorus 
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oxychloride (20 c.c.), and the product worked up as for the monochloro-derivative. The crude product (4-0 g., 98%) 
was purified to give 2 : 4-dichloro-5-phenylpyrimidine, b, p. 181—182°/16 mm., m. p. 78—80° (from cyclohexane) (Found : 
=i 31-3. C,.H,N,Cl, requires Cl, 31-55%). 

The dichloro-compound (1-0 g.) was reduced as in the case of the monochloro-derivative (absorption, 340 c.c. at 
N.T.P. Calc. for tetrahydrophenylpyrimidine: 324 c.c. after allowance for CO, formed). The product was filtered 
and the solvent removed, giving a sticky gum (1-2 g.) which could not be purified. This was converted into a picrate 
which, after crystallisation from water, had m. p. 199—200° and gave no depression with the picrate derived from the 
monochloro-derivative (III) (Found: N, 18-1%). 

(b) The hydroxypyrimidine (II) (5-16 g.) in alcohol (300 c.c.) was treated with sodiim (23 6.) during 1 hour, and 
the product steam-distilled until the distillate was no longer alkaline to brilliant-yellow (about 61.). The distillate was 
acidified with hydrochloric acid and evaporated to dryness; the residual solid was taken up in a small volume of water, 
the solution treated with carbon, filtered, and again evaporated to dryness to give a brown powder (mainly dihydro- 
chloride of ay-diamino-f-phenylpropane) (3-12 g.). A part of this in water was treated with aqueous sodium picrate, 
and the resulting picrate recrystallised from water; m. p. 244—246° (decomp.) (lit., m. p. 247°, decomp.). This 
appears to be a hydrate of the dipicrate of the base (Found: C, 40-6; H, 4-05; N, 18-0. C,H,,N,,2C,H,O,N,,H,O 
requires C, 40-25; H, 3-5; N, 17-°9%). By the Schotten—-Baumann reaction the dihydrochloride gave a dibenzoyl 
otry: 7-04) 176—177° (lit., m. p. 179°) (Found: C, 76-95; H, 5-85; N, 7-95. Calc. for C,,H,,O,N,: C, 77:1; 
H, 6: > » #9 7/)> 

6. Proof of Structure of a-Iminomethylphenylacetonitrile (VIII).—The neutral product (C,H,N,) from the phenyl- 
acetonitrile-formamide reaction (0-72 g.) was stirred with n-hydrochloric acid (4-0 c.c.) and heated to boiling. The 
mixture was acid to Congo-red until boiling had been continued for 1 minute. An additional 6 c.c. of n-hydrochloric 
acid were then added, and heating continued for 2 minutes, during which time the oil solidified. After cooling, the 
solid was collected, washed, and dried; m. p. 153—156° (0-59 g., 81%); recrystallised from toluene, it had m. p. 156— 
159° (0-47 g.), mixed m. p. with a-formylphenylacetonitrile (IX), 156—160°. The ammonia in the aqueous filtrate 
was estimated and found to correspond to 94% of the theoretical amount. 

cf rat nae Ee Pe tig ew we ape mag hydrochloride hydrate (15-4 g.) (Pinner, Ber., 1892, "26, 
1415) was treated with 35% ium hydroxide solution (9 c.c.). Ethyl a-formylphenylacetate (19-2 g.) (Wislicenus, . 
Ber., 1887, 20, agro was added during 10 minutes, the temperature being Rept at 14°+2° by ice-cooling. Alcohol 
(40 c.c.) was then added, and the mixture kept for several days. "Water was added, followed by a few drops of acetic 
acid, and the white ace cong of 4-hydroxy-2-furyl-5-phenylpyrimidine was collected; it crystallised from methyl 
alcohol as fine white needles, et 929-993 © (6-2 g., 27%), soluble in dilute sodium hydroxide solution but only 
8 nr 8%, eters in dilute hydrochloric acid (Found: C, 70-3; H, 3-8; N, 11-95. C,H 4,O,N, requires C, 70-6; H, 4-2; 

, » ‘O/]* 

8. Synthesis of a-Iminomethylphenylacetonitrile (VIII).—a-Formylphenylacetonitrile (IX) (63 g.), dissolved in liquid 

ammonia (1 1.), was kept below — 40° for 6 hours. The excess of ammonia was evaporated, leaving the ammonium 

‘salt of a-formylphenylacetonitrile (XI) (70-5 g.), m. p. 137—138° (decomp.), which crystallised from alcohol, with some 
decomposition and loss, as compact white prisms, m. p. 137—138° (decomp.) (Found: N, 17:15. C,H,,ON, requires 
N, 17-2%). In aqueous or alcoholic suspension, the salt gave a purple-red colour with aqueous ferric chloride. 

A suspension of the ammonium salt (73 g.) in toluene (200 c.c.) was distilled in a stream of ammonia until no more 
water was evolved and all the solid was in solution (about 1} hours). After removal of the residual solvent, the solid 
was washed with dilute aqueous sodium hydroxide to give a-iminomethylphenylacetonitrile (55°8 g., 89%), m. p. 


132—135°. Crystallisation from benzene gave plates, m. p. 134—135°, which did not depress the m. p. of the neutral 
product from the reaction of formamide with phenylacetonitrile (see Section 1). Immediate acidification of the alkaline 
extract precipitated a small amount of crude a-formylphenylacetonitrile, m. p. 138—145°. 

A suspension of the formyl compound (IX) in: benzene was distilled slowly in a current of ammonia for 7 hours, 
fresh benzene being added to replace the distillate; crude ammonium salt (XI), m. p. 115—125°, was obtained. Boiling 
toluene being used as a diluent in a‘similar experiment, the formyl compound passed into solution, and on cooling, the 
iminomethyl derivative Ca With an s m. p. 13l¢-133°. With xylene in place of toluene, the product was again 

Il), m. p. 1261308 


the iminomethyl compound Il), m but contaminated with a yellow impurity presumed to be the 
bis-compound (CPh(CN):CH],NH reported by Walther and Schickler (loc. cit.). 

_ 9. Other mie gre St of 4-Amino-5-phenylpyrimidine (I).—(a) From a-iminomethylphenylacetonitrile (VIII). The 
imino-compound (14-4 g.) was added to formamide (16 c.c.) at 180° and heated at that temperature for 1 hour in a stream 
of ammonia. After cooling, the solid was filtered off and washed with ether. The filtrate and ethereal washings 
were shaken with water and then extracted with ice-cold dilute sulphuric acid. The — precipitate was then 
combined with the acid extract in excess of sulphuric acid, clarified with carbon, and basified to precipitate the amino- 
pyrimidine (I) (8-8 g., 62%), m.p. 152—154°. From the ethereal solution, phenylacetonitrile (3-26 g., 28%), b. p. 
103—107°/11 mm., and unchanged imine oon (0-77 g., 5-3%), m. p. 132—134°, were obtained. 

(b) From nar re aan (IX). The homey compound (14-5 g.) was treated as in (a) to give the 
aminopyrimidine (I) (7-72 g., 45%), m. p. 148—151°, phenylacetonitrile (3-55 g., 30%), b. p. 101—104°/9 mm., and 
a trace of crude a-iminomethylphenylacetonitrile (VIII), m. p. 122—126°. 

(c) From a-phenyliminomethylphenylacetonitrile (X). The imine (10 g.) was heated with formamide (20 c.c.) at 180° 
for 7 hours in a stream of ammonia, and the product worked up as in (a) to give crude aminopyrimidine (I) (3-0 g., 
385%), m. p. 136—144°, and phenylacetonitrile (1-1 g., aon) b. p. 101—105°/9 mm., together with a high-boiling 
residue (1-9 g.) which was not the iminomethyl compound (VI 4) and was not further investigated. : 

10. Reaction of a-Acetylphenylacetonitrile with Amides.—(a) With formamide. Formamide (20 c.c.), saturated with 
ammonia, was heated with the acetyl compound (15-9 g.) at 180° for 6 hours. Water (1-4 c.c.) and a trace of acetamide 
distilled off. The product was worked up as in Section 1 to give phenylacetonitrile, b. p. 100—103°/8 mm. (3-6 g., 
31%), and crude 4-amino-5-phenylpyrimidine (I), m. p. 138—145°, mixed m. p. with authentic material, 143—148° 
oe g., 27%). This product was dificult to purify, probably owing to the presence of a small amount of the 6-methyl 

erivative, 

(b) With acetamide. a-Acetylphenylacetonitrile (7-9 g.) was added to acetamide (11-8 g.) heated at 180° in a stream 
of ammonia, and the mixture heated at 200° for 5 hours. Water (1-6 c.c.) and an oil (1-3 c.c., probably phenylaceto- 
nitrile) distilled over. A trace of basic material,.m. p. 180—190°, was isolated after the usual working up; was 
Possibly 4-amino-5-phenyl-2 : 6-dimethylpyrimidine. 


The authors are greatly indebted to Mr. C. Paine for his advice throughout this work. 
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86. A Novel Pyrimidine Synthesis. Part II. 4-Amino-5-arylpyrimidines. 
By W. H. Daviss, A. W. Jounson, and H. A. Piccort. 


Nuclear-substituted a-iminomethylphenylacetonitriles (VI) are prepared by heating the appropriate 
a-formylphenylacetonitrile (IV) with ammonia. By heating with formamide in a stream of ammonia under 
distillation conditions, the imines (III) and (VI) and the substituted phenylacetonitriles themselves are 
converted into substituted 4-amino-5-arylpyrimidines (II). 

Attempts to condense formamide with aliphatic nitriles were unsuccessful. 


FoLLowinG the discovery (Part I, preceding paper) that phenylacetonitrile and certain of its derivatives 
react with formamide to give 4-amino-5-phenylpyrimidine, an attempt was made to establish the scope of 
the reaction by the use of other nitriles. By the direct route of heating the appropriately substituted phenyl- 
acetonitrile with formamide, (I) —- (II), the following 4-amino-5-arylpyrimidines (II) were obtained, the 


CHR(CN):-CH:NPh ——————> 


JN ‘ 
' (III.) RL N (II.) 
CH,R-CN > Ve 


t 


CHR(CN)-CHO —> CR(CN):CH-ONH, —> CHR(CN)-CH:NH 
(IV.) (V.) (VI.) 


yields being given in parentheses: R = p-CIC,H, (51%); R = p-OMe-C,H, (38%); R = p-OH-C,H, (25%); 
R = p-NO,C,H, (45%); R = 0-OMe-C,H, (40%). 

The yield in the case when R = p-NO,°C,H, iis low because the nitrile forms a quinonoid ammonium salt 
(VII) under the conditions of the experiment, thus preventing the action of formamide on the a-methylene 
group. Better yields of the nitro-compound (II; R = p-NO,°C,H,) were obtained by an alternative route, 

Oo (I) ——> (III) —~> (II). -Nitrophenylacetonitrile was condensed with diphenyl- 

N=" =CHCN formamidine by the method of Grothaus and Dains (J. Amer. Chem. Soc., 1936, 58, 

NH,O” 1334) to givé (III; R = p-NO,°C,H,), which was heated with formamide to give 

(VII.) the pyrimidine (II; R = p-NO,C,H,) in 20% yield. Hence the yield by this 

method, though better than that by the direct route, was still relatively poor: this suggests that the «- 

phenylimino-compound (III) is partly hydrolysed or ammonolysed to p-nitrophenylacetonitrile under the 
conditions of the experiment. . 

The third route, (I) —~> (IV) —-> (V) ——> (VI) ——> (II), was applied in the cases in which R = p-CIC,H,, 
and R = p-OMe-C,H,. These reactions went smoothly and differed from those in which R = Ph only in 
that, during the dehydration of the ammonium salt (V) —+> (VI), small amounts of yellow by-products were 
formed. | These were not isolated but are presumably the appropriate derivatives of the yellow base identified 
as [CPh(CN):CH],NH by Walther and Schickler (J. pr. Chem., 1897, 55, 305). 

Attempts to extend the reaction with formamide to other nitriles were without success. In some cases, 
the a-methylene group was too inert to react (e.g., in heptonigrile and 8-phenylpropionitrile), whereas in others 
the nitrile itself polymerised or broke down (e.g., in malononitrile, cyanoacetamide, and succinonitrile). To 
undergo this pyrimidine synthesis, a nitrile must (a) have an a-methylene group which is further activated, 
(b) preferably have a b. p. above 180°, and (c) be fairly stable to ammonia and to small amounts of water 
at 180°. 

The preparation of the substituted phenylacetonitriles showed some points of interest. The p-derivatives 
were all obtained from p-nitrophenylacetonitrile, the p-hydroxy- and p-chloro-compounds being made through 
the diazonium salt of p-aminophenylacetonitrile and the p-methoxy- by methylation of the p-hydroxy- 
derivative. These methods worked smoothly and are more convenient than routes involving the reaction 
of p-substituted benzyl chlorides with potassium cyanide at high temperatures (cf. Beilstein, Kuhlberg, and 
Neuhof, Annalen, 1868, 147, 347). o-Methoxyphenylacetonitrile was prepared by the following route based 
on Hignet and Kay’s preparation of phenylacetonitrile from benzaldehyde (J. Soc. Chem. Ind., 1935, 54, 987) : 
o-OH-C,H,-CHO —> 0-OMe-C,H,-CHO —-> 0-OMe-C,H,°-CH(OH)-CN —-> 0-OMe-C,H,-CHCI-CN ——> 
o-OMe-C,H,°CH,°CN. 





(I.) 


EXPERIMENTAL. 


A. Preparation of Intermediates.—(i) p-Methoxyphenylacetonitrile. p-Hydroxyphenylacetonitrile (15-7 g.) (Koessler 
and Hanke, J. Biol. Chem., 1919, 39, 586), dissolved in aqueous sodium hydroxide (5-7 g. in 60 c.c. of water), was 
treated with methyl sulphate (17-3 g.) with stirring. After the initial reaction had subsided (5 mins.), the mixture was 
heated at 50° for 2 hrs., cooled, extracted with ether (3 x 50 c.c.), and the-ethereal extract washed successively with 
dilute sulphuric acid and sodium hydrogen carbonate, and dried. After removal of the solvent, the residue was distilled. 
p-methoxyphenylacetonitrile being obtained as a pale yellow oil, b. p. 154—156°/17 mm. (yield 18-6 g., 90-5%). 

(ii) p-Chlorophenylacetonitrile. p-Aminophenylatetonitrile (16-9 g.) (Pschorr, Seydel, and Stéhrer, Ber., 1902, 35, 
4400), dissolved in 36% hydrochloric acid (50 c.c.), was stirred at 0° and treated with ice (45 g.). A solution of sodium 
nitrite (9-1 g.) in water (34 c.c.) was run into the stirred suspension of the hydrochloride at 0—5°, and the resulting 
diazonium solution added rapidly to a well-stirred solution of cuprous chloride (56 c.c.) (prepared at 0° as described 
in Org. Synth., Coll. Vol. 1, p. 163). There was much frothing, the mixture was allowed to warm to room temperature, 
stirred for a further 1} hours, and finally warmed slowly to 60°. On cooling, the p-chlorophenylacetonitrile was 
isolated by ether extraction and distillation as pale yellow needles (10-0 g., 51-7%), m. p. 30°, b. p. 189—141°/15 mm. 
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(iii) o-Methoxyphenylacetonitrile. (a) o-Methoxybenzaldehyde cyanohydrin. The bisulphite compound of o-meth- 
oxybenzaldehyde, prepared in the standard manner from the aldehyde (60 g.), was stirred with a concentrated solution 
of potassium cyanide (80 g.). The bisulphite compound dissolved immediately; the cyanohydrin, which separated as 
an oil, solidified on cooling, and was collected, washed, and dried in a vacuum (70 g., 97:3%). It is not necessary to 
purify it further for the preparation of the nitrile, but if desired it may be crystallised from a /ittle benzene; m. p. 71°. 
(b) o-Methoxyphenylacetonitrile (cf. Pschorr, Wolfes, and Buckow, Ber., 1900, 38, 166). A solution of the crude 
cyanohydrin (70 g.) in chloroform (60 c.c.) was cooled in ice and gradually treated, with stirring, with a solution of 
thionyl chloride (40 c.c.; approx. 15% excess) in chloroform (40 c.c.). When no more,hydrogen chloride was evolved 
(30 mins.), the mixture was allowed to warm to room temperature and stirred for 4 further 15 mins.; the solvent was 
then removed under reduced pressure, the temperature being kept as low as possible. The crude chloro-compound 
in alcohol (150 c.c.) was treated with dilute acetic acid (90 c.c. in 120 c.c. of water), a little more alcohol being added 
if necessary in order to obtain a homogeneous solution. Zinc dust (60 g.) was added in small amounts during 20 mins., 
and the mixture refluxed for 4 hr. After hot filtration, the clear yellow solution was evaporated to one-third of its 
original bulk, poured into water, and extracted with ether (3 x 100 c.c.).. The ethereal extract was washed free from 
acid, dried, and the solvent removed. Distillation of the residue gave o-methoxyphenylacetonitrile as a colourless 
oil, b. p. 141—143°/15 mm., which solidified on cooling. Crystallisation from light petroleum (b. p. 60—80°) gave 
colourless needles (42 g., 66-5%), m. p. 67—68°. 4 

(iv) p-Chloro-a-iminomethylphenylacetonitrile. (a) Ammonium salt of p-chloro-a-formylphenylacetonitrile (V; R= 
p-CIC,H,). -Chloro-a-formylphenylacetonitrile (2-0 g.) (Walther and Hirshberg, J. pr. Chem., 1903, 67, 393) was 
dissolved in liquid ammonia (100 c.c.) and kept below — 40° for 7 hours. Evaporation of the ammonia left the 
ammonium salt of p-chloro-a-formylphenylacetonitrile (2-14 g.; 97-7%),m. p. 129—131° (decomp.) (Found: N, 14-25. 
C,H,ON,Cl requires N, 14-3%). 

(b) p-Chloro-a-iminomethylphenylacetonitrile (VI; R = p-CIC,H,). A suspension of the ammonium salt (2-0 g.) 
in toluene (60 c.c.) was evaporated to small bulk in a slow stream of ammonia. From the resulting clear solution, a 
yellow solid separated (1-25 g.), m. p. 110—122°. This was ground with water and sufficient sodium hydroxide to 
make this mixture just alkaline to Clayton-yellow. The insoluble solid was collected, m. p. 132—135° (0-5 g., 27-56%), 
and crystallised from toluene to give p-chloro-a-iminomethylphenylacetonitrile, m. p. 139—140° (Found: N, 15-5. 
C,H,N,Cl requires N, 15-7%). -Chloro-a-formylphenylacetonitrile was obtained from the alkaline extract on 
acidification (0-65 g.; 35%), m. p. 156—159°. 

(v) ae eg rappers apirgy nae (a) Ammonium salt of p-methoxy-a-formylphenylacetonitrile (V; 
R = p-OMe’C,H,). This was prepared as described for the p-chloro-analogue from p-methoxy-a-formylphenylaceto- 
nitrile (Badhwar, Baker, Menon, and Venkataraman, 'J., 1931, 1541) and liquid ammonia. Evaporation of the ammonia 
left the ammonium salt (97-1%), m. p. 130—132° (decomp.) (Found: N, 14-4. C,9H,,0,N, requires N, 14-6%). 

(b) p-Methoxy-a-iminomethylphenylacetonitrile (VI; R = aS Prepared as for the p-chloro-derivative, 
the crude product after the alkaline extraction, m. p. 118—124° (75%), was contaminated with a yellow solid, pre- 
sumably the secondary amine. Repeated crystallisation from benzene gave p-methoxy-a-iminomethylphenylacetonitrile 
as white plates, m. p. 138° (Found: N, 15-9. C,.H,ON, requires N, 16-1%). From the alkaline extract, p-methoxy- 
a-formylphenylacetonitrile (11%) was obtained on acidification. 

B. Reactions of Formamide with Nuclear-substituted Phenylacetonitriles—The mixture of nitrile and formamide was 
heated with stirring at 180° in a stream of dry ammonia gas in a flask fitted with a short still-head. 

(i) With p-methoxyphenylacetonitrile. The nitrile (18-4 g.) and formamide (25 g.) were heated for 7 hours; an 
aqueous fraction (5-5 c.c.) and unchanged nitrjle (0-8 c.c.) distilled over. The mixture in the flask, after cooling, 
crystallised and was washed well with water, the residual solid being separated into a basic and a neutral fraction by 
thorough partition between 2n-hydrochloric acid (total 550 c.c.) and ether. From the ethereal solution, unchanged ° 
nitrile was recovered (b. p. 144—146°/11 mm., 5-85 g., 32%). The acid extract was cooled in ice, and 4-amino-5-p- 
methoxyphenylpyrimidine hydrochloride separated as plates (6-9 g., 23-2%), m. p. 246—250° raised to 268—270° by 
tecrystallisation from n-hydrochloric acid. Titration showed this to be a monohydrochloride (Found: HCl, 15-1. 
C,,H,,ON;,HCl requires HCl, 15-4%). 

The hydrochloride, together with its acid mother-liquors, was made alkaline to Clayton-yellow with sodium 
hydroxide, and the precipitated base (Il; R = p-OMe-C,H,) collected and washed (38-3% or 561% after allowance 
for recovered nitrile). The base crystallised frgm methyl alcohol (carbon) in colourless plates, m. p. 164—165° 
(Found: C, 65-5; H, 5-45; N, 20-7. C,,H,,ON, requires C, 65-8; H, 5-5; N, 20-9%). . 

(ii) With p-chlorophenylacetonitrile. The nitrile (19-4 g.) was heated with formamide (26 g.) for 7 hours; 3-0 c.c. 
of aqueous distillate and 1-0 c.c. of oil (unchanged nitrile) were collected. On cooling, the mixture crystallised com- 
pletely to a pale yellow cake, which was thoroughly washed with water (3 x 50 c.c.). The solid was dissolved in 
2n-hydrochloric acid (300 c.c.), the solution clarified by repeated treatment with carbon, and made alkaline to Clayton- 
yellow indicator with sodium hydroxide. The precipitated 4-amino-5-p-chlorophenylpyrimidine (II; R = p-CIC,H,) 
was separated, washed, and crystallised from methyl alcohol, forming colourless plates (13-4 g., 51-1%), m. p. 203—204° 
(Found : C, 57-95; H, 3-8; N, 20-0; Cl, 17-3. C, 9H,N,Cl requires C, 58-3; H, 3-9; N, 20-5; Cl, 17-3%). 

(iii) With p-hydroxyphenylacetonitrile. The nitrile (30-5 g.) was heated with formamide (40 g.) for 6 hours, 8-0 c.c. 
of an aqueous distillate containing hydrogen cyanide being obtained. On cooling overnight, the black residue which 
had partly crystallised was thoroughly washed with water (3 x 50 c.c.), and the residue dissolved in n-hydrochloric 
acid (200 c.c.). The boiling acid solution was clarified by repeated treatment with carbon, and on cooling in ice the 
crude hydrochloride of the base was precipitated. Crystallisation from Nn-hydrochloric acid together with further 
clarification by carbon gave 4-amino-5-p-hydroxyphenylpyrimidine hydrochloride (5-5 g.), as colourless prisms, m. 
300—301° (Found: HCl, 16-75. C,H,ON;,HCl requires HCl, 16-35%), soluble in cold water but only sparingly 
soluble in cold n-hydrochloric acid. The combined filtrates from the hydrochloride were made just alkaline to brilliant- 
yellow indicator; the precipitated crude base (II; R = p-OH-C,H,) (7-45 g) was washed and dried. Crystallisation 
from methyl alcohol (carbon) yielded it as colourless plates (6-0 g.), m. p. 289—291° (Found: C, 63-75; H, 4-4; N, 
22-15. C,H,ON, requires C, 64-2; H, 4-8; N, 22-5%). The overall yield (pure base + pire hydrochloride) was 24-7%. 

(iv) With o-methoxyphenylacetonitrile. The nitrile (18-4 g.) was heated with formamide (25 g.) for 3} hours and 
gave an aqueous distillate (12-2 c.c.) and an oil (4-8 c.c.) which readily solidified (unchanged nitrile). More formamide 
(25 g.) was then added, and the heating continued for 1 hour; an additional 7-1 c.c. of aqueous distillate and 1-0 g. of 
nitrile were collected. (The combined aqueous distillates gave a strong positive test for hydrogen cyanide.) After 
cooling, the reaction mixture was dissolved in ether (200 c.c.) and washed with 2n-hydrochloric acid (3 x 50 c.c.) and 
with aqueous sodium hydrogen carbonate. From the ethereal solution, unchanged nitrile was recovered (3-1 g., 17%; 
b. p. 138—142°/13 mm.). The acid extract was clarified (carbon) and addition of sodium hydroxide precipitated 
4-amino-5-o-metho. wyipyrimidine (II; R = o-OMe’C,H,) (0-95 g., 38%; or, after allowance for recovered nitrile, 
73%), which ry i from methyl alcohol as colourless plates, m. p. 176—177° (Found: C, 66-05; H, 5-65; N, 
20-45. C,,H,,0 3 requires = 65-8; ’ 5-5; N, 20-9%). ’ . 
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(v) With p-nitrophenylacetonitrile. The nitrile (10 g.) and formamide (20 c.c.) were heated for 10 hours, approxi- 
mately 1 c.c. of distillate being obtained. After cooling, the residual thick oil was treated with water, and the sticky 
solid filtered off and ground with alcohol (20 c.c.); on drying at 40—60°, the dark brown powder melted to a black 
resin (6-0 g.). This was repeatedly extracted with 2n-hydrochloric acid, the acid solution clarified (carbon), and 
basified to give a yellow amorphous precipitate, m. p. 205—238° (0-5 g., 46%). Repeated crystallisation from 
benzene and from alcohol raised the m. p. of this 4-amino-5-p-nitrophenylpyrimidine (II; R = p-NO,’C,H,) to 
234—239° (sintering at 231°) and gave no depression with the material obtained by the diphenylformamidine route, 
Further purification was not possible with the small amount of material available. 

C. Reactions of Formamide with Nuclear-substituted a-Iminomethylphenylacetonitrilés—The mixture of the nitrile 
and formamide was heated with stirring at 180° in a stream of dry ammonia gas in a flask fitted with a short still-head.- 

(i) With p-methoxy-a-iminomethylphenylacetonitrile. The nitrile (0-15 g.) and formamide (4 c.c.) were heated for 
3 hours. The mixture, after cooling, was poured into water, and the precipitated solid (A) collected. The filtrate 
was separated into a basic and a neutral fraction by partition between 2n-sulphuric acid and ether. The precipitate 
(A) was dissolved in the acid fraction, the solution clarified (carbon) and made alkaline to-Clayton-yellow with sodium 

“hydroxide. The precipitated 4-amino-5-p-methoxyphenylpyrimidine crystallised from water (10 c.c.) as colourless 
plates (0-085 g.; 49%), m. p. (alone and mixed with the product obtained in Section B) 164—166°. 

(ii) With p-chloro-a-iminomethylphenylacetonitrile. The nitrile (0-065 g.) and formamide (4 c.c.) were heated for 3 
hours, and the product treated as in the above experiment to yield 4-amino-5-p-chlorophenylpyrimidine (0-04 ¢g.), 
m. p. (alone and mixed with the product obtained in Section B) 202—204°. 

(iii) With p-nitro-a-phenyliminomethylphenylacetonitrile. The nitrile (34 g.) (m. p. 274—276°; Grothaus and Dains, 
loc. cit., do not record a m. p.) and formamide (45 c.c.) were heated for 7 hours, most of the distillate (4-2 c.c. and some 
white solid) coming over in the first 3 hours. The product was poured into water (about 100 c.c.), heated to boiling, 
and made strongly acid to Congo-red with 36% hydrochloric acid, sufficient being added to hydrolyse the excess of 
formamide. The hot solution was twice treated with kieselguhr to remove tar and then with carbon, and the hot 
orange-yellow filtrate made alkaline with sodium hydroxide. The crude pyrimidine was filtered off, and purified as its 
hydrochloride by repeated crystallisation (carbon) from 2n-hydrochloric acid (about 50 c.c.) to give the hydrochloride 
of 4-amino-5-p-nitrophenylpyrimidine (6-6 g., 20%), m. p. 302—304° (decomp.) (Found: HCl, 14-6. C,)9H,O,N,,HCl 
requires HCl, 14:5%). The hydrochloride, dissolved in hot water (100 c.c.), was treated with excess of N-sodium 
hydroxide (35 c.c.). The yellow precipitate was collected, washed, and crystallised successively from alcohol (about 
400 c.c.) and dioxan to give 4-amino-5-p-nitrophenylpyrimidine (II; R = p-NO,°C,H,) as fine deep yellow needles 
(4-6 g.), m. p. 241—243° (Found: C, 55-6; H, 4-05; N, 25-6. C,)H,O,N, requires C, 55-55; H, 3-7; N, 25-9%), 
which did not depress the m. p. of the crude product obtained as in Section B (v). This substance had the curious 
property that its solution in hot dioxan was practically colourless, but on cooling, the yellow colour reappeared and 
yellow crystals separated. 
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87. The Properties of Freshly Formed Surfaces. Part V. A Velocity-Time Equation 
for Adsorption to Dynamic Surfaces. 


By C. C. ADDISON. 


The dynamic surface tensions of aqueous solutions of m-alcohols reported in Part IV (this vol., p. 98) have 
been used to determine the true velocities of migration to the surface over the full time required for equilibrium. 
The velocity (v) and surface age (¢) are shown to be related by the equation v = a™te"; m and k are functions 
of chain length but are independent of concentration. At infinite dilution ais independent of chain length, and is 
a direct function of concentration. Hence the surface behaviour of alcohols having chain lengths outside the 
experimental range can be predicted. The distance travelled by the adsorbate molecules, obtained by in- 
tegration of the exponential equation, agrees closely with that deduced directly from Gibbs’s equation, and 
provides support for the a mechanism proposed. The results can be used to assess the probable 
constancy of the migrational velocity at concentrations lower than those which can be studied experimentally. 


From the values for the mean velocity of migration to the air-water surface reported for isoamyl and sec.- 
octyl alcohols (Parts II and ITI, J., 1944, 252, 447) and for the »-alcohols from amy] to octyl (Part IV, loc. cit.), 
it is clear that this mean velocity, which increases appreciably with chain length, is sufficiently constant for 
any given alcohol over the available concentration range to be regarded as a property of that particular alcohol. 
However, apart from their use as a basis on which to compare surface activities, the mean velocities have 
limited application in the study of the true mechanism of the adsorption process. It therefore became necessary 
to determine the true velocity of adsorbing molecules under various conditions of chain length and concen- 
tration, and over the full range of surface age. It was shown in Part III that the free energy per unit area 
of the surface at any given surface age (defined as the difference between the surface tension at that age, and 
the equilibrium value) was the major factor determining the velocity at that moment, and this fact was used 
to obtain true velocities of migration over a part of the time required for surface equilibrium. The adsorbing 
molecules undergo acceleration when the surface is first formed (see below), and the true velocities reported 
in Part III were purposely limited to the later stages of the adsorption. 

The dynamic surface tensions of aqueous solutions of m-amyl, -hexyl, -heptyl, and -octyl alcohols reported 
in Part IV have now been used as a basis for the calculation of true velocities of migration over the full time 
taken to establish equilibrium. The velocity-surface age curves have been interpreted mathematically, and 
an exponential relationship obtained in which the constants used have a physical significance. 

Velocity—Surface Age Curves.—Curves for the above four m-alcohols are given in Figs..1—4. The broken 
horizontal lines M represent the migrational velocity. The full curves represent the true velocities, and have 
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been calculated for three separate concentrations in each case. The development of I with time was first 
plotted as shown in Part III; the tangent to the I'-¢ curve represents the rate of arrival of adsorbate at the 
surface. Since the velocity is uniform throughout the disc from which the adsorbate is drawn, the rate of 
arrival at the surface gives directly the velocity of the adsorbing molecules at the base of the disc. This 
adsorption mechanism, which has been assumed in deducing these curves, receives striking support from the 
mathematical results given below, and is referred to again in more detail. The curves shown in Figs. 1—4 
represent in each case the velocity of the adsorbing molecules most remote from the surface, and thus the 
velocity reaches zero when adsorption is complete. The velocity of molecules which are at a smaller distance 
from the surface when it is first formed will be obtained by displacing the curves to the required extent parallel 
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to the time axis. Such molecules may therefore have, on reaching the surface, velocities u 
by the peak in the curve, depending on their initial distance from the surface. 

The dynamic surface-tension measurements made by the vibrating jet, from which these curves are calcu- 
lated, are considered to be accurate to +0-25 dyne/em. The I-¢ curves (see Part III, Fig. 2) will therefore 
have a similar accuracy, and the tangents thereto are considered to be accurate to at least +2%. The lower 
limit of surface age at which accurate tension measurement is possible is the age at the second wave, i.e., about 
0-004—0-007 second. In Figs. 1—4, the major portion of each curve lies above this lower age limit, and only 
with the higher concentrations of n-amy] alcohol is any significant part of the curve below this limit. “Where 
velocities have been recorded at lower surface ages, they have been obtained by extrapolation of the I'-¢ curve 
to the origin. The error here may therefore be rather greater than at higher surface ages. However, the length 
of the first wave can be used to confirm fairly accurately the position of the small extrapolated section of the 
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T-tcurve. The extent to which this wave is decreased in length by turbulent flow below the equilibrium value 
for pure water (Addison, Phil. Mag., in the press) is a constant for a given apparatus, and by assuming that 
a proportionate reduction takes place in dilute solutions also, the surface tension (and thus I’) at 0-002—0-003 
sec. can be obtained with sufficient accuracy to confirm the position of the extrapolated T-¢ curve. 

Physical Basis for Shape of Curves.—All the curves show a rapid rise to a peak velocity, followed by a more 
gradual fall to zero velocity. The peak value increases with increasing concentration, and this effect is more 
pronounced as chain length increases. These results are consistent with the following mechanism. Before 
the formation of the surface, the adsorbate molecules are in a state of kinetic agitation. This movement will 
be distributed over the three dimensions, and the mean velocity in the direction of the surface can be taken as 
zero. In consequence, the velocity is zero at zero surface age whatever the concentration or chain length. 
Immediately the free surface energy operates, the molecules will accelerate towards a velocity corresponding 
to the maximum free surface energy. While this velocity is still small, little adsorption will occur, and little 
fall in surface tension should take place. That this is, in fact, the case is shown by the results given in Part II, 
Figs. 3 and 4, and Part III, Fig. 1, where for a short period of time immediately following the formation of 
the surface, little or no fall in surface tension occurs. The rate of fall then increases as the adsorbate molecules 
accelerate. During acceleration, the free surface energy is falling owing to the arrival of adsorbate at the 
surface, until at the peak of the velocity-time curve the adsorbing molecules reach a velocity corresponding to 
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the free surface energy at that age. This energy is highest in more coricentrated solutions and increases with 
chain length, and thus the initial acceleration increases with both concentration and chain length. Again, the 
rate of fall of free surface energy is greater for concentrated than for dilute solutions. Owing to a combination 
of these two effects, the peak value increases with concentration, but the peak is reached at a lower surface 
age. Thereafter, the velocity falls at a rate which decreases with the decreasing free surface energy. 

Equations of Curves.—The general shape of the curves does not alter with concentration or chain length, 
and the relation between true velocity (v) and surface age (f) is in all cases of the form 
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If a smooth curve is drawn through the peak points for each alcohol, it is clear that the envelope so formed 
is almost parallel to the ¢ axis in the case of amyl alcohol, but becomes rapidly steeper as chain length increases. 
This can be allowed for in Equation (1) by the introduction of two terms, thus 
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where » determines the slope of the envelope, and a the position of the peak on the envelope. There is also a 
wide variation in the actual peak velocities with chain length (cf. 14—16 x 10~ cm./sec. for amyl, and 120— 
320 x 10 cm./sec. for octyl alcohol). This can be allowed for in equation (2) by the introduction into the 
index of a further term, thus 
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where k determines the dimensions of each set of curves. By adjusting the values of a, m, and k the practical 
curves can be reproduced with accuracy, and equation (3) appears to be a fundamental relationship controlling 
the establishment of surface equilibrium. The curves obtained by experiment are shown in Figs. 1—4 by full 
lines, and where deviations do occur, the curves deduced from equation (3) are shown as broken curves leaving 
the experimental curves. Such discrepancies as do occur are at small velocities, where adsorption is almost 
complete. For hexyl, heptyl, and octyl alcohols, the discrepancy is almost negligible; with amyl alcohol a 
large part of each curve is duplicated by equation (3), and the deviation at.high surface ages is not serious in 
view of the small velocities involved. 

The values of a, n, and k for any given chain length and concentration were readily determined by virtue 
of the fact that the effect of each term on the general form of the curve is independent of variations in the 
other two terms. Thus by giving & an arbitrary value (say 100) the shape of the envelope connecting the 
peaks was determined for a range of values of ; this term was therefore determined first for each alcohol; 
a was then obtained from the position of the peak on the envelope (i.e., from the initial slope of the curve), and 
finally k was adjusted to bring the theoretical curve to the same dimensions as the experimental curve. The 
values found for k, », and a are given in Table I. 


TABLE I, 


n-Alcohol. Concentration, %. k. ; a. n-Alcohol. Concentration, %. ‘ " a. 
Amyl . 240 . 0-65 Heptyl 0-02 ; 0-74 
° 240 . 0-95 0-04 ‘ 1-68 
240 ° 1-70 0-06 ‘ 3°75 
Hexyl . 130 . 0-56 Octyl 0-0224 . 1-68 
130 , 1-25 0-030 . 3-33 
130 ° , 2-30 0-039 : 6-84 


Physical Significance of k, n, and a.—It is clear from Table I that m is a constant for any given alcohol, 
is independent of concentration, and increases by a regular increment of 0-2 for each additional carbon atom 
in the chain. Hence, if / is number of carbon atoms in the chain 
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Similarly, k is also a constant for each alcohol and is independent of concentration, but its value diminishes 
rapidly with increasing chain length. The relation between log,, k and / is shown in Fig. 5. The points for 
amyl, hexyl, and heptyl alcohols are closely linear; that 

for octyl alcohol deviates slightly, and evaluation of k at Fic. 5. 

chain lengths greater than 8 (not possible by the present 25 
practical technique) will be required to determine whether 

this is the beginning of a true departure from linearity. 
This aspect is being studied. Linearity being assumed, the S 2-0 
relation between k and chain length, can be written with ~ 
sufficient accuracy for present purposes as 


logy, # = 3-75—O-2751. . . . (5) 


Hence both k and m are functions of chain length only. 
Since the term a determines the position of the peak 
velocity on the envelope, it was anticipated that.a would be a function of the concentration c. The relation 
between a/c and c is shown in Fig. 6 in logarithmic units. The manner of variation of a with c, over the con- 
centration range used, alters appreciably with chain length, but the values of a/c appear to approach at infinite 
dilution a constant value which is independent of chain length. The relation between a/c and chain length is 
plotted in Fig. 7 at four selected concentrations. Thesections of the curves shown by broken lines were obtained 
by extrapolation from the curves in Fig. 6. The point of intersection is common to each of the curves; ata 
concentration of 0-02% the influence of chain length on a/c is slight, and it is most probable that at higher 
dilution the chain length effect willdisappear. The value of a/c will then be represented by the point of common 
intersection of the curves in Fig. 7, whence 
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logy @/e = 1450ra=28 . . ..... . . « (6) 


Application of Exponential Equation.—By employing the relationships given above, it is possible to deter- 
mine the velocity—surface age curves for alcohols which are at present beyond the range of the vibrating Jet 
method. It is hoped to extend equation (3) to cover a wider range of conditions by the introduction of further 
terms related to temperature, chain structure, and hydrophilic group. The accuracy with which velocities 
can be predicted is largely determined by the accuracy with which a can be determined, which in turn depends 
on the concentration. At low concentrations the a/c-i curves in Fig. 7 can be extrapolated to other chain 
lengths with suitable accuracy, but the accuracy of extrapolation decreases as concentration increases. 

As chain length increases, decrease in water solubility outweighs the increase in velocity of migration. The 
time required for the establishment of surface equilibrium therefore increases with chain length, ultimately 
beyond the age limit of the vibrating jet (Part IV), and methods of measuring surface tension over periods 
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up to one minute are being developed. Predicted results from equation (3) on alcohols higher than octyl have 
not therefore been confirmed by experiment, but measurements on aqueous decoic acid solutions confirm the 
order of time for equilibrium predicted by equation (3). In this calculation, the values of k, m, and a given 
above are assumed to apply to the acids of equal chain length also, in view of the similarity in surface activity 
between the alcohols and acids (Part IV). Until this is confirmed, the following results for decoic acid are to 
be regarded as significant in order only. By extrapolation to C,), m = 2-1,and& = 10. Ata concentration 
of 0-:002%, a = 0-056; and at 0-:0011%, a = 0-031. The velocity—time curves calculated on these values rise 
to a peak at about 2.and 4 seconds, respectively, and fall back to zero (thus representing complete adsorption) 
at 12 and 22 seconds, respectively. These times are considerably longer than any previously recorded in this 
work, and it appeared possible that drop formation might exhibit unusual features with such solutions. An 
attempt was therefore made to measure the surface tension of the solutions by the drop-weight method, using 
an orifice radius of 0-12cm. Whereas with the shorter-chain alcohol systems in which equilibrium is established 
within 0-1 sec., the drop weight was constant so long as mechanical errors were eliminated by allowing each 
drop at least 12 seconds to form, the weight of the drop of decoic acid solution was found to, be a function of 
the rate of flow of liquid into the drop (and thus of the rate of expansion of the surface) and did not become 
constant until the drops were allowed more than 2 minutesto form. This phenomenon is regarded as indicating 
that several seconds are required before surface equilibrium at a static surface is established, and that, except 
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in the case of the very slow flow rates, the rate of arrival of adsorbate molecules at the surface does not exceed _ 
(and at high flow rates is much less than) the rate of fail of surface concentration resulting from expansion of 
the surface. Harkins and King (Kansas State Agric. Coll. Tech. Bull. No. 9) found changes in the surface 
tension of a 0-:0011% decoic acid solution occurring up to 30 minutes after the formation of the surface; it is 
possible, however, that film rearrangements of the type reviewed by Alexander (Tvans. Faraday Soc., 1941, 
37, 15) take place at a static surface to alter tension after the completion of adsorption, but are unlikely to 
occur at an expanding surface. Accurate data on adsorption at expanding surfaces would materially assist 
the study of adsorption mechanism, and these novel systems will be discussed more fully in a later part. 
Adsorption Mechanism.—The mass of adsorbate {in g.). attached to 1 cm.* of surface at equilibrium can be 
regarded as being drawn by surface forces from a disc of solution 1 cm.? in cross section, placed with one face 
in the surface and having thickness dcm. The mass concerned is minute, and though d is appreciable in terms 
of molecular dimensions, it is very small in comparison with the diameter of the disc. This distance d is thus 
a function of the bulk concentration c, and can be determined with or without the assumption of an adsorption 
mechanism. The close agreement between the two provides support for the validity of the mechanism. 
(a) Calculation of d without reference to adsorption mechanism. The approximate form of the Gibbs equation 
= — (c/RT)dy/dc is known to be inapplicable to the adsorption of large molecules, particularly where the 
concentration is sufficient for the formation of colloidal micelles (Gibby and Addison, J., 1936, 119, 1306), 
and is generally accepted as applicable only to the adsorption of a single component from a solution in which 
its behaviour is ideal with respect te concentration. However, the alcohols used in the present work are of 
comparatively short chain length, and practical considerations made it necessary to work with solutions of 
great dilution, where the relation between y and I is almost linear. Since the activity coefficient f approaches 
unity at great dilution, the accurate form of the equation T,{” = — (1/RT)dy/d log, fc has been used in the 
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above approximate form for the determination of T at equilibrium (and thus d) in these low concentrations. 
Values of d so obtained are given in Table II, col. 3. 

(b) Calculation of d, adsorption mechanism being assumed. The following steps used in deriving the curves 
given in Figs. 1—4 outline the mechanism suggested in this work. (1) The variation of surface tension with | 
surface age was obtained from the vibrating jet. (2) For any given alcohol, it was assumed that under condi- 
tions of great dilution a given surface tension represented a fixed I irrespective of surface age, and irrespective 
of whether or not equilibrium was established. (3) From the y-? relation, the rate of increase of I’ was 
obtained, and I-¢ curves derived for various concentrations. (4) The tangent to the I-# curve at a given time 
was taken as representing the rate of arrival of molecules at the surface. (5) Evidence was submitted in Part 
III that in the case of sec.-octyl alcohol the distance of the adsorbing molecule from the surface was not signifi- 
cant in determining its velocity. This has been assumed to be the case with all the alcohols studied. Hence 
the rate of migration of all adsorbing molecules has been taken as uniform throughout the disc. (6) The 
variation in the slope of the tangent to the ['-+ curves was therefore taken as representing the variation in 
velocity of migration throughout the disc. Asa result, the curves in Figs. 1—4 represent the velocity of the 
most remote migrating molecules, and any error in the mechanism assumed will be reflected in these curves. 

For each interval of time di, the distance travelled by the molecule is v, . dt, where v, is the actual velocity 


at that instant. Hence the total distance d is given by d = | ‘Os . dt, where ¢ is the total time required to 
establish equilibrium. Since v, = a%te-o, 4 


d = [*ante-altdt = — (an-*/h8)e-ol(akt + 1) . Boke arya ites. ies a 


The depth of the disc is therefore represented by the area enclosed between the v-/ curve and the ¢ axis. The 
values of d thus obtained are given in Table IT, col. 4. 


TaBLeE II. 


d x 105, cm. d X 105, cm., d X 105, cm, d X 105, cm., 
n-Alcohol. . (from Gibbs’s eqn.). from (7). n-Alcohol. c¢,%. (from Gibbs’s eqn.). from (7). 


Amyl . 2-35 2-56 Heptyl 0-02 24-7 25-2 
. 1-62 1-82 0-04 16-7 

1-15 1-08 0-06 ° 11-1 

Hexyl ° 8-63 8-80 Octyl 0-0224 ° 44-2 
5-02 5-10 0-030 . 36-0 

3°35 3-30 0-039 ° 29-0 

The agreement obtained by the two'methods is striking, and though it does not serve as conclusive proof 
(since other v-¢ curves could contain the same area) the results obtained nevertheless provide strong support 
for the mechanism suggested. 

Constancy of Migrational Velocity.—In previous papers, use has been made of the mean velocity of migration 
(V) of adsorbing molecules, termed the migrational velocity. This was derived from the expression V = 
— (100Mdy/dc)/KTt; practical conditions necessarily confine the range of concentration over which V can be 
measured within fairly narrow limits. At low concentrations, either equilibrium is not established in the jet, ~ 
or the change in wave-length is too small to be accurately measurable. At high concentrations, equilibrium is 
established within the first wave, and ¢ cannot be determined. Within these limits, dy/dc has been found to 
be closely proportional to ¢, and thus V isconstant. The results reported above now enable an estimate to be 
made of the probable constancy (or otherwise) of V over a concentration range wider than that available 
experimentally. 

(a) High concentrations. The low values of dy/dc which are obtained at the higher concentrations are not 
suitable for substitution into the expression for V without the introduction of an activity coefficient. Until 
such coefficients are available, there are no reasons for anticipating that V will deviate, at high concentrations, 
from the values already reported. 

(b) Low concentrations. At greater dilution dy/dc is almost constant. As concentration diminishes ¢ 
increases, and thus from the expression for V above it appears that, if measurements were possible at greater 
dilution, V would be found to decrease eventually with decreasing concentration. This is supported by the 
curves in Figs. 1—4. If the applicability of equation 3 be extended to infinite dilution (and there is at present 
no objection to this procedure) then the maximum true velocity must eventually, at great dilution, fall below 
the value reported for the migrational velocity. In the systems studied so far, the concentrations at which 
this is likely to occur are beyond the range available experimentally. With amyl alcohol, this condition is not 
nearly approached experimentally since m is only slightly above 1. As chain length increases, the fall in peak 
velocity with decreasing concentration is more rapid, but the available concentration range is also diminished. 
If the chain length is increased until approaches 2 (i.e., above nonyl alcohol), the value of d given in the 
integral in equation (7) is independent of a, and thus of concentration. However, at such chain lengths the 
alcohols are approaching complete insolubility, and the surface film passes from a soluble to an insoluble one. 
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88. Low-pressure Isothermals and Heats of Sorption. 


By A. GRAHAM FOosTER. 


A new method of calibrating the Pirani gauge for measuring the pressure of condensable vapours up to 
about 0-5 mm. is described. Sorption isothermals of water, ethyl alcohol, toluene, dioxan, m-octane, and carbon 
tetrachloride have been determined at 25° on silica and ferric oxide gels: all give the linear plot of p/c against p 
demanded by Langmuir’s theory. The values calculated for the amounts held in the completed unimolecular 
layer show good agreement with previous estimates made from data at higher pressures. 

Heats of sorption have been calculated by means of the Clapeyron equation, and compared with the values 
calculated by statistical theory from the constant of Langmuir’s equation. The entropy changes accompanying 
the sorption process have also been calculated and are shown to be consistent with the view that the adsorbed 
molecules behave as three-dimensional oscillators. They are, however, of the same order as the changes 
accompanying the transition from vapour to normal liquid. 


SorRPTION isothermals have been determined for several vapours on silica gel (Lambert and Foster, Proc. Roy. 
Soc., 1931, A, 184, 258) and on ferric oxide gel (Foster, ibid., 1934, A, 147, 128), but although the data covered 
the entire range of concentration up to saturation, the initial stages of the isothermals were not adequately 
examined, because in most systems the major part of the sorption process took place at pressures which were 
too low to be measured accurately on a mercury manometer. The low-pressure measurements now described 
have been obtained with the Pirani gauge, by means of a technique essentially similar to that employed by 
Allmand and Chaplin (ibid., 1930, A, 129, 257). Since this gauge has to be calibrated separately for each 
individual vapotr, the choice of substances is limited by the necessity for accurate low vapour-pressure measure- 
ments. Suitable data for water, ethyl alcohol, toluene, and carbon tetrachloride are quoted in International 
Critical Tables, and have been obtained by dynamic methbds or by the use of special types of low-pressure 


manometer. This paper describes isothermals of these vapours on silica and ferric oxide gels at pressures} 


below 1 mm. 

The Pirani gauge was used as recommended by Campbell (Proc. Physical Soc., 1921, 33, 287), the temper- 
ature of the filament being kept constant by varying the potential across the bridge circuit. If V, represents 
the balancing voltage at zero pressure, and V the voltage required at pressure p, then the following relation 
holds at low pressures, when the thermal conductivity of the gas is proportional to the pressure : 


a PU eM OS eS Se. 


The usual method of calibration with vapours where the McLeod gauge cannot be employed is to take 
voltage readings at known low pressures, obtained by surrounding the liquid with suitable refrigerants. 
Although it is difficult to find many substances which can be easily purified so as to give constant m. p.’s between 
0° and —100°, it is evident that even a single calibration will suffice if accurately determined. At higher 
pressures, however, the linear relation between p and the voltage function breaks down, and the calibration 
curve cannot be constructed without a large number of points. In many of the systems described here, the 
main part of the sorption isothermal lies between 0-05 and 0-5 mm. pressure, so it was essential to calibrate the 
gauge accurately over this range. Some of the isothermals described later follow the Langmuir equation 
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which gives an initial linear relation c = zbp when bp < 1, whereas ¢ finally approaches a limiting value z when 
pis very large. If the equation is written in the form 1/c = 1/z + 1/zbp, it is seen that 1/c plotted against 1/p 
should give a straight line over the entire pressure range. Now, the curves of f(V) against p are subject to 
similar limiting conditions; at low pressures f(V) is proportional to p, but at high pressures it reaches a limiting 
value, since the thermal conductivity of gases becomes independent of the pressure when the mean free path is 
small. The graphs of 1/f(V) against 1/p (not shown) are linear from 0-05 up to 0-5 mm., which is just the 
range over which the direct plot of f{(V) against p is least satisfactory for calibration. "When this method was 
first used, in 1934, it was not known that a similar reciprocal relation between thermal conductivity and 
pressure had been found by Dickens (Proc. Roy. Soc., 1934, A, 148, 517). A detailed theoretical derivation has 
been given by Gregory (ibid., 1935, A, 149, 35; Phil. Mag., 1936, 22, 257), and the relation has also been 
tested experimentally for gases by Archer (ibid., 1935, 19, 901). As far as is known, however, this relation 
has not previously been used for calibration of the Pirani gauge; its f'se enables a single gauge to be employed 
from the lowest measurable pressures right up to the manometric region, and is of particular value between 
0-1 mm. and 1 mm. 
EXPERIMENTAL. 

Isothermals and Heats of Sorption.—(1) Water. In the first series of experiments (1934) all taps were lubricated 
with Apiezon vapourless grease, but although the initial results were satisfactory, after some weeks much trouble was 
experienced by the liberation of permanent gas, at pressures of the order 10-* mm., whenever stopcocks were turned. 
For this reason a new apparatus was constructed in which the Pirani gauge and gel container were separated from the 
remainder of the apparatus by a mercury seal ‘‘ cut-off.”” All stopcocks were then lubricated with carefully prepared 
Ramsay grease, which had been stored in a vacuum desiccator over charcoal; in none of the subsequent experiments 
was any appreciable evolution of gas from taps observed. 

Three separate samples of silica gel A from the batch previously described (Proc. Roy. Soc., 1934, A, 146, 129) were 
used, sorption and desorption points being taken. The first series is shown in Fig. 1; the best curve through the experi- 
mental points is the straight line represented by the equation p/c = 0-0042 + 0-0164p (Fig. 24), which conforms, to the 
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Langmuir isotherm, according to which a linear plot pod 8 /c against p should be obtained over the entire range. The 
excellent agreement between observed and calculated values is shown below. 


UN,  spiniavisvcidacssteidébonsontauinats 0-01 nae — 0-494 
ee ee 16-98 32-7 40-0 
Concn., mg. /g-{ Ops PC AEA OR 17-0 33-2 40-0 


The second series of experiments, carried out in 1936, gave results almost identical with the first. The Pirani gauge 
was run at a lower temperature to increase its sensitivity and had therefore to be recalibrated, but its behaviour did not 
appear to be affected by the use of Ramsay grease or by the presence of mercury vapour. The data used for calculating 
heats of sorption were obtained during this series by taking pressure readings at both 25° and 35°, but the only extensive 
readings were determined on a sample of gel which had been used for several sorption and desorption experiments, and 
gave non-linear isothermals with pressures falling slightly below those of Fig. 1. This is attributed to a slight change in 
the adsorptive capacity of the gel after repeated heat treatment and evacuation. Values of the ratio 3,-/p,,- at various 
concentrations, read off from a large-scale graph, enabled Fig. 3.to be constructed, showing log )55-/P_5- as a function of 
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c. 
concentration. This ratio is proportional to the heat of sorption, since, according to the integrated form of Clapeyron’s 


equation we have 
— AHgas. = 4°57[T,T,/(T, — T )] logic 1/2. 


At low concentrations — AH is constant at about 20 kg.-cals./mole, but falls to 14-3 kg.-cals. at 6 mg./g. During the 
first series of experiments only two measurements were obtained at temperatures other than 25°. At 2-4 mg./g. a value 
of 15-7 kg.-cals. was found, and another reading at 3-2 mg./g. gave 14-9 kg.-cals. In another series an approximately 
constant value of 15-2 kg.-cals. was obtained, whence the net heat of sorption may be taken as 4-8 kg.-cals. since the 
heat of vaporisation is 10-4 kg.-cals. 

Fig. 4. 


Toluene on silica gel. 
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The results obtained for water on ferric oxide gel are described in the next paper but one, together with measurements 
on deuterium oxide. The best curve through the low-pressure points follows the line p/c = 0-0008 + 0-026). ; 

(2) Toluene. Two successive desorptions on silica gel gave the reproducible results shown in Fig. 4. The Langmuif 
curve corresponding to the final sorption — below 0-004 mm. is shownin Fig.2A. The linear relation p/c =0-00007+ 
0-0296p breaks down above 25 mg./g. Fig. 5 shows the heats of sorption, which remain constant at 15-6 kg.-cals. up to 
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30 mg./g., but fall off to 14-0 kg.-cals., in the neighbourhood of 50 mg./g. The following table records the low-pressure 
data for ferric oxide, together with the corresponding heats. Although the latter remain constant up to 13 mg./g., the 


Fie. 5. 
Heats of sorption of toluene on silica gel. 
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plot of F. |e agent p is not linear in this region. From 0-01 to 0-16 mm., however, we find p/c = 0-00055 + 0-0235p 
(Fig. 2B) and the heat of sorption averages 13-1 kg.-cals. 





¢ (mg./g.). 10°p(25°), mm. 105p(35°), mm. 1og10 Pse/Pese- —AH (kg.-cals.). 
2-59 24-5 50 0-310 14-73 
7-76 222 499 0-352 14-77 
10-36 436 980 0-352 14-45 
12-93 750 1660 0-345 
Mean heat of sorption = 14-68 kg.-cals. 


(3) Ethyl alcohol. The first run on silica gel had to be abandoned owing to the presence of permanent gas, which was 
removed by heating the charged gel to 150°ina vacuum. This treatment sometimes lowers the adsorptive capacity of the 
gel and causes a slight displacement of the isothermal towards the 
Fic. 6. pressure axis (Foster, Proc. Roy. Soc., 1934, A, 146, 129). The four 
Dioxan on silica gel B. points obtained on the second run lay on the curve p/c = 0-000175 + 

0-00952p (Fig. 2A). ‘ 
With ferric oxide also, a slight shift was observed after re-evacuating 
the gel at 150°, and the second desorption run was displaced about 
5 mg./g. towards the p axis. A large-scale plot of the lower points 
(Fig. 2B) gives p/c = 0-00002 + 0-021p. Another sample of gel was 
used for a sorption run, but the only reliable reading obtained was at 
c = 8-4 mg./g., where the observed pressure was 1-8 x 10 mm. This 
gives p/c = 2-14 x 10-5 as compared with the value 2-36 x 10-® required 
by the above equation at this concentration. No heats of sorption 
were measured on this gel. Two determinations on silica gel at 
c = 66 and c = 82-5 gave the values 14-1 and 14-6 kg.-cals., respectively. 


Fic. 7. 
X Manometer Carbon tetrachloride on silica. 
O Pirani gauge 03 
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(4) Dioxan. The v. p. curve of solid dioxan was determined from the m. p. (11-6°) down to — 30°, below which the 
pressure is too low for accurate measurement on a mercury manometer. The results were represented by the relation 
logie P = 10-31 — 2597/T which was used for calibrating the Pirani gauge, with extrapolation to — 65° for the lowest 
pressures. Fig. 24 shows the results obtained with silica gel A: p/c = 0-00002 + 0-0082p between p = 0-003 and 
0-8 mm. (¢c = 74—120 mg-/6:)- . 

An experiment was carried out with another specimen of silica gel, the ‘‘ gel B,” previously described by the 
author (Proc. Roy. Soc., 1934, A, 146, 129). Fig. 6 shows that here also a linear plot is obtained, viz., p/c =0-00012 + 
0-00495p, and the lowest manometric points lie on the same curve as the Pirani points. The following values were 
obtained for the heat of sorption: at c = 130, — AH = 14-0; c = 151, — AH = 13-5; c = 163, — AH = 12-6 kg.-cals. 
On ferric oxide p/c = 0-00013 + 0-015 up to 0-1 mm. (Fig. 2B). 

(5) n-Octane. The vapour pressure of m-octane was determined down to the limit of the mercury manometer, and the 
extrapolated curve log p = 8-326 — 2143-7/T was used for calibrating the Pirani gauge. The isothermal on silica gel 
followed the Langmuir curve p/c = 0-00012 + 0-0185p (Fig. 2A) up to 0-05 mm. at 50 mg./g., but a falling off was 
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observed at higher pressures. Two heats of sorption were determined: 13-5 kg.-cals. at c = 38 and 13-7 kg.-cals. at 
¢ = 44; mean 13-6. No heats were determined on ferric oxide gel; the Langmuir plot, p/c = 0-0025 + 0-0136¢, is 
shown in Fig. 2B. 

(6) Carbon tetrachloride. Silica gel adsorbs comparatively little carbon tetrachloride at very low pressures. Over the 
range of the Pirani gauge the isothermals are linear, but the manometric data (following paper) show excellent agreement 
with the equation p/c = 0-01138 + 0-0046) from c = 50 to 200 mg./g., and # rising from 1 to 15mm. Fig. 7 shows the 
low-pressure isothermals at 25° and 35°, from which the heat of sorption is found to be 8-98 kg.-cals. The ferric oxide 
results follow the relation p/c = 0-0059 + 0-030p up to 0-2 mm., after which the pressure increases linearly with 
concentration. 


DISCUSSION. 


The vapours examined all show reasonable agreement with the Langmuir equation (2), which may also be 
written as | 
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whence the slope of the p/c—p curve is 1/z, and the saturation value z is easily determined. The constant b can 
then be evaluated from the intercept on the p/c axis which is 1/zb. If we write c/z = 6, the fraction of the 
surface covered, we obtain the alternative form of Langmuir’s equation vice 
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with a single constant b, which is related to the heat of sorption. According to the kinetic derivation, 
b = aex/RT, where yx is the energy required to enable a molecule to escape from the adsorbed layer, and 
in the absence of any activation energy may be taken as the heat of sorption. The constant a, however, 
cannot be determined directly, being the ratio of the condensation and the evaporation coefficient. 

The newer statistical methods (Fowler, Proc. Camb. Phil. Soc., 1935, 31, 260; Fowler and Guggenheim, 
‘ Statistical Thermodynamics,”’ Cambridge, 1939, 426) have the advantage of giving b, which is really the 
mass-action constant, in terms of the partition functions, which, in theory, could be calculated from known 
properties of the system. In a simplified notation, Fowler’s result may be written 
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where a(7) and g(T) are the complete partition functions for all the motions of the adsorbed and the free 
molecules, respectively; i.e., g(T) includes the translational term (2xm)*/*(kT)5!?/k®, which is usually written 
separately; x is the minimum energy required to enable one mole of adsorbed material to escape into the gas 
phase and may be taken as approximately equal to the heat of desorption; g(7T) can be calculated from known 
properties of the molecule, but a(7) is in general too complex to be evaluated theoretically unless detailed 
information is available about the exact mechanism of adsorption, although Barrer (Tvans. Faraday Soc., 1944, 
50, 374) has shown how the calculation may be performed for zeolitic solid solutions. An alternative procedure 
is to take the liquid rather than the gaseous adsorbate as reference state and to assume as a first approximation 
that a(T) is not vastly different from 1(7), the complete partition function for the liquid state. Thus we may 
write the well-known statistical vapour-pressure equation in the form 
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where 2 is the heat of vaporisation of the liquid; (5) and (6) together give the relation 

bp, = [a(T)/\(7)]e%— 2/RT 
or In bp, = In a(T)/I\(T) + (x — A)/RT, which reduces to 
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when a(7) and 1(7) are nearly equal, and gq = x — A is the so-called “‘ net heat of sorption. This procedure 
is, of course, theoretically unsound and could only be justified if it enabled us to calculate b from gq (or x and 2). 
Unfortunately, owing to the exponential form of the relation this constitutes too severe a test. The data of 
Table I do, however, suggest that the converse procedure, viz., the approximate evaluation of y from the 
observed values of the Langmuir constant 6, is moderately successful and provides a fairly satisfactory test 
of the statistical treatment of adsorption equilibria. In this table the values of y calculated from b by means 
of equation (7) are compared with the values of AH derived by means of the Clapeyron equation. The differ- 
ences are of the order 10% and nowhere exceed 20%. In theory, the heat of sorption should be constant if the 
Langmuir equation is obeyed, but in practice this has rarely been observed. A possible explanation (Brunauer, 
‘“* Adsorption of Gases and Vapours,’’ Oxford, 1944, 70) is that the change in g is compensated by a change in 
a(T) acting in the opposite direction. . 

Although further progress must necessarily await a more detailed statistical treatment of the adsorbed state, 
it is interesting to study these heats of sorption from another viewpoint. Barrer (loc. cit.) has very recently 
developed the statistical treatment of zeolitic solid solutions by calculating partition functions for various 
types of motion of the occluded molecules relative to the lattice, assuming reasonable values for vibrational 
frequencies and moments of inertia. From these, the entropy change accompanying the occlusion is calculated 
and compared with the “‘ observed ”’ value derived from AH, whence it is concluded that the occluded molecules 
lose most of their translational mobility. Only three of the seven cases considered by Barrer are of interest in 
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TaBLe I, 
Concn. 
range, Aso, kg.- 9, kg.- x (calc.), kg.- —AH (obs.), 
Adsorbent. mg./g. 6,mm.. ,,mm. cals./mol. cals./mol. cals./mol. kg.-cals. /mol. 
Fe,0, 0—20 5-08 115 7-81 3-83 11-64. 9-4 
SiO, (B) 130—180 41-25 9-14 ° 13-54 12-6 at 163; 13-5 at 
- 461; 14-0 at 130. 
Fe,0, 40—70 = , 14-14 14-0 at 50. 
SiO, (A) 60—100 54-4 0 - 7-85 12:43 - 14-1 at 83; 14-6 at 66. 
, ae 0—50 15-5 8 ° 14-4 13-6 at 40. 
3 9 


Fe, 15—40 ‘427 14-4 14-7 from 0 to 13; 13-1 
from 20 to 30. 


SiO,(A) O25 423 a . 14-25 15-6 from 0 to 25; 14-0 
from 40 to 60. 
SiO, (A) 0—40 3-9 23-75 10-46 . 13-26 14-3 min.; 15-2 mean. 
Fe,O, 0—40 32-5 _ ~_ 5 15-84 15-7 at 11 
Note.— x is only equal to —AH when the adsorbed molecule has complete translational mobility. The exact relation 

is AH = — x + (n/2)RT, where n is the number of vibrational degrees of freedom of the adsorbed molecule (see Barrer, 
loc. cit., eq. Ta, p. 377). If we — the adsorbed layer to res¢mble the liquid state, the molecules will retain their 
translational mobility, whereas if the molecules behave as three-dimensional oscillators we should have AH = — x + 
3RT, according to which 0-9 kg.-cal. should be added to the figures of col. 9 to obtain the ‘‘ observed ” values of x. 


connection with the present work, viz., models (i), (ii), and (iv) (Joc. cit., p. 376), which correspond (i) to complete 
translational mobility, i.¢., ‘‘ gaseous” adsorbate; (ii) to two translational and one vibrational degree of 
freedom, i.e., the ‘‘ two-dimensional ” or mobile adsorbed layer; and (iv) to loss of all translational mobility, 
replaced by vibrational motions in three degrees of freedom, #.¢., “ fixed ’’ adsorbate. The value of AS,4,, the 
change of entropy accompanying adsorption, depends on the units in which pressure is expressed. In this paper 
all entropies have been converted to p = latm.; hence it is necessary to add R log, 76 = 8-6 units to Barrer’s 
values forpincm. The following figures are then obtained for Barrer’s models (loc. cit., Table II, col. 5) : 


Model. ASaas. for » in cm. ASaas. for p in atm. Model. ASsas: for pincm.  ASygas. for p in atm. 
(i) 82-53 91-1 (iv) — 36-63 —28-0 
(1i) 42-81 61:4 


These values are calculated for T = 300° x., M = 56, and y the characteristic vibrational frequency = 
6 x 10° sec. 

The “ experimental ” values of AS are calculated by means of the well-known thermodynamic relations 
AS = (AH — AG)/T and — AG = RT In K,, whence AS,4,, = AH/T + Rin Ky, where Kp, the equilibrium 
constant, is defined by the relation K, = 0/(1 — 0)p and is identical with the constant } of Langmuir’s 
equation. Table II summarises the results and shows that, apart from the rather low values for carbon tetra- 
chloride, AS,as, agrees roughly with Barrer’s model (iv), the mean value being 25-4, compared with 28 calculated. 


TABLE II. 
— AH, kg.-cals. —AH/T. R log, b. — ASgas.- " AS yap.. 

9-4 31-0 : 14-6 22-0 

29-7 : 17-4 in 
J 23-5 24-1 

26-6 ” 
27:1 20-8 
26-2 24-8 
27-6 19-6 

26-3 ” 
31-7 27-6 

34-3 ” 
25-4 23-2 


n-C,H,,-SiO, ... 
CH,Ph-Fe,O 
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It must be remembered that the values chosen by Barrer for M and y are arbitrary, so little importance attaches 
to exact agreement. A five-fold change in the assumed values of these constants alters AS,4,, by an amount 
of the order 5—10 units, whereas model (ii) differs from model (iv) by almost 80 units. In col. 6 the standard 
entropies of the adsorbed substances at 25° are recorded. The figures in col. 7 represent the entropy increase 
in vaporising the liquid and conversion to 1 atm. pressure, calculated from AH yap, at 300° K. by means of the 
relation AS,4,, = AH/T + Rinp,. The mean of these values is 23-2, just below the mean of the observed 
values of AS,as.. 

It may therefore be concluded that the motions of the adsorbed molecules are severely restricted and 
approximate to those prevailing in the liquid or the solid state. It has been pointed out by Barrer (private com- 
munication) that an approximate agreement with model (iv), the three-dimensional oscillator, does not mean 
that the adsorbed layer is devoid of mobility.. Suppose 10% of the adsorbed molecules were at any instant 
migrating from one sorption site to an adjacent empty site and the remaining 90% were oscillating. Such a- 
film would spread only 10 times less rapidly than one in which all the molecules were mobile, but AS would be 
very nearly that for a set of three-dimensional oscillators. The concept of a “ gaseous ” two-dimensional film 
(model ii) seems to be definitely excluded. Barrer’s treatment is intended to apply to “ occlusion ”’ rather than 
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to ‘‘ adsorption,’’ i.e., the occluded molecule is surrounded by the zeolite lattice so that interactions between 
adjacent adsorbed molecules do not have to be considered. This solid solution which occurs in zeolites 
cannot, however, differ vastly from the ‘‘ persorption ’’ which takes place on silica gel, the evidence for which 
is presented in the following paper. It is also apparent from Table II that ferric oxide gel gives values of AS,,. 
substantially the same as those obtained on silica gel although its pore radius is considerably larger. 

In discussing the significance of the p/c—p graphs, the first step is to compare the calculated saturation 
values with the estimates previously made for the amounts held in the unimolecular layer. From the experi- 
ments with alcohols on ferric oxide (Proc. Roy. Soc., 1934, A, 147, 128) and silica gel (ibid., 1935, A, 150, 77), 
it was assumed that this layer was already completed at the lowest pressures which could be measured on the 
mercury manometer, e.g., 50—55 mg./g. of ethyl alcohol on ferric oxide. In this work the first run with alcohol 
gave 57, and the second 52 mg./g., for the saturation value. On silica gel the low-pressure data give z = 105 
mg./g., whereas the isothermal described by Lambert and Foster (ibid., 1931, A, 134, 258) at 60° shows a linear 
portion extending from 115 to 155 mg./g., which extrapolates back to zero pressure at 107 mg./g. This agree- 
ment would appear to confirm the suggestion previously made by the author (ibid., 1935,A, 150, 82) that the 
linear middle portion of these isothermals represented the formation of a second adsorbed layer. The low- 
pressure data for water and dioxan show similar agreement with the high-pressure data described in the follow- 
ing paper; ¢.g., the water—ferric oxide isothermal extrapolates back to zero pressure at about 44 mg./g., whilst 
the low-pressure Langmuir curve extrapolates forward to a saturation value of 40 mg./g. On silica gel the 
Langmuir isotherm gives a saturation value of 50 mg./g., and the higher-pressure data extrapolate back to 
about the same value. Similar agreement is observed with dioxan on silica gel B, the low- and the high- 
pressure data giving values of 200 and 220 mg./g., respectively. 

Linear isothermals have also been described by Brunauer and others (op. cit., p. 286), but have been inter- 
preted in terms of multilayer adsorption. These workers assume that the unimolecular layer is completed at 
the beginning of the linear portion (‘‘ point B ”’) rather than at the point to which this linear part extrapolates 
back to zero pressure (“‘ point A”). The present work, however, favours the latter view, which will be discussed 
in more detail in a subsequent paper describing a large number of these “‘ linear isothermals.”’ 


The author’s thanks are due to Prof. A. J. Allmand, F.R.S., for.providing facilities for carrying out these experiments 
at King’s College, London, during 1934—1938. Acknowledgments are also due to the Department of Scientific and 
Industrial Research for a Senior Research Award, during the tenure of which this work was begun. 
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89. The Sorption of Condensable Vapours by Porous Solids. Part II.* 
The Validity of Gurwitsch’s Rule. 


By D. N. Broap and A. G. Foster. 


Isothermals of the following liquids have been determined on silica gel at 25°: acetic acid, acetone, diiso- 
propyl ether, dioxan, »-hexane, morpholine, m-octane, toluene, and triethylamine. The amounts adsorbed 
at saturation decrease as the diameter of the adsorbed molecule increases. The observed relations can be 
explained by assuming that the adsorbent contains tapering capillaries. In these systems Gurwitsch’s rule 
breaks down and is seen to be a special case of a more general relation. The number of molecules held in 
the unimolecular layer also decreases as the molecular diameter increases. 


THE object of the present research was to examine how far the nature of the adsorption isotherm is determined 
by the size, shape, and polar nature of the adsorbed molecule. Isothermals of the following substances on 
ilica gel have been described previously : benzene (Lambert and Clark, Proc. Roy. Soc., 1929, A, 122, 497), 
water (Lambert and Foster, ibid., 1931, A, 134, 246), methyl and ethyl alcohol (Foster, ibid., 1934, A, 146, 
129), n- and iso-propyl and -butyl alcohol (idem, ibid., 1935, A, 150, 77), carbon tetrachloride (idem, Trans. 
Faraday Soc., 1936, 32, 1559). For investigation of ethers, ketones, and carboxylic acids, the most convenient 
substances were found to be diisopropyl ether, acetone, and acetic acid, respectively. For comparison with 
benzene, toluene, ”-hexane and u-octane were investigated. Other substances whose isothermals have been 
examined are dioxan, morpholine, triethylamine, and ethyl iodide. For comparative purposes the isothermals 
of water and carbon tetrachloride were redetermined. The two types of silica gel used have been described 
by Foster (locc. cit.). Only a small amount of the original ‘‘ gel A ’’ was available, so the work was continued 
with a gel of similar type described by Allmand and Burrage (Proc. Roy. Soc., 1931, A, 180, 626). 

The isothermals on gel A fall quite sharply into two classes: (i) ‘ normal’’ curves showing a gradual increase 
of pressure with concentration, which do not rise steeply until fairly high concentrations are reached; 
(ii) curves falling almost vertically from abnormally low saturation values to very low pressures. Fig. 1 
shows the ‘‘ normal ”’ curves all reduced to the same scale by plotting relative instead of actual pressures. 
This group comprises acetic acid, acetone, carbon tetrachloride, n-hexane and toluene. The isothermals are 
of the same general shape as those of benzene described by Lambert and Clark (loc. cit.). The second group, 
shown in Fig. 2, consists of m-octane, diisopropyl ether, morpholine, and triethylamine, in order of decreasing 


* Part I of this series appeared in Trans. Faraday Soc., 1932, 28, 645. 
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extent of adsorption. Similar curves have been observed by McBain (‘‘ The Sorgtion of Gases by Solids,’’ 


.London, 1932),who has applied the term “‘ persorption ’’ to cases where the formation of the unimolecular 


layer completely fills the pores of the adsorbent. It appears that the pores of the silica gel act as a molecular 
sieve and will not admit large molecules like those of triethylamine. 
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According to the well-known Langmuir theory, the formation of a unimolecular layer follows the relation 
c = zbp/(1 + bp), where b is a constant and z the saturation value. This may also be written in the form 
pic = 1/zb + p/z, showing a linear relation between p/c and p, the slope of which is 1/z. The remarkable 
fact now appears that the data for both types of isothermal when plotted in this way give straight lines over 
the entire pressure range investigated. The actual curves are not reproduced, but the constants are recorded 
in Table I. 


TABLE I. 
Summary of data for Langmuir curves. 


Substance. , 3 z (mg./g.). 2/M (millimols.). o* (A.*). _zo0*/M. 
Detihe Gh ccceceqercseqertencsdnesese ces . . 3-23 26-0 84 
DIE. oy set hstnan stmortecncee screenees . .0- . 31-4 77 
Carbon tetrachloride ..............++0+ S . 37-2 54 
Diisopropyl ether .............seseee0 ; , . 49-0 29 
BI a Nncncindcoct gun tte ssspaancbese S , 34-8 48-4 
WEEOMME:  sccecnsccinecsvcnsassnceee cvs S , 45-0 59-4 
IUD | peccesspacsiecs sscnansdnpndecs : . . " 348 10-5 
SIIB. 200 cee ntreescee cesenebeensavegne ° . ‘ . 53-3 45 
UD soe nse capocesiccbecdcccdoctnns see . ° 39-7 65 
Triethylamine — ........0000 ccs ccccesses : . 47-6 2-9 
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An isothermal for water at 25° has been described by Foster (/oc. cit., 1936, p. 1567, Fig. 9). Dioxan gave 
the erratic results summarised in Fig. 3, isothermals being numbered in the order in which they were determined. 
The gel was not evacuated between runs 2 and 3, or between runs 4, 5, and 6; but between runs 1 and 2, and 
3 and 4, it was evacuated and reactivated at the original temperature of activation, 150°. Equilibrium was 
established very slowly; sometimes samples of gel left immersed in liquid dioxan slowly absorbed the excess 
overnight and appeared quite dry the next day. After run 6 the container was transferred to the low-pressure 
apparatus described in the preceding paper, and the desorption continued down to p = 0-002 mm. by using 
the Pirani gauge. These low-pressure data are in agreement with the Langmuir equation, and are included 
in Table I. The saturation value of 122 mg./g. obtained by extrapolation of these low-pressure data is lower 
than those of Fig. 3. The sorption of m-octane was also examined ig the low-pressure region (see preceding 
paper) and gave a saturation value (54 mg./g.) considerably lower thah that calculated from the high-pressure 
data described here (98 mg./g.). This suggests that too much importance should not be attached to the linear 
plot of p/c against p unless this extends over the entire concentration range, from low pressures up to 
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saturation. In this connection it is noteworthy that Wang (Proc. Roy. Soc., 1937, A, 161, 127) has shown that, 
where the adsorbed molecules interact with mutual repulsion, the relation between p and c begins on one 
Langmuir isothermal and ends on another. 

Fig. 4 shows the isothermal of dioxan on silica gel B, which was quite reproducible and showed none of the 
peculiarities observed with gel A. Here again the measurements were extended down to low pressures. 
From 0-02 to 4:0 mm., p/c = 0-0001 + 0-0005p, whence z = 200 for the saturation value of the first layer. 
The linear middle portion of the isothermal extrapolates back to zero pressure at 220 mg. It has already 


been suggested (Proc. Roy. Soc., 1935, A, 150, 77) that this linear part is associated with the formation of a 
second adsorbed layer. 


Experimental.—The procedure was similar to that previously employed (Foster, loc. cit., 1934). The majority of 
the substances used were purified by the methods described by Weissberger and Proskauer ((‘‘ Organic Solvents,” 
Oxford, 1935). Before use, all were carefully fractionated through a long Scorah column, and the vapour pressure 
checked.. The few vapour pressures (mm. Hg at 25°) which either did not agree with those reported by other workers 
or had not hitherto been recorded were: ditsopropyl ether, 149-3; morpholine, 10-05; triethylamine, 74-15. 

<— results are summarised in Table II, where d, M, and o have their usual significance and gq is the saturation 
value. ' 
DIscussION. 


The majority of the early workers on adsorption found that the volumes of different liquids adsorbed at 
saturation were approximately constant for a given adsorbent. This generalisation, usually referred to by 
the name of its discoverer (Gurwitsch, J. Russ. Phys. Chem. Soc., 1915, 47, 805; Z: physikal. Chem., 1914, 
87, 323), is admirably illustrated by the extensive results of Hallstrom (Diss., Helsingfors, 1920) with a wide 
variety of solids and vapours, but many later workers, including McBain (‘‘ Sorption of Gases by Solids,” 
London, 1932, p. 140), have cast doubt on its general validity. It is evidently inapplicable to the results obtained 
in the present work with gel A (see Table II), where the saturation volumes (g/d) vary from 8 to 220 mm.'/g. 
From Fig. 5, where the number of moles adsorbed at saturation (g/M) is plotted against the molecular 
diameter, it is clear that the lowest saturation values are associated with the largest molecules. Since these 
molecular diameters are calcylated from the well-known relation oc = 1-33 x 10-* (M/d)¥? (Moelwyn-Hughes, 
“ Kinetics of Reactions in Solution,’ Oxford, 1933, p. 15), ¢/M was then plotted against d/M (the reciprocal 
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Taste II. 
Summary of results for silica gel A. 


Substance. q, mg./g. d. q/d. 10*g/M, mols./g. 10°d/M. 
PE EGE cesiisciastescerdhcowsentoosens 190 1-044 32-3 
BID | vonses che vcesisndyece sisepeciotes 143 0-79 
Benzene! ... wriscsbeeineses 176 0-88 
Carbon tetrachloride ? 224 1-585 
Ditsopropy! CURIE ceitgeise cee snesec cee . 0-72 
ROME cnccavtps acctereannssdia<ednts coe 1-03 
Ethyl alcohol * Sabjaeonninatig heute acs 0-785 
n-Hexane .... avian beta ereni 0-655 
Hydrogen cyanide * weapdiveus otessdees 0-715 
BUNS BROOINGE © cnicadsicceccoccovessees 0-787 
PIES | Sen cts. chodvcsccncsccensesceves 0-994 
SIND hee con. shcccndtoans v0h000be0400 see . 0-70 
ME > daa vsneqcuistin canenctedagecsonne 0-862 
TET Si ccctdbacssvievascdsin 0-726 
WREEOT | cepcosceece 0-997 


References : 3 estneis oh Clark, im cit. * Foster, loc. cit. * Maximum value, curve 3, Fig. 3. 
5 Foster and Batchelor (unpublished). 
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of the molar volume), with the result shown in Fig. 6. The best curve through the rather scattered points 
is seen to be a straight line ¢/M = 0-25d/M — 0-0007. Two important deductions may be drawn from this 
relation : (i) The volume adsorbed should reach a maximum value 

of 0-25 c.c./g. when the adsorbed molecule is very small, 7.e., the 12 
second term becomes negligible as d/M increases. (ii)) When ‘ 


Fic. 5. 





d/M = 0-0007/0-25 or M/d = 357 we should find g = 0, i.e., no 
substance with a molecular volume greater than 357 should be 
adsorbed. This corresponds to a molecular diameter of 9-5a., 
whereas the diameter of the triethylamine molecules is 6-9 a. and 
this substance is scarcely taken up by the gel. i 

There is ample evidence therefore that gel A does indeed act 
as a molecular sieve, which large molecules are unable to penetrate, 
although the linear relation between g/M and d/M is rather 
surprising since one would expect to find an abrupt change in the 
amount adsorbed at a certain critical value of the molecular 
diameter. This relation can only be explained by assuming that 
the gel contains tapering capillaries; e.g., Fig. 7 shows that the 
portion of the total adsorption volume cut off by an adsorbed 
molecule will depend on its size. We may consider the “ in- 
accessible ’’ volume V; as equal to that of the cone OAB minus 
that of the hemisphere; i.e., V; = 4na*h — $rr*®. Now h=rsec 6 
and a =yrcosec@, whence V; = 4nr*(sec 6 cosec? § — 2) = Kr? 7 4 5 6 7 3 
for a constant value of @, so the inaccessible volume is directly oA. 
proportional to the volume of the adsorbed molecule and hence , 
to M/d. The actual volume available for oe is the total volume of the assembly of conical pores 
minus the volume of the inaccessible parts ; » V,=V,— Vy or Vs = Vy — KM/d, but since V, = q/d, 
we have g/d = V, — KM/d or g/M = Vd/M _ K, which is the observed relation. 

It is apparent from these considerations that the best test of Gurwitsch’s rule is to plot q against d, rather 
than to inspect the actual values of g/d. The plot should not only be linear but should also pass through 
the origin. Coolidge (J. Amer. Chem. Soc., 1924, 46, 596) found variations from 424 to 490 mm.? per g. of 


charcoal, but it is evident from a large-scale plot of g/M against d/M that his results are in accord with 
Gurwitsch’s rule. 
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TaBLeE III. 
Summary of results on silica gel B. 
Substance. 


The results obtained with silica gel B, summarised in Table III, show no evidence of “ persorption,”’ and 
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the saturation volumes remain reasonably constant, g being proportional to d (Fig. 8). It is true that the 
saturation volume varies from 344 to 385 mm.* per g., but the deviations from the mean (355) cannot be 
correlated with the molecular diameter. The difference in behaviour of the two gels seems to be determined 
by the shape rather than the size of the capillaries, since the actual capillary radii calculated from the water 
isothermals by means of Kelvin’s equation are of the same order, viz., 9 A. for gel A and 10a. for gel B. 
The fact that part of the total pore volume is inaccessible to large molecules implies that part of the total 
surface is also inaccessible, and that the amounts of various substances held in the unimolecular layer should 
also decrease as the molecular size increases. This is illustrated by the data of col. 6 in Table I. The 
inaccessible surface will be proportional to r? and hence to the square of the molecular diameter co, SO we 
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should expect to find “‘ available surface ’”’ = total surface — “ inaccessible ” surface, or N(z/M)o? = S, — Ko* 
or z/M = S,/No* — K/N, i.e., z/M should be a linear function of 1/s* as illustrated by Fig. 9, where the 
data of Table I are plotted in this manner. The equation of the straight line is z/M = 0-102/c? — 0-001, 
whence S,/N = 0-102 or S,, the total surface area per g. of gel = 0-102 x 6-06 x 10°* 4.2 = 6-2 x 10° cm.*. 
It also follows that z/M = 0 when 0-001o* = 0-102 or co? = 102, i.e., ¢ = 10a. as compared with the value 
9-5 a. derived from the corresponding volume relationship. 

It has been suggested (preceding paper) that the linear middle portion exhibited by certain isothermals 
is due to the formation of a second layer, and.that by extrapolation back to zero pressure an approximate 
estimate of the amount held in the first layer (z) can be obtained. The z values derived in this manner are 
recorded in Table III, and the corresponding graph of z/M against 1/o* in Fig. 10. The best curve through 
the points is the straight line z/M = 0-088M/o*, thus demonstrating the absence of “‘ persorption ” on gel B. 
The slope of this curve is 0-088, giving a value of 5-3 x 10* cm.? for the surface area of 1 g. of gel. 

It was suggested by Goldmann and Polanyi (Z. physikal. Chem., 1928, 132, 356) that, where a two- 
dimensional adsorbed layer covers a constant surface area, the product (z/M)(M /d)*/*, which corresponds 
to our. (z/M)s*, should be constant. The actual values which they recorded vary between 1-12 and 1-40, 
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and a plot of z/M against 1/o* gives the linear relation z/M = 0-365/c* — 0-004, which shows that their 
charcoal resembles our silica gel A in its behaviour. It is noteworthy that most of the methods available for 
the determination of the surface area of adsorbents are based on the assumption that at some particular point 
on an isotherm, a unimolecular layer is completed. It is evident that with some types of adsorbent any 


calculation based on measurements with a single substance must necessarily be inaccurate when scoesal is 
a function of the molecular diameter. 
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of gel) is given by 
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and the amount held in the unimolecular layer by ; 

z=0-102M/o*—0001IM ... . - (2) 
These relations break down as M/d reaches 100 and o exceeds 6 a., whereupon g and z eeede identical and 


tend to fall below the calculated values. 

For Gel B simpler relations hold,-viz., Fic. 11. 
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whence it is obvious that there must be a simple relation between 

qgand z. Since o was calculated from M/d by the relation o 

(in a.) = 1-33(M/d)™* or o? = 2-36M/d, we can eliminate both M 
and d from (3) and (4) and obtain the relation 
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s being expressed in A., notcm. In Fig. 11, z/q is plotted against 

¢, and the line drawn with slope 0-105 is seen to pass evenly 

through the experimental points with the exception of that for 

water. This agreement provides further evidence that z, the: 
amount held in the first layer, can be approximately estimated by 

extrapolating back the linear, middle portion of the isothermals ° 

to zero pressure. The only substance’ so far investigated which ! | 
fails to give isothermals of this type on gel B is carbon tetra- 2 4 6 8 

chloride (Foster, locc. cit.). In such cases equation (5) may o, A. 

possibly be of value for the indirect determination of z. 

The behaviour of water is anomalous since equation (4) leads us to expect z = 122, compared with the 
observed value of 40. A similar peculiarity is found with gel A; where equation (2) gives z = 133 compared 
with a value of 50 extrapolated from the linear isotherm and 60 extrapolated from the low-pressure Langmuir 
plot (see preceding paper). This suggests that the water molecule may attach itself to the more active points 
of the gel surface, and that it is the saturation of these, not the complete surface, which gives rise to the 
low-pressure Langmuir isotherm. The linear, middle part (shown in Fig. 1 of the following paper) would then 
correspond to further sorption in the first layer on the less active sites. It is believed that hydrogen cyanide 
shows a similar behaviour on silica gel, and it is hoped to discuss this point in more detail when further data 
are available. Both substances seem to behave normally on ferric oxide gel. 
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90. Comparative Isothermals of Water and Deuterium Oxide on Porous Solids. 
By D. N. Broap and A. G. Foster. 


The pecston isothernials of water and deuterium oxide have been compared at 25° on silica and ferric 
oxide gels and on charcoal. On each adsorbent the relative pressure-volume curves for the two liquids are 
identical. The results on the whole tend to support the capillary theory, although the behaviour of water on 
charcoal presents certain anomalies. aa es 


TuE sorption of water by silica and ferric oxide gels has been investigated by Lambert and Foster (Proc, 
Roy. Soc., 1931, A, 184, 246; 1932, 186, 363) and Foster (Trans. Faraday Soc., 1932, 28, 645) suggested that in 
these systems the shape of the isothermal is determined by the ratio of the diameter of the pores of the adsorbent 
to that of the adsorbed molecule. When this ratio is large, the ‘‘ sorption ” is mainly a capillary condensation 
process, the equilibrium pressures being determined by the Kelvin equation, RT log, p,/p = 2My/or, where 
p, is the saturation pressure of the pure liquid, M its molecular weight, y its surface tension, and p its density, 
all at T° k., and ¢ is the radius of the space in which capillary condensation occurs, which is less than the 
true pore radius by an amount equal to the thickness of the adsorbed layer. 

The S-shaped isothermals of vapours adsorbed on ferric oxide gel are consistent with the view that, after 
the formation of an adsorbed layer one or two molecules thick, the remainder of the pore space fills up by 
capillary condensation (Foster, Proc. Roy. Soc., 1934, A, 147, 128). On most charcoals, however, water is 
the only substance which gives these S-shaped isothermals, other liquids giving ‘‘ normal ” isothermals to which 
the Langmuir equation is generally applicable. McBain (J. Amer. Chem. Soc., 1930, 52, 2198) pointed out 
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that the formation of the unimolecular layer often leaves no room for further sorption of any kind, and sug- 
gested the term “‘ persorption ’’ to describe this special case. In discussing the isothermals of water on char- 
coal, McBain (‘‘ The Sorption of Gases by Solidsy’ p. 148) rejects the capillary theory and attributes the 
anomalous behaviour of water to the polar nature of the molecule. This “ polarisation ’’ theory has, however, 
never been formulated quantitatively, and whereas King, James, Lawson, and Briscoe (J., 1935, 1545) predicted 
that the flat portion of the isothermals of heavy water on charcoal should lie at a lower relative pressure than 
that of the water isothermals, subsequent investigation by King and Lawson (Trans. Faraday Soc., 1936, 82, 
478) failed to confirm this. The latter authors remark that “ in view of the uncertainty of obtaining reproduc- 
ible charcoal surfaces, no special significance can be given to the small differences between the isotherms.” 
Actually, the similarity of the water and deuterium oxide curves is a significant argument in favour of the 
capillary theory. If we compare two liquids A and B at the same temperature, we should expect from the 
Kelvin equation that, when equal volumes are adsorbed and the pores filled to the same level (i.¢., 7, = 13), 
then log, 7,/log, ts = Vyy,/Vuys, where m is the relative pressure and V the molar volume. Now these 
physical constants are known for both ordinary and heavy water, so the difference in the values of Vy for the 
two liquids is easily calculated. For water at 25°, V = 18-06, and for heavy water at 25° (d = 1-104; Lewis 
and Macdonald, J. Amer. Chem. Soc., 1933, 55, 3057), V = 18-11, so the molar volumes of the two liquids 
differ by only 0-03%. It is now fairly certain that the surface tension of heavy water Aloes not differ appre- 
ciably from that of ordinary water, for although the original work of Selwood and Frost (ibid., p. 4355) indicated 
a value some 7% lower, yet Lachs and Minkow (Nature, 1935, 186, 186) reported values of 72-2 and 72-7 for 
heavy and ordinary water, respectively, at 25°, Timmermans and Bodson (Compt. rend., 1937, 204, 1804) 
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found identical values (72-9) at 20°, and Jones and Ray (J. Chem. Physics, 1937, 5, 505) give the ratio for D,O to 
H,O as 0-99946 at 25°. It may therefore be assumed that the product Vy for the two liquids is practically 
identical, so the relative pressures at corresponding volumes should be identical, and the isothermals plotted 
as relative pressure against volume adsorbed should coincide. The “‘ reduced isothermals ”’ of the two liquids 
on silica, ferric oxide, and ‘“‘ Dorsite ’’ charcoal are in fact identical as shown by Figs. 1, 2, and 3. 

The measurements on ferric oxide gel were continued down to about 0-02 mm. by using the Pirani gauge 
technique (see this vol., p. 360). Fig. 4 shows the low-pressure isothermals of the two liquids plotted as actual 
pressure against mols. adsorbed. The curves are again identical. 
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EXPERIMENTAL. 


pl that's used for the alcohol isothermals (roster, ibid., 
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. at (Lewis and Macdonald, Joc. cit. on 
accurate vapour-pressure data for the calibration of the i gat e, the vapour-pressure curve of solid deuterium oxide 
was determined down to — 23°, where the vapour pressure *51 mm. The best curve through the experimental 
_ gave the relation log,, = 9-985 — 2577/T. The oueael procedure was to obtain a reproducible isothermal 

With ordinary water, then to remove as much of this as possible by evacuation at the usual temfperature of activation 
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of the adsorbent, which was then charged with heavy water. After the first desorption run, the liquid removed from 
the gel was rejected, and a fresh sample of heavy water used for the second run. Finally, the water isothermal was 
redetermined in order to make certain that no shift of the isothermal had occurred. 


DISCUSSION. 


The formation of the unimolecular layer takes place according to the well-known Langmuir equation, 
c = zbp/(1 + bp), where z is the saturation value and b a constant, c being the concentration in the adsorbed 
layer at pressure p. If this is written in the form p/c = 1/zb + p/z we see that p/c is a linear function of p, 
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and the slope of the line should be 1/z, whence the saturation value can be found. In Fig. 5 the low-pressure 
points for ferric oxide are plotted in this way and found to follow the relation p/c = 0-016 + 0-455p, whence 
1/z = 0-455 or z = 2-2 millimols. or 40 mg. of water per g. of gel. Since the hysteresis phenomena associated 
with capillary condensation do not appear until a concentration of about 120 mg./g. is reached, it seems likely 
that the adsorbed layer is about 3 molecules thick when condensation begins. In the region of capillary con- 
densation represented by the flat portions of the curves of Figs. 1 and 2, the points for heavy and light water 
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are seen to fall closely on identical curves. In Fig. 6, where the data for silica gel are plotted as radius—volume 
curves (calculated from the Kelvin equation), it can be seen that the points for the two liquids fall on the 
' game curve, as predicted by the capillary theory. : 

The points for heavy water on charcoal, Fig. 3, appear to lie very slightly above those for ordinary water, 
and a close examination of the data in the region of V = 300 mm.*/g. suggests that the former is held at a 
relative pressure some 3% higher than the latter, whereas King and Lawson (loc. cit.) found a difference of 
the order 5% in the opposite direction. Comparison of Fig. 3 with Figs. 1 and 2 shows that the real anomaly 
in the behaviour of charcoal is*that scarcely any adsorption takes place at low pressures before the flat part of 
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the isothermal is reached. This would appear to indicate that no layer adsorption precedes the capillary con- 
densation process. The pressure at which the isothermal flattens out is roughly the same as with ferric oxide 
gel, but the latter is then already holding enough water to form a layer 2 or 3 molecules thick before con- 
densation begins. Now, it has been pointed out by Polanyi (Trans. Faraday Soc., 1932, 28, 316) that capillary 
condensation is essentially a secondary process and will not take place before the surface of the adsorbent is 
covered with a layer at least one molecule thick. Many workers have noticed anomalies in the heat of sorption 
of water on charcoals; e.g., Coolidge (J. Amer. Chem. Soc., 1927, 49, 712) reported negative values, and Allmand, 
Hand, Manning, and Shiels (J. Physical Chem., 1929, 33, 1682) found zero values for the net heat of sorption. 
Another remarkable fact is that even when liquid water is present in the container, the charcoal does not 
appear to be wetted by it. There is thus little doubt that the adsorptive force between the charcoal surface 
and the water molecules is abnormally small and probably does not suffice to overcome the cohesive forces 
between the water molecules, which therefore tend to remain together in bulk rather than to spread over the 
surface. Fowler (‘‘ Statistical Mechanics,’ 2nd edtn., p. 838) has discussed adsorption isothermals where 
there is an attractive force between neighbouring adsorbed atoms, and also the critical phenomena observed 
in the condensation of metal vapours on solid surfaces. Below a certain critical temperature each isotherm 
has an unstable region where, at constant pressure, the amount adsorbed increases abruptly from a small to 
alarge value. There is, of course, no actual discontinuity in the water—charcoal isothermals, but the possi- 
bility that their shape is due to similar causes cannot be ruled out. Although the capillary hypothesis fits 
the silica and ferric oxide gel results adequately, one cannot infer “4 exactly similar mechanism for sorption 
on charcoal. It is quite conceivable that some sort of critical condénsation process as described by Fowler 
might mask a true capillary condensation process; ¢.g., the pressure at which the latter would occur if the 
surface were covered with an adsorbed layer may lie above the critical pressure which must prevail before 
this layer can be formed. In this case, although the pores would eventually be filled with liquid, the Kelvin 
equation could not be applied to calculate the radius. 

The following argument suggests that these conditions are actually realised in the water—charcoal system. 
The point of inflexion on the flat part of the charcoal isothermal occurs at practically the same relative pressure 
(0-56) as that on the ferric oxide isothermal. Thus the most probable pore radius is the same for both 
adsorbents, viz., 18 a. approx., calculated from the Kelvin equation. Now, so far as is known, all liquids 
adsorbed on ferric oxide show evidence of capillary condensation, giving isothermals of the same shape as 
water, whereas no other liquid gives the same type of curve as water on charcoal. An isothermal for ethyl 
alcohol was determined on the charcoal immediately after the experiments with water. Up to a relative 
pressure of 0-6 this was found to follow the Langmuir relation p/c = 0-003 + 0-0031p, according to which the 
unimolecular layer is saturated at 1/0-0031 or 320 mg./g. At this concentration the isothermal is rising almost 
vertically, so there can be little doubt that the unimolecular layer completely accounts for the total sorption. 
Evidence has already been presented to show that about 50 mg./g. of alcohol are needed to complete the first ' 
layer on ferric oxide gel (Proc. Roy. Soc., 1934, A, 147, 136; this vol., p. 360) and that condensation does not 
follow immediately, but only after another layer has been adsorbed. On silica gel B, with a calculated pore 
radius of only 10 a., the sorption of alcohol follows a similar course, with evidence of further layer adsorption 
and cohdensation. The fact that these processes are absent on charcoal can have only the obvious interpre- 
tation, viz., that there is no room for them to take place, i.e., the unimolecular layer completely fills the pores. 
If this is true, however, it follows that our calculated pore radius is incorrect and the true value is not 18 a. 
but probably between 5and 10a. If it were actually as high as 10 a. we might expect the alcohol isothermal 
to resemble that on silica gel, whereas in fact it does not show the linear middle portion characteristic of this 
gel but resembles those of the slightly larger molecules described in the preceding paper, which arise when 
“persorption ”’ occurs. Even if we assume a radius as high as 10 a. we should then expect condensation to 
occur at the same relative pressure as on silica gel (0-35) instead of at the observed value of 0-56. It therefore 
seems likely that on charcoal, the condensation which would occur at or below 0-35 if the first Sasac tans 
completed, cannot in practice take place until the relative pressure is raised to 0-56 to enable this layer to be 
formed. Thus the critical pressure which must prevail before.condensation begins is characteristic, not 
of the condensation process, but of the layer adsorption process. A similar contrast in the behaviour of 
water and carbon disulphide on charcoal is.discussed by Brunauer (‘‘ Physical Adsorption of Gases and 
Vapours,’’ Oxford, 1944, p. 175), who suggests two alternative explanations in terms of dipole attraction between 
water molecules. 
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91. Synthesis of 4-Hydroxy-5 : 6: 2’ : 3’-pyridoquinoline (4-Hydroxy-m- 
phenanthroline). 


By W. O. Kermack and W. TEBRICH. 


Treatment of m-phenanthroline oxide with phosphoryl! chloride yielded 2-chloro-m-phenanthroline and no 
4-chloro-derivative. With sulphuryl chloride, a dichloro-m-phenanthroline was formed. Ethyl 5-amino-4- 
hydroxyquinoline-2-carboxylate been synthesised from m-aminoacetanilide hydrochloride and ethyl sodio- 
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oxaloacetate, and decarboxylation of the free acid yields 5-amino-4-hydroxyquinoline. 4-Hydroxy-m-phenan- , 
throline has been obtained from the latter by the Skraup reaction. Evidence is adduced in favour of the con- 
stitution assigned to the amino-4-hydroxyquinoline and to the hydroxyphenanthroline. 


An attempt has been made to synthesise 4-chloro-m-phenanthroline (II; R = H, R’ = Cl) from m-phenanthro- 
line by a method which works successfully in the quinoline series. Meisenheimer (Ber., 1926, 59, 1852) found 
that, when quinoline oxide is treated with sulphury] chloride, 4-chloroquinoline is formed, whilst if sulphury] 
chloride is replaced by phosphory] chloride a mixture of 2- and 4-chloroquinoline is obtained. Magidson and 
Rubzov (J. Gen. Chem., 1937, 1900) applied this reaction to 6-methoxyquinoline oxide, and though they failed 
to obtain the expected product with sulphury] chloride they isolated both 2- and 4-chloro-6-methoxyquinoline 
from the reaction product with phosphoryl chloride. 

We have found that a mono-oxide of m-phenanthroline (II; R = R’ = H) is readily obtained by the 
action of perbenzoic acid in chloroform, and when this compound was treated with phosphoryl chloride a mono- 
chloro-m-phenanthroline was formed, but this proved to be 2-chloro-m-phenanthroline (II; R = Cl, R’ = H) 
as shown by a mixed melting point with an authentic specimen (Kermack and Webster, J., 1942, 213). Though 
no 4-chloro-m-phenanthroline could be detected, the oxygen atom in the oxide evidently attaches itself as 
expected in the 1-position in accordance with the fact already proved by Kermack and Webster (loc. cit.) that 
in the monomethosulphate the methyl group is also attached in this position and not on the other nitrogen 
atom. Treatment of the oxide with sulphuryl chloride under moderate conditions left the oxide unchanged, 
but heating the mixture in a sealed tube on the water-bath for 3 hours yielded a dichloro-derivative in which 
one of the two chlorine atoms was presumably in the benzene ring. 

In view of this failure to introduce a chlorine atom in the 4-position by this method, recourse was had to a 
synthesis from m-aminoacetanilide and ethyl oxaloacetate by the Conrad and Limpach reaction. It was found 
@ great advantage to use m-aminoacetanilide hydrochloride and the commercially available ethyl sodio-oxalo- 
acetate directly instead of isolating the free ester and base. The salts react in alcoholic solution to yield impure 
ethyl m-acetamidoanilinofumarate, which, when suspended in a large volume of hot paraffin and quickly heated 
to 240°, undergoes cyclisation. The yield of crystalline ethyl 5-acetamido-4-hydroxyquinoline-2-carboxylate 
(I; R = CO,Et, R’ = NHAc) is poor and somewhat variable but no other crystalline cgmpound has so far 
been isolated from the cyclisation product. Hydrolysis of this ester with hydrochloric acid yielded the some- 
what insoluble hydrochloride of 5-amino-4-hydroxyquinoline-2-carboxylic acid (I; R = CO,H, R’ = NH), 
from which the free amino-acid was readily obtained by treatment with dilute sodium acetate solution. De- 
carboxylation of this compound presented difficulties, as tarring readily occurred, but when it was boiled with 
quinoline for 30 minutes in presence of a very small amount of copper chromite decarboxylation took place and 
5-amino-4-hydroxyquinoline (I; R =H, R’ = NH,) was obtained. A Skraup reaction carried out on this 
base under the modified conditions of E.P. 394,416 yielded 4-hydroxy-5 : 6 : 2’ : 3'-pyridoquinoline (II; R = H, 
R’ = OH). 


R’ OH NR | 
(1, COr RH) 
N N 


The above synthesis is not unambiguous, as the cyclisation to the quinoline derivative might form either a 
5- or a 7-acetamido-derivative. That this compound is the 5-acetamido-derivative is probable on account of 
the 5-acetamido-4-hydroxy-2-methylquinoline being formed in the analogous reaction between m-amido- 
acetanilide and ethyl acetoacetate (cf. Kermack and Webster, loc. cit.) Also the m. p. of the resulting 
4-hydroxypyridoquinoline is curiously low, just as is that of the methyl homologue (4-hydroxy-2-methy]l- 
5 : 6: 2’ : 3’-pyridoquinoline, m. p. 142°; 4-hydroxy-2-methyl-7 : 8: 2’ : 3’-pyridoquinoline, m. p. 395°; 
new compound, m. p. 108°). These unusually low melting points may be due to the formation of a chelate ring 
between the hydroxyl group and the adjacent ring nitrogen atom in these compounds. 

Confirmatory evidence of the position of the amino-group was obtained by treating the small amount available 
of the amino-4-hydroxyquinoline in acid solution with nitrous acid. The resulting diazo-compound coupled 
readily in alkaline solution with $-naphthol, but lost nitrogen in hot acid solution only slowly and with diffi- 
culty. The product was tarry and unpromising, but partial purification was effected by high-vacuum distill- 
ation. The compound to be expected on the assumption that the starting material was 5-amino-4-hydroxy- 
quinoline would be 4 : 5-dihydroxyquinoline, recently obtained by Musajo and Minchilli (Gazzetta, 1941, 762). 
According to these authors 4 : 5-dihydroxyquinoline sublimes at 175—195°/0-005 mm., and after recrystallis- 
ation melts at 231—232°. Our product sublimed at about the same temperature and melted at 210—215°. 
The product was evidently slightly impure, but insufficient was available for further purification. It gave 
very characteristic colour tests with ferric chloride which agree exactly with those reported by Musajo and 
Minchilli. 

The unexpected stability of the diazonium compound may be due to the formation of an anhydride with the 
hydroxyl group in the 4-position, so as to yield an oxy-diazine ring. Conrad and Limpach have described the 
formation of an analogous oxydiazole ring on the diazotisation of 3-amino-4-hydroxyquinoline (Ber., 1888, 21, 
1981). It is realised that the above evidence in favour of the location of the amino-group at position 5 of the 
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quinoline nucleus is not conclusive, but taken as a whole it appears to lend high probability to the position 
assigned. 
. EXPERIMENTAL, 


m-Phenanthroline N-Oxide.—Redistilled, dry m-phenanthroline (9 g.), m. p. 75°, dissolved in dry chloroform (40 c.c.), 
was mixed with a cold solution of perbenzoic acid (10 g) in chloroform (450 c.c.) prepared from benzoyl peroxide accord- 
ing to ‘‘ Organic Syntheses,” Coll. Vol. I (Ist Ed.), 422. The mixture was kept below 0° and frequently shaken, the 
reaction, checked by iodometric titration, being corplete after 2 hours. The yellow solution, after being kept in the 
refrigerator over-night, was filtered, concentrated in a vacuum at 30° to 250 c.c., and extracted five times with 4n- 
hydrochloric acid (40 c.c.). A small amount of benzoic acid which separated was filtered from the acid extract, and the 
latter neutralised with 5n-sodium sen a heavy precipitate of fine white needles, (7-3 g.), m. p. 185—187°, being 
obtained. Recrystallised from boiling water, the product had m. p. 188°. For analysis it was dried ina vacuum at 
18° (Found : C, 73-5; H, 4-1; N, 14-6. C,,H,ON, requires C, 73-5; H, 4-1; N, 143%). m-Phenanthroline N-oxide is 
soluble in dilute hydrochloric. acid, alcohol and benzene, moderately soluble in water and acetone, and insoluble in ether 
and alkali. On addition of concentrated hydrochloric acid to an alcoholic solution the dihydrochloride separated in 
yellow needles, m. p. 229°. One mol. required 2 mols. of silver nitrate on Volhard titration. 

Action of hye Chloride on m- go rete N-Oxide.—The oxide (1 g., dried in a vacuum) was mixed with 
freshly distilled phosphoryl chloride (5 g.), the te ture rising to 55°. The yellow mixture was warmed on a boiling 
water-bath for 15 minutes and poured on ice. e resulting grey precipitate (0-5 g., m. p. 275—280°) was sparingly 
soluble in hot water but dissolved on addition of a very little concentrated hydrochloric acid. Neutralisation with 
sodium hydroxide solution gave a colourless flocculent precipitate, m. p. 150°, not depressed by 2-chloro-m-phenanthro- 
line prepared from m-phenanthroline methylsulphate according to German Patent 654,444 (cf. Kermack and Webster, 
loc. cit.). * 

Action of Sulphuryl Chloride on m-Phenanthroline N-Oxide Dihydrochloride under Pressuve.—The dihydrochloride 
(2-5 g-) was heated in a sealed tube with sulphury]l chloride (25 c.c.) on the water-bath for 3 hours. The excess of sulphuryl 
chloride was then filtered off, and the remaining crystalline material (0-7 g.) washed with cold water. It ated from 
hot alcohol in fine colourless needles, m. p. 174—178°. Recrystallised from benzene, the product melted at 187° (Found : 
C, 57-9; H, 2-7. C,,H,N,Cl requires C, 64-7; H,3-1%. C,,H,N,Cl, requires C, 57-9; 2-4%). It was very sparingly 
soluble in hot water, contained no halogen ions, but gavé a positive chlorine test, and therefore was probably a 
dichlorophenanthroline. 

Ethyl 5-Acetamido-4-hydroxyquinoline-2-carboxylate.—m-Aminoacetanilide hydrochloride (18 g.), ethyl sodio-oxalo- 
acetate (21 g.), and absolute alcohol (1700 c.c. containing 0-1 c.c. of concentrated hydrochloric acid) were reftuxed on the 
water-bath for 2 hours, the dark brown solution decanted from sodium chloride, and the alcohol distilled off, first at 
atmospheric and finally under reduced pressure. As the isolation of the condensation product, ethyl m-acetamido- 
anilinofumarate, in a crystalline form was not achieved, the brown gum obtained after removal of the alcohol was directly 
cyclised. It was divided into six equal portions, each of which was vigorously stirred with 200 c.c. quantities of liquid 
paraffin, pre-heated to 150°, and the supernatant emulsion off and rapidly heatéd to 240°. On cooling, the 


cyclisation product separated in yellow , which were off, washed with light petroleum and dried on the 
water-bath; yield 12-0 g., m. p. 180—200°. After yey ory ome from alcohol the was 4-0 g., m. p. 235°; on 
ted crystallisation from alcohol the m. p. rose to ° (Found: C, 60-9; H, 5-2. C,,H,,0,N, requires C, 61-3; 


H, 5-1%). The compound was insoluble in water, benzene, ether and chloroform, and moderately soluble in alcohol, 
methyl alcohol and acetone. : 

5-A mino-4-hydroxyquinoline-2-carbozylic Acid.—Ethyl 5-acetamido-4-hydroxyquinoline-2-carboxylate (4 g.) was 
refluxed with 3-5n- oric acid (100 c.c.) for 2 hours. A solution was formed after 30 minutes, from which, on 
further heating, the hydrochloride of the desired acid separated in yellow leaflets, which were collected after cooling. 
When treated with water, the hydrochloride underwent hydrolysis, oe by addition of some sodium acetate, to 
the free amino-acid (2-7 g.), m. p. 303° ee The Fag a which was insoluble in most organic solvents, but 
readily soluble im sodium carbonate and sodium hydroxide solution, gave a positive diazo-test. For analysis it was 
purified by solution in hot n-hydrochloric acid, precipitation of the hydrochloride by addition of concentrated hydro- 
chloric acid, and hydrolysis to the free base (Found: N, 14:1. C,.H,O,N, requires N, 13-7%). The yellow hydro- 
chloride, like the free amino-acid, melted at 303°, and it seems likely that on heating it loses hydrogen chloride before 
melting. ° 

The sulphate, m. p. 270—275°, was obtained by hydrolysing the acetamido-ester with 3-5n-sulphuric acid. 

5-Amino-4-hydroxyquinoline.—A solution of the amino-carboxylic acid (3-2 g.) in dry quinoline (40 c.c.) containing 
copper chromite catalyst (40 mg.), pagers according to Connor, Folkers, and Adkins (J. Amer. Chem. Soc., 1932, 54, 
1138), was refluxed for 30 minutes. e liquid was filtered, and the quinoline removed by steam-distillation. The 
clear brown solution was evaporated in a vacuum; 5-amino-4-hydroxyquinoline then remained as brown crystals (1-6 g.), 
m. p. 176—178°. Recrystallised from hot water (charcoal), the base separated from the filtrate, to which a drop of 
aqueous ammonia had been added, in almost colourless needles, m. p. 189° (Found : C, 67-0; H, 4-6. C,H,ON, requires 
C, 67-5; H, 5-0%), insoluble in ether and benzene, moderately soluble in water and alcohol, soluble in dilute acids and 
alkali, and easily soluble in acetone. Its alcoholic solution gave a green colour with ferric chloride. 

The hydrochloride crystallised in rectangular prisms, m. p. 251—255°, insoluble in acetone, moderately soluble in 
alcohol, and easily soluble in water. 

4-Hydroxy-5 : 6 : 2’ : 3’-pyridoquinoline.—-5-Amino-4-hydroxyquinoline (0-9 g.), 69% sulphuric acid (10-8 g.), 90% 
glycerol (1-9 g.), and 80% aqueous arsenic acid (3-1 g.) were mixed in the above order and heated in an oil-bath. At 
160° solution was complete. The temperature was raised to 170—180°, and boiling continued for I hour, the diazo-test 
then being negative. The mixture was diluted with an equal volume of water, filtered, and basified with ammonia, 
and the light brown precipitate filtered off and dried over sulphuric acid in a desiccator. Yield 0-6 g.,.m. p. 97—100°. 
The product separated from water in fawn-coloured needles, m. p. 107—108°, containing } mol. of water of crystallisation, 
which was removed at 78° in a vacuum (Found: C, 67-4; H, 4-6; N, 13-0. C,,H,ON,,H,O requires C, 67-4; H, 
47; N,13-1%). The compound was very soluble in alcohol, soluble in ether, moderately soluble in cold and very soluble 
in hot berizene, insoluble in cold, soluble in hot water. - From hot ligroin the base separated in fine needles. The acidified 
aqueous solution showed a blue fluorescence under the arc. 

4: eee (0-2 g.), dissolved in a mixture of concentrated sulphuric acid 
(0-25 c.c.) and water (2 c.c.), was diazotised below 5° (sodium nitrite, 0-1l g.; water, 1 c.c.), and the diazonium solution 
added to boiling sulphuric acid (2 c.c.) of the same concentration in presence of a trace of copper bronze. Copious nitrogen 
evolution took place, accompanied by considerable darkening and . The reaction was exactl 
vith barium hydroxide, and the filtrate evaporated in a vacuum on water-bath. From the residue, a very small 
quantity of pale yellow material sublimed at 180—200°/0-005—0-0025 mm., m. p. 210—215°. Its alcoholic solution 
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gave a violet colour with ferric chloride, changing to green on acidification, and then to pink on addition of sodium t 
bicarbonate. befc 
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92. By-products in Aromatic Nitration. Part II. Nuitration of Diphenyl, and 
Quinoline, and Benzophenone. ne 
By G. M. Bennett and J. F. Grove. ‘ proc 

Alkali-soluble by- —— in the nitration of these three substances have been examined. That from 
diphenyl is 3: 5: 4’-trinitro-4-hydroxydiphenyl. The yellow substance.observed by Dufton (J., 1892, 61, 1 


782) in the nitration of quinoline is shown to be 6 : 8-dinitro-5-hydroxyquinoline, and is accompanied by small 








quantities of an isomeric substance. In the nitration of benzophenone m- and p-nitrobenzoic acids are formed as labo 
by-products, which have been shown to arise from a fission of the nitrobenzophenones by the action of the crys 
mixed acids. A trinitrohydroxybenzophenone has also been obtained from the nitration of 3 : 3’-dinitrobenzo- prod 
phenone. The mechanism of the formation of the hydroxy-by-products is discussed. _ 

qui 


lr was shown in Part I (Bennett and Youle, J., 1938, 1816) that nitrophenolic by-products arise in the nitration, § '™ 
not only of benzene and its homologues, but of nitrobenzene, aromatic sulphones and benzenesulphonyl Cale 
chloride, and that the first step in their production is in all cases the entry of the hydroxyl group into the § {ts j 
aromatic nucleus in the position to be expected under the normal influence of substituents already present, § of 4- 


whether o-, p-, or m-directive. 
A similar examination has now been made of the products of nitrating diphenyl, quinoline and - 
benzophenone. hydi 


After the nitration of diphenyl with cold nitric acid, alkaline extraction of the products yielded 2% of a § prod 
nitrophenolic substance oxidisable by chromic acid to p-nitrobenzoic acid. This by-product was identified as § 5-by 
3: 5: 4’-trinitro-4-hydroxydiphenyl by direct comparison with the normal product of nitration of 4-hydroxy- 
diphenyl (Banus and Guiteras, Anal. Fis. Quim., 1923, 21, 126). Its formation in the nitration of dipheny] is r 
evidently due, in the first place, to hydroxylation of the latter in the normal position for monosubstitution, § phos 
followed by nitration as would be expected in both nuclei. dilut 

In reporting the nitration of quinoline, Dufton (J., 1892, 61, 782) recorded the isolation of a small quantity 
of a by-product formed when quinoline nitrate was added to sulphuric acid and the reaction completed by § of m 
addition of fuming sulphuric acid. This substance, which appeared as a yellow precipitate when the reaction § Calc 
mixture was diluted with water, decomposed at 255° and had the composition of a dinitrohydroxyquinoline. i 
We have found that this by-product, after purification by crystallisation from concentrated nitric acid or 
from acetic acid, decomposes at 292—293°. It is a dinitro-5-hydroxyquinoline, presumably 6 : 8-dinitro-5- 9 ¢ 5; 
hydroxyquinoline, since it is identical with the product of nitrating 5-hydroxyquinoline with fuming nitric acid, I 
and it is quite distinct from the dinitro-8-hydroxyquinoline of m. p. 315° (decomp.) formed by nitration of § dinit 
8-hydroxyquinoline (Dikshoorn, Rec. Trav. chim., 1929, 48, 550). This identification was confirmed by C, 4 
converting the by-product by the action of phosphorus pentachloride into 5-chloro-6 : 8-dinitroquinoline, poor 
m. p. 145-5°, which was also found to be ide 1tical with the product of the action of phosphorus pentachloride on D 
the synthetic dinitro-5-hydroxyquinoline. An attempt to prepare this substance by direct dinitration of § mon 
5-chloroquinoline yielded only the mononitro-compound 5-chloro-8-nitroquinoline (compare Fourneau, Trefouel, 
and Wancolle, Bull. Soc. chim., 1930, 47, 744). That drastic conditions here failed to effect dinitration is a 
striking instance of the way in which a free pole (in the pyridine nucleus) may co-operate with a nitro-group to § 6: 8. 
prevent the further substitution of the benzene nucleus of quinoline. wher 

In the purification of this by-product a second, more soluble, isomeric substance of m. p. 202° was detected. 
The amount of it was, however, small and variable, and in consequence of the loss of a number of specimens by § pitri, 
enemy action its structure has not yet been ascertained. solut 

When benzophenone was nitrated, either with fuming nitric acid in an éxcess of sulphuric acid, or with a § betw 
large excess of fuming nitric acid alone, alkali-soluble material was formed to the extent of about 1% of the 
ketone used. This proved, however, to consist, not of nitrophenolic substances as in the other cases studied, J 4). } 
but of a mixture of m- and p-nitrobenzoic acids. of pt 

Further experiments showed that these acids are the result of a disruption of the nitrated benzophenones § impu 
by the nitrating acids : the products in this nitration are known to contain, besides 3 : 3’-dinitrobenzophenone, 1 
some of the 3 : 4’-dinitro-ketone (Praetorius, Annalek, 1879, 194, 338). A similar yield of the same mixture of I 
nitrobenzoic acids was recovered, for instance, when dinitrobenzophenones from a previous nitration, after} benz 
being freed from by-products, were again heated at 75° with mixed nitrating acids; and pure 3: 3’-dinitro-§} carri 
benzophenone prepared from 3: 3’-dinitrodiphenylmethane by Baeyer’s method (Amnalen, 1907, 352, 192) (com 
yielded under similar conditions m-nitrobenzoic acid free from the p-isomeride, together with a small amount 









t 26 
of a nitrophenol, which is presumably 2: 5: 3'-trinitro-3-hydroxybenzophenone formed in accordance with the filter 
general rule. (A) t 
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Although such a fission of an aromatic ketone by nitrating acid does not appear to have been described 
before, it may perhaps be regarded as a nitration reaction with displacement of the nitrobenzoyl group, some- 
what analogous to the displacement of the aldehyde group in the nitration of vanillin described by Bentley 
(Amer. Chem. J., 1900, 24, 171). This implies that 3: 3’-dinitrobenzophenone should yield, together with 
the m-nitrobenzoic acid, a little m-dinitrobenzene, but the presence of the latter substance was not actually 
observed. 


As regards the mechanism of the formation of the hydroxy-by-products, the nitration involves attachment to 
nuclear carbon of the group NO,, whether this is presented as part of the HNO, molecule or as the NO,* ion, 
and it may be suggested that, just as metallic nitrites in reaction with alkyl halides may yield either nitro- 
compounds or nitrites as a result of a co-ordination of carbon with nitrogen or oxygen respectively, so in the 
aromatic nitration reaction the nitro-group becomes attached to a small extent through its oxygen atom with 
production of the nitrite of a phenol. 


i EXPERIMENTAL. 


The m. p.’s here recorded are uncorrected unless otherwise stated. 

By-product in Nitration of Diphenyl.—Diphenyl (100 g.) was mixed with nitric acid (103 c.c., d 1-45) and kept at 
laboratory temperature with occasional shaking for a month. The product, collected after pouring into water, was 
crystallised from ether, and the mother-liquor shaken with paneene sodium hydroxide. The main part of the by- 
product separated as a bright red sodium salt, which was filtered off, washed with water, alcohol and ether, and decom- 
posed with hydrochloric acid. Further small quantities of the same substance were obtained from the alkaline mother- 
liquor after acidification, and from the original acid mother-liquor of the nitration, by ether extraction, followed by 
removal in aqueous alkali. A pale yellow, crystalline solid was thus obtained and recrystallised from aqueous acetone, of 
m. p. 197° (yield, 2-09 g.), which had the composition of a trinitrohydroxydiphenyl (Found: C, 48-2; H, 2-5; N, 13-8. 
Calc.: C, 47-3; H, 2-3; N, 13-8%). Boiled with chromic acid mixture, this substance yielded p-nitrobenzoic acid. 
Its identification as trinitro-4-hydroxydiphenyl was confirmed by direct comparison with a specimen from the nitration 
of 4-hydroxydiphenyl, which had m. p. 196°, not depressed by admixture of the by-product. 

By-products from Quinoline.—The yellow by-product from the nitration of pure quinoline as described by Dufton 
(loc. cit.) had m. p. 255° (decomp.), but crystallisation from hot nitric acid (d 1-4) at once gave large yellow-brown crystals, 
m. p. 293° (decomp.). This compound, which was evidently not obtained pure by Dufton, is, as he stated, a dinitro- 
hydroxyquinoline (Found: C, 46-2; H, 2-2; N, 17-7. Calc.: C, 46-0; H, 2-1; N, 17-8%), and is identical with the 
product of nitrating 5-hydroxyquinoline. 6 : 8-Dinitro-5-hydroxyquinoline was prepared by careful addition of 
5-hydroxyquinoline (from the 5-nitro-base by Skraup’s method, Monatsh., 1884, 5, 533) to a slight excess of cooled fuming 
nitric acid, and heating at 100° for 2 hours. The product, which separated on dilution, was recrystallised from nitric 
acid. It had m. p. 293° (decomp.) (303° corr.) and a mixture with the by-product showed no depression. 

A mixture of the synthetic 6 : 8-dinitro-5-hydroxyquinoline and phosphorus pentachloride (equal parts) with a little 
phosphorus oxychloride was boiled for a few minutes and poured into water. The precipitated solid was washed with 
dilute alkali, crystallised from alcohol, and finally from petroleum (b. p. 80—100°). 5-Chloro-6 : 8-dinitroquinoline, so 
obtained, formed pale yellow needles, m. p. 145-5°, readily soluble in cold acetone (Found: C, 42-8; H, 1-8; N, 16-9. 
C,H,O,N,Cl requires C, 42-6; H, 1-6; N, 166%). A similar pe. mcg with the by-product gave a chloro-compound 
of m. p. 145-5°, not depressed by admixture of the synthetic substance (Found: C, 43-5; H, 1-9; N, 16-2; Cl, 14-0. 
Calc.: as above and Cl, 14-0%). 

Nitration of 5-Chloroquinoline.—5-Chloroquinoline was heated with a mixture of fuming nitric and fuming sulphuric 
acids at 100° for 2 hours. The product had m. p. 135°, depressed to 105° by addition of the above chloro-compound 
awn o: sayy and analysis showed that it was 5-chloro-8-nitroquinoline (Found: C, 52-4; H, 2-6. Calc.: 

, 51-9; H, 2-4%). ' 

Isomeric Dinitrohydroxyquinolines.—For comparison the nitration of 8-hydroxyquinoline was repeated. The 5: 7- 
dinitro-8-hydroxyquinoline, so obtained, closely resembled the by-product, but had m. p. 318° (decomp.) (Found : 
C, 46-5; H, 2-3; N, 17-5. Calc.: C, 46-0; H, 2-1; N, 17-8%) (Dikshoorn, Joc. cit., gives m. p. 325°). This substance 
was unaffected by heating with phosphorus pentachloride, but the corresponding chlorodinitroquinoline was obtained in 
poor yield by Dikshoorn, using Ullmann and Nadai’s method (Ber., 1908, 41, 1870), and had m. p. 154°. 

Nitration of 7-hydroxyquinoline with fuming nitric acid even in presence of fuming sulphuric acid yielded only the 
mononitro-compound, 8-nitro-7-hydroxyquinoline, m. p. 255° (decomp.) (Found: N, 14-2. Calc.: N, 14-7%). 

A Second By-product.—When the purification of the by-product discussed above was effected by crystallisation from 
acetic acid, a second substance was found in the mother-liquors, separating from acetic acid as a -yellow micro- 
crystalline powder, m. p. 202°, isomeric with the other (Pound: C, 45-8; H, 2-5%). It was more readily soluble than 
6 : 8-dinitro-5-hydroxyquinoline in acetic acid or in nitric acid. The separation of the two was also found to occur 
when the nitration mixture was fractionally precipitated by water, the isomeride of higher m. p. being thrown out first. 

By-products in nitrating Benzophenone.—Benzophenone (100 g.) was nitrated with sulphuric acid (430 g.) and fuming 
nitric acid (100 g.) with final heating at 90° for 1 hour. Alternatively, the ketone was dissolved in 6 parts of fuming 
nitric acid at 70° and heated at 90—95° for 3 hours. The mixture was — on ice, and the whole examined for alkali- 
soluble by-products. In a series of experiments there was always isolated about 1% of solids which melted variously 
between 114° and 190° and had the composition of nitrobenzoic acids (Found, for different specimens: C, 50-3; H, 3-1; 
N, 8-5; and C, 49-9; H, 3-1; N, 8-6. Calc.: C, 50-2; H, 3-0; N, 8-4%). 

In one experiment the crude solid nitration product and the acid aqueous mother-liquor were examined separately ; 
the by-product then isolated from the former was crude m-nitrobenzoic acid, m. p. 114——-115°, not depressed by admixture 
of pure m-nitrobenzoic acid. The material isolated from the aqueous liquor was smaller in amount, and consisted of 
impure p-nitrobenzoic acid, with m. p. 190° (not depressed by an authentic specimen). 

These results are not due to the presence of any trace of ic acid in the ketone used, since a careful repetition of 
the nitration with benzophenone which had been ly melted and shaken under aqueous alkali, gave the same result. 

Direct Fission of Nitrobenzophenones.—(1) Experiments with the nitrated ketone. e isolation of pure 3 : 3’-dinitro- 
benzophenone from the products of nitration by fractional crystallisation is not easy. The nitration was therefore 
carried out in more strongly acid conditions in order to increase the econ of the symmetrical dinitro-compound 
(compare nitration of benzaldehyde by Baker and Moffitt, J., 1931, 314). Benzophenone (100 g.), dissolved in fuming 
sulphuric acid (7% excess SO,: 540 c.c.), was nitrated with a mixture of fuming nitric acid (51 c.c.) and oleum (140 c.c.) 
at 25—30°, the temperature being wenn aged raised to 75° for 1 hour. The cooled mixture was poured on ice, and the 
filtered product recrystallised successively from acetone and acetic acid. The nitration products were thus divided into 
(A) the nearly pure 3 : 3’-dinitrobenzophenone (76 g.), and (B) the material recovered from the mother-liquors (65 g.). 
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When (A) was reheated at 75° for 2 hours with nitric acid (40 c.c.) and concentrated sulphuric acid (5165 c.c.), and the 
mixture examined as before for alkali-soluble compounds, the main substance isolated (1% by weight) had m. p. 126°, 
not depressed by m-nitrobenzoic acid, but in addition there was obtained a small amount of a nitrophenolic substance, 
which separated as a microcrystalline powder from m-cresol and had m. p. 285° (decomp.). This wasaless pure specimen §f (J., 
of the further by-product described below (Found: C, 45-1; H, 2-3; N, 14-56%) 





The material (B), similarly reheated with nitrating mixture, yielded 3% of crude p-nitrobenzoic acid, m. p. 225— ff 7" 
240° after crystallisation from water. alco! 
(2) Experiments with pure 3 : 3’-dinitrobenzophenone. This ketone (70 g.), prepared from m-nitrobenzyl alcohol via § yiel 
the dinitrodiphenylmethane (Baeyer, Joc. cit.) and having m. p. 149-5°, was heated at 75—80° for 2 hours with mixed j 
acid (470 c.c. of sulphuric acid and 37 c.c. of nitric acid), red on ice, and the products examined as before. The by- § this 


products isolated were separated into (a) a fraction soluble in ether (0-98 g.) which after isation from water and ict] 
from benzene had m. p. 135—138° (m-nitrobenzoic acid), and (b) material obtained as a white microcrystalline powder die 
from hot m-cresol, and having m. p. 290°, which was almost pure trinitrohydroxybenzophenone (Found: C, 47-7; H 
2-7; N, 13-7. C,sH,O,N; requires C, 48-4; H, 2-2; N, 13-0%). 


The authors wish to thank Mr. J. Greenbaum for assistance with some of the experiments here recorded. 
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93. Lsters containing Phosphorus. Part I. anil 
By H. McComsiz, B. C. SaunpERs, and G. J. STacEy. . co 
orn 

A convenient method for the preparation of dialkyl chlorophosphonates (dialkoxyphosphoryl chlorides) 

is the treatment of a dialkyl hydrogen “ary soy with Chiectnb ta the cold. The di 1 qalasnphobphonste, Our 
obtained in high yield, is readily identified by the formation of crystalline aminophosphonates with amines. The 
The preparation of dialkyl hydrogen phosphites in high yield without the use of a tertiary base is described. J 
Other methods of obtaining chlorophosphonates are also described. for | 
ditse 


WE undertook, some three years ago, the preparation of substituted phosphoryl chlorides (I, R = alkyl) as the 
intermediates in the preparation of certain compounds, the details of which will be published subsequently. 


R Such compounds may be described as dialkoxyphosphoryl! chlorides or, alternatively, as dialkyl ‘ey 
O=P—OR chlorophosphonates. Three general methods for obtaining compounds of this type have already affec 
\Cl been’ described. (i) Phosphorus oxychloride on treatment with 3 mols. of an alcohol and 3 mols. § 3; ;. 

(I.) of pyridine gives the trialkyl phosphate; this on further treatment with phosphorus oxychloride § 4 
gives a mixture of dialkoxyphosphoryl chloride and monoalkoxyphosphoryl] dichloride (II) (see Gerrard, J., pa 
1940, 1464, who worked with n-butyl alcohol) : hyd 
POCI, + 3C,H,-OH + SC 4H N = PO(O-C,H,); + 3C,H,N,HCl the 

2PO(O-C,H;)s + POCI, = 3PO(O- Hc way 

PO(O:C,H;,); + 2POCI], = 3PO(O-C,H,)Cl, (II.) te: 

The disadvantage of this method, especially for large scale work, lies in the utilisation of large quantities of ' 
pyridine. Furthermore, with ethyl alcohol we find that some ethoxyphosphoryl dichloride (II) is always § The 
produced even under conditions favourable to the production of diethoxyphosphoryl chloride. hyd 


(ii) The action of ethyl alcohol on phosphorus oxychloride gives a mixture of diethoxyphosphory] chloride, 
ethoxyphosphoryl dichloride, ethyl metaphosphate and other products. The diethoxyphosphoryl chloride is § on < 
obtained impure and in poor yield (Walczynska, Roczniki Chem., 1926, 6,110). We find that under favourable 
conditions the method is essentially one for preparing the alkoxyphosphoryl dichloride. I 

(iii) Phosphorus trichloride on treatment with 3 mols. of an alcohol and 3 mols. of pyridine gives the trialkyl § equz 
phosphite (Milobedski and Sachnowski, Chem. Zentr., 1918, I, 911). The latter on chlorination gives the § anili 


dialkoxyphosphoryl chloride (Wichelhaus, Aunalen, Suppl., 6, 269) : — 
PCI, + 3C,H,-OH + 3C,H,N = P(O-C,H,), +3C,H,N,HCl] . - . . .. . (A) filte 

POC, + Ch BOI CMA4 CE 6 oc ek ee es = 

Here again the disadvantage is the pyridine requirement in equation (A). Wichelhaus’s directions were meagre § Pho: 


and incomplete and an account is given in the Experimental Part of the preparation of diethoxy- and ditso- 1.05 
propoxy-phosphoryl chloride by method (iii). The more readily accessible dimethylaniline can be used in § hag 
place of pyridine in reaction (A), thus effecting a considerable economy for large scale work. We have found § and 
also that the production of a faint yellow coloration, due to a slight excess of chlorine, is probably a better J © 2 
indication of the end-point of reaction (B) than is the determination of the increase in weight of the reactants. 

A still more economical method for large scale work was sought, and a further drawbagk of methods (i) 7 
and (iii) is that the complete removal of the tertiary base is sometimes difficult, particularly the elimination } c.c.) 
of traces of pyridine from triethyl phosphite. We therefore carried out the reaction between phosphorus J mix 
trichloride and ethyl alcohol in the absence of a tertiary base and obtained a 93% yield of pure diethyl hydrogen had 


phosphite (IIT), Yiel 
ii HO-C,H, bi 

qenduoeeen ; H slow 

Cai Hoan, — eCoaH > POOH, (IL) + GHC oxte 
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Milobedski (Chem. Polski., 1917, 15, 34, 48) had previously made this compound, but he had 2 mols. of pyridine 
present during the addition of the alcohol. The compound was probably first made by Thorpe and North 
(J.. 1890, 57, 634) by the action of phosphorous anhydride on ethyl alcohol. Sachs and Levitsky (J. Russ. 
Phys. Chem. Soc., 1903, 35, 211) and other workers have mentioned the action of phosphorus trichloride on 
alcohol, but details are generally incomplete and yieldslow. Nylén, however (Ber., 1924, 57, 1029), obtained fair 
yields, but recommended the use of an atmosphere of carbon dioxide. 

We have found that diethyl hydrogen phosphite [perhaps as the tautomeric diethyl phosphonate (IV), but 
this point will be discussed in a later communication] reacts very readily with chlorine to give the required 
diethoxyphosphoryl chloride (V) in 87% yield : ' 


ia , 

PLOGH, <> H+ Ci Cl, MAC NH-C,H, 
NOCH lars , C,H, Lows 5 
O-C=,H, "C,H, "C,H, 

(IV.) ww. (VI.) 


The diethoxyphosphory!l chloride (diethyl chlorophosphonate) was characterised by the crystalline diethyl 
anilinophosphonate (V1) formed by the action of aniline. Michaelis and Schultze (Ber., 1894, 27, 2572) 
prepared a compound by the action of alcohol on anilinophosphoryl dichloride, and to this they gave the 
formula (VI). This compound had m. p. 93°, was decomposed by water, and turned reddish-yellow in air. 
Our compound (m. p. 95°6—96-5°) was recrystallised from water and has remained colourless for 3 years. 
The compounds, therefore, are apparently not identical. 

A similar set of reactions has been carried out in the isopropyl series. On account of our requirements 
for quantities of diisopropoxyphosphoryl chloride, the preparation of this compound and the intermediate 
diisopropyl hydrogen phosphite were examined in great detail. In the preparation of the hydrogen phosphite, 
the temperature of the reaction could be controlled by the presence of a solvent (ether or carbon tetrachloride). 
From the ethereal solution, the hydrogen chloride produced in the reaction was removed as far as possible 
by drawing air through the reaction mixture, and then ammonia; a considerable excess of the latter did not 
affect the yield. With carbon tetrachloride, however, the passage of ammonia could be omitted. Yields of 
diisopropyl hydrogen phosphite of the order of 90% were obtained in each case. Experiments were also carried 
out without a solvent, but in this case the temperature was kept down by cooling the reaction mixture in ice- 
salt. The best yields of the chlorophosphonate were obtained when chlorine was passed slowly into the 
hydrogen phosphite. In our largest scale preparations the chlorine was passed in through a rotating tube, 
the lower portion of which was bent at an angle and terminated by a bulb pierced with small holes. In this 
way the chlorine was distributed evenly to the entire liquid. A slight permanent yellow coloration due to 
excess of chlorine indicated the end of the reaction. 

The removal of excess of chlorine and of hydrogen chloride is very necessary at the end of the reaction. 
The air for this purpose was thoroughly dried. Lead carbonate was essential for the complete removal of the 
hydrogen chloride. ; . 

If the hydrogen chloride were not completely removed, the chlorophosphonate was liable to decompose 
on distillation. 

EXPERIMENTAL. 


Use of Dimethylaniline in the Preparation of Triethyl Phosphite——Phosphorus trichloride (151-2 g.), dissolved in an 
equal volume of dry ether, was added slowly from a dropping-funnel to a mixture of ethyl alcohol (151-8 g.) and dimethyl- 
aniline (399-3 g.) dissolved in dry ether (about 200 c.c.) and contained in a corked flask carrying a calcium chloride 
outlet tube. The mixture was well shaken and t cold by immersion in water. Towards the end of the reaction, 
the mixture set to an almost solid mass, and was then kept at room temperature for 2 hours. The hydrochloride was 
filtered off, the filtrate dried over sodium sulphate, the ether distilled, and the residue fractionally distilled. Yield, 
124 g. (73%), b. p. 48°/12-5 mm. (Found: C, 43-1; H, 9-2. Calc. for C,H,,0,P: C, 43-4; H,9-0%). . 

onversion of Triethyl Phosphite into Diethyl Chlorophosphonate——Dry chlorine was passed through ice-cold triethyl 

dere ype (16-6 g.; 0-1 mol.) until a faint permanent green coloration was produced—this took place when the gain in 

weight was equal to that required by equation (B) (p. 380). Excess of gas was removed by bu wy: Std air through 

the liquid under reduced pressure for 3 hours. The weight of product then indicated that none of the ——— 

had been removed. After treatment with lead carbonate and filtration through kieselguhr, the product was ed, 

_— b. p. 93—95°/18 mm., collected. Yield, 13-7 g. (80%) (Found: Cl, 20-3. Calc. for C,H4,0,CIP : 
h)- 

Conversion of Trii i Phosphite into Diisopropyl Chlorophosphonate.—This was carried out as for the ethyl 

pomneee Yield, 709 ; b. p. 41°/0-08 mm. (Found: Cl, 18-3. Calt,.O,CIP requires Cl, 17-7%). ; 

thyl Hydrogen . hosphi .—(a) With ether as solvent. Phosphorus trichloride (206-1 g.), lved in ether (600 
c.c.), was slowly run into ethyl alcohol (207 g.) in a flask cooled in ice-water, air being meanwhile passed through the 
Se Eee er tnare bite as aemities. After 30 minutes, dry ammonia was passed in, the preci itated 


ai i chloride re: , and ammonia in passed through the filtrate to ensure that all the hydrogen ride 

~ at 195 g. (03%) The ether was then disti and the residue distilled under reduced pressure. B. p. 87°/20 mm, 
ield, 195 g. (93%). 

(b) With carbon tetrachloride as solvent. To alcohol (207 g.), dissolved in carbon tetrachloride (225 c.c.), was 


slowly added phosphorus trichloride (206-1 g.) dissolved in carbon tetrachloride (150 ver Although heat was evolved, 
external cooling was y mixture was refluxed at 90° for 30 mins., and air then passed through it to remove 
hydrogen chloride and low-boiling iquid. On distillation, the main fraction had b. p. 73—74°/14 mm. Yield, 93% 
(Found: C, 35-0; H, 7-9. Calc. forC,H,,0,P: C, 34-8; H, 8-0%). 

Diethyl Chlorophosphonate,—Diethyl hydrogen phosphite (97-2 g.) was cooled in ice-salt, and chlorine passed in until 
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the liquid assumed a yellow coloration. Hydrogen chloride was evolved copiously. The product was distilled under 
reduced pressure. Yield, 105 g. (87%), b. p. 92°/17 mm. (Found: Cl, 20-55. €alc. for CgH,,0,CIP : Cl, 20-5%). 

Diethyl Anilinophosphonate.—The chlorophosphonate (5-2 g.) was added slowly to aniline (5-6 g.) with cooling. After 
1 hour, the mixture was extracted with boiling benzene, and the extract evaporated to a syrup, which crystallised. The 
crystals were washed with ether and recrystallised from water; m. p. 96-5°. They contained N and P, but no Cl (Found: 
C, 52-5; H, 7-4; N, 6-3. C,9H,,O,;NP requires C, 52-4; H, 7-0; N, 61%). The m. p. of a mixture with the anilino- 
phosphonate derived from chlorophosphonate made by the action of chlorine on triethyl phosphite was 95-5—96-5°. 

Diisopropyl Hydrogen Phosphite-—(a) With ether as solvent. Dry isopropyl alcohol (180 g.; 3 mols.) was dissolved 
in dry ether (180 c.c.) and placed in a flask fitted so that dry air could be drawn through the mixture to remove as much 
hydrogen chloride as possible. Phosphorus trichloride (137-5 g.), dissolved in about half its volume of dry ether, was 
slowly run into the alcoholic solution, the flask being immersed in ice-water and shaken at intervals. The mixture was 
kept for 4 hour, with air bubbling through meanwhile, and then dry ammonia was passed through to precipitate 
ammonium chloride, which was removed. Ammonia was again passed through the filtrate to ensure the removal of all 
the hydrogen chloride. After filtration, the ether was distilled, and the fraction, b. p. 79°/14 mm., collected as a colour- 
less mobile liquid miscible with water in all proportions. Yield, 148 g. (89%). B. p.’s were obtained as follows: 79°/14 
mm., 80°/15 mm., 81°/16 mm., 82-5°/17 mm. (Found: C, 43-4; H, 9-1. Calc. for CgH,,0,P: C, 43-4; H, 9-0%). 

(b) With carbon tetrachloride as solvent. The isopropyl alcohol (180 g.) was dissolved in carbon tetrachloride (180 
c.c.) and phosphorus trichloride (137-5 g.), dissolved in carbon tetrachloride (ca. 40 c.c.), was run in, under the conditions 
stated above. The solution was kept for 1 hour and then subjected to reduced pressure in a Claisen flask. The 
temperature was raised slowly to remove.hydrogen chloride and carbon tetrachloride; the residue distilled at 
80—81°/16 mm. Yield, 146 g. (88%). : 

(c) Without a solvent. isoPropyl alcohol (90 g.) was placed in a 1-litre round-bottoméd flask fitted with a water reflux 
condenser and calcium chloride tube.- The flask was cooled in ice-salt and well shaken while phosphorus trichloride 
(68-8 g., 0-5 mol.) was added during 15 minutes. The temperature was then allowed to rise slowly to room temperature. 
Air was passed through the liquid, kept under reduced pressure, for 45 minutes, to remove as much hydrogen chloride 
as possible. On distillation a low bolien fraction was obtained, followed by the main fraction at 80—81°/16mm. The 
residue was small. Redistillation of the lower fraction gave a further small quantity of liquid, b. p. 80—81°/16 mm. 
Total yield, 72-7 g. (86-4%). Smaller yields were sometimes obtained when the scale of operation was increased. 

Diisopropyl Chlorophosphonate.—Chlorine was slowly passed through the hydrogen phosphite (100 g.), in a flask 
cooled in ice-water and shaken at intervals, until a yellow coloration persisted. After 5 minutes, dry air was drawn 
through until the liquid was colourless, and then for about 1 hour longer. Dry powdered lead carbonate (ca. 15—20 g.) 
was then added in small quantities with shaking, and air drawn through the mixture for about 3 hours. The complete 
removal of the hydrogen chloride was usually manifested by the tendency of the lead salts to settle after shaking. A 
small quantity of kieselguhr was then added, and the mixture shaken. After filtration the liquid distilled at 95°/14 
mm, as a mobile liquid, hydrolysed by water. Yield, 92 g. (76%) (Found: Cl, 17-6. C,H,,0,CIP requires Cl, 17-7%). 
The chlorophosphonate was readily identified by formation of its aniline derivative. 0 

Diisopropyl Anilinophosphonate.—Diisopropyl chlorophosphonate (6-0 g.; 0-03 mol.) was slowly added to aniline 
(5-6 g.; 0-06 mol.), the mixture being cooled in ice-water. After 1 hour, the product was extracted with boiling benzene, 
The undissolved aniline hydrochloride was removed, and the filtrate evaporated to give a syrup, which solidified. Re- 
crystallised first from ether-light petroleum (b. p. 40—60°) and then from water, the anilinophosphonate formed white 
needles, m. p. 121—121-5° (Found : C, 55-7; H, 7-7; N, 5-6. C,H, O,NP requires C, 56-0; H, 7:8; N, 5-45%). 


We are grateful to the Director General of Scientific Research Development for permission to publish this work. 
UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. (Received, February 19th, 1945.] 





94, Studies on Phosphorylation. Part I. Dibenzyl Chlorophosphonate as a 
Phosphorylating Agent. 
By F. R. AtHEerton, H. T. OpensHaw, and A. R. Topp. 
Dibenzyl chlorophosphonate has been prepared by the action of chlorine on dibenzyl hydrogen phosphite. 
Although too unstable to be distilled, it can be used in carbon tetrachloride solution as a convenient phosphoryl- 
ating agent. It reacts readily with amines to give the corresponding dibenzyl aminophosphonates, with 


alcohols in the presence of pyridine and with sodium salts of phenols, to give dibenzyl phosphoric esters. The 
benzyl groups in these products can be removed by hydrogenolysis. 


In the course of a search for other mild phosphorylation methods £-hydroxyethyl and f-hydroxypropyl 
um 


phosphates have been prepared from ethylene and propylene oxides by the action of aqueous disodi 
hydrogen phosphate. 


EsTErRs and amides of phosphoric acid play a vital réle in many biological processes and they appear to be 
synthesised and to undergo interconversion in living organisms with great ease. Their preparation in the 
laboratory under mild conditions, however, is still a matter of some difficulty despite the efforts of many workers 
during the past 35 years. In recent papers from these laboratories (J., 1943, 383, 386, 571, 574; 1944, 315, 
318, 476), the development of synthetic methods for the preparation of purine glycosides has been described; 
these papers deal with the first part of a more comprehensive programme of research embracing, amongst 
other objects, efforts to synthesise natural nucleotides which exercise co-enzyme function as well as related 
compounds which might be of value in a study of conditions governing co-enzyme specificity. A necessary 
part of this programme is clearly the elaboration of a convenient method for the phosphorylation of alcohols, 
in particular carbohydrates, and amines. The chief requirements to be met by such a method are that it 
should proceed under conditions which would not destroy sensitive glycosides and that it should be flexible 
enough to be applied to the production of pyro- and poly-phosphoric esters. The present communication 
deals with some of our investigations in this field; as a preliminary to their discussion it is desirable to review 
briefly the known phosphorylation procedures. 
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The first practicable synthesis of phosphoric acid esters of carbohydrates was described by Neuberg and 
Pollak (Biochem. Z., 1910, 28, 515; Ber., 1910, 48, 2060), who treated aqueous sugar solutions with phosphoryl 
chloride in presence of calcium hydroxide or carbonate. E. Fischer (Ber., 1914, 47, 3193) improved upon 
this method by working with phosphoryl chloride in anhydrous pyridine at — 20°, and his procedure has since 
been widely employed in the carbohydrate field, mainly by Levene and his co-workers, and has also been used 
for the synthesis of the phosphory1 derivatives of other alcohols and of amines. The method has been applied 
to the phosphorylation of both protected (Levene and Tipson, J. Biol. Chem., 1934, 106, 113; 1935, 111, 313; 
1937, 121, 131) and unprotected nucleosides (Jachimowicz, Biochem. Z., 1937, 292, 356; Gulland and Hobday, 
J., 1940, 746), but the yields are frequently unsatisfactory, particularly in the cases of adenosine and guanosine. 
Fischer (loc. cit.) showed that the original method of Neuberg and Pollak gave products different from those 
obtained by working in pyridine solution, and Gulland and his collaborators (loc. cit.; Barker and Gulland, 
J., 1942, 231) have converted uridine, guanosine and adenosine into the 3-phosphates by the use of phosphoryl 
chloride and aqueous baryta, again in poor yield. 

Ethyl metaphosphate was introduced as a phosphorylating agent by Langheld (Ber., 1910, 48, 1857; 1911, 
44, 2076), and has been employed to some extent (e.g., Abderhalden, Paffrath, and Sickel, Arch. ges. Physiol., 
1925, 207, 241; Plimmer and burch, J., 1929, 292; McMeakin, ].-Amer. Chem. Soc., 1937, 59, 2383; Neuberg, 
Arch. Biochem., 1943, 8, 105). Fischer (loc. cit.) found this reagent unsatisfactory for the preparation of 
carbohydrate phosphates, probably owing to the insolubility of the sugars in the reaction medium. A further 
objection to its use is the necessity for the subsequent hydrolytic removal of the ethyl group. 

Recently, diphenyl chlorophosphonate has been introduced as a phosphorylating agent; it reacts readily 
in pyridine solution with compounds containing alcoholic hydroxyl groups, and the protecting phenyl groups 
can be removed from the product by catalytic hydrogenation or by hydrolysis under mild acid or alkaline 
conditions (Brig] and Miiller, Ber., 1939, 72, 2121; Bredereck, Berger, and Ehrenburg, ibid., 1940, 78, 269; 
cf. Zeile and Meyer, Z. physiol. Chem., 1938, 256, 131). The reagent has been employed successfully for the 
synthesis of glyceraldehyde phosphate (Baer and Fischer, J. Biol. Chem., 1943, 150, 213, 223) and of phosphoryl- 
choline chloride (Baer and McArthur, ibid., 1944, 158, 451); cytidine-3-phosphate was obtained from trityl- 
cytidine, but treatment of diacetyladenosine with this reagent, followed by hydrolysis, afforded only a small 
amount of adenylic acid (Bredereck et al., loc. cit.). Phenyl dichlorophosphinate (Brigl and Miiller, loc. cit. ; 
Gulland and Hobday, Joc. cit.), anilinophosphony! and dianilinophosphinyl chlorides (Zetsche and Biittiker, 
Ber., 1940, 78, 47) have also been studied as possible phosphorylating agents. 

2:3: 4: 6-Tetra-acetylglucose-l-phosphate has been synthesised by the interaction of silver dibenzyl 
phosphate and acetobromoglucose, followed by removal of the benzyl groups by hydrogenolysis (Zervas, 
Naturwiss., 1939, 27, 317); deacetylation of the product affords §-glucose-l-phosphate (Wolfrom, Smith, 
Pletcher, and Brown, J. Amer. Chem. Soc., 1942, 64, 23). Lynen (Ber., 1940, 73, 367) has prepared acetyl 
phosphate in-a similar manner, but the applicability of this method is clearly limited by the availability of 
the necessary halogen compound. 

In seeking a more satisfactory method for the phosphorylation of sensitive nucleosides we have prepared 
dibenzyl chlorophosphonate (II) and examined its application as a phosphorylating agent. Zervas (loc. cit.) 
mentions that this substance can be prepared from dibenzyl hydrogen phosphate but states that it is so un- 
stable as to be of little use. We have prepared it by the action of chlorine on dibenzyl hydrogen phosphite (1) 
in an inert solvent such as carbon tetrachloride (cf. McCombie, Saunders, and Stacey, preceding paper). Evap- 
oration of the solvent gives the chlorophosphonate as a colourless oil which decomposes on standing or on 
attempted distillation; of its identity there can be no doubt, since it is easily hydrolysed to dibenzyl hydrogen 
phosphate, isolated as its silver salt, and reacts with amines to give'the corresponding aminophosphonates in 
almost theoretical yield. 

For phosphorylation purposes isolation of the free ester need not be attempted; the solution in an inert 
solvent obtained by chlorinating dibenzyl hydrogen phosphite reacts readily with amines, preferably under 
anhydrous conditions, or with alcohols in presence of pyridine, and the products can be debenzylated by 
hydrogenolysis with a palladised charcoal catalyst. 

In this way by reaction with the appropriate amine we have prepared dibenzyl aminophosphonate (III; 
R =H), dibenzyl anilinophosphonate (II1; R = Ph), dibenzyl benzylaminophosphonate (II1; R = CH,Ph), 
dibenzyl a-phenylethylaminophosphonate (II1; R = CHMePh), and dibenzyl cyclohexylaminophosphonate (III; 
R = C,H,,). A carbon tetrachloride solution of dibenzyl chlorophosphonate reacted readily with alcohol in 
presence of pyridine to give dibenzyl ethyl phosphate, hydrogenated to ethyl dihydrogen phosphate (isolated 
as its barium salt). An observation which may be of significance in developing methods for polyphosphoryl- 
ation is that the hydrogenation of dibenzyl isoamyl phosphate could be interrupted after 1 mol. of hydrogen 
had been absorbed and benzyl isoamyl hydrogen phosphate was then isolated as its silver salt. 

Dibenzyl chlorophosphonate does not appear to react under ordinary conditions with phenols, but it reacts 
with their sodium salts with great ease; for example, with sodium §-naphthoxide a thick oil is formed which on 
hydrogenation gives §-naphthyl dihydrogen phosphate in excellent yield. These preliminary studies with 
dibenzyl chlorophosphonate are being extended in various directions. 


—HCl R 
(CH,Ph-0),P-OH + Cl, ——> (CH,Ph-O),POCI vain 4 (CH,Ph-0),PO-NHR 
(I.) (II.)° (III.) 


‘ 
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In the course of our search for mild phosphorylation methods we devoted some attention to the observation 
of Bailly (Ann. Chim., 1916, 6, 133) that a-glyceryl dihydrogen phosphate is formed from glycide alcohol and 
disodium hydrogen phosphate in aqueous solution at room temperature. Although very attractive on account 
of the mild conditions of reaction, this method is limited by the availability of ethylene oxide derivatives, 
Using it, we have, however, prepared 8-hydroxyethyl dihydrogen phosphate and §-hydroxypropy! dihydrogen 
phosphate from ethylene oxide and propylene oxide respectively and we intend to examine its applicability 
to certain carbohydrate derivatives. 


EXPERIMENTAL. “ 


Dibenzyl Hydrogen Phosphite-—To an ice-cold solution of phosphorus trichloride (147-5 g.; 1 mol.) in dry benzene 
(750 c.c.) a mixture of dimethylaniline (242 g.; 2 mols.) and benzyl aicohol (216 g.; 2 mols.) was added dropwise with 
continuous stirring during 2 hours. Stirring was continued for a further $ hour, more benzyl alcohol (108 g.; 1 mol.), 
then added in like manner (20 mins.), and the mixture left overnight at room temperature. Water (500 c.c.) was now 
added to dissolve precipitated dimethylaniline hydrochloride, and the benzene layer separated, washed in turn with 
water (2 portions of 500 c.c.), 5N-ammonia (2 portions of 500 c.c.), and water (2 portions of 500 c.c.), and drjed over 
anhydrous sodium sulphate. Evaporation of the benzene under reduced pressure left a pale yellow oil, from which 
remaining traces of benzyl chloride were removed by stripping at 100°/10-*mm. The residue (190 g.) was now subjected 
in portions of 40—50°g. to slow distillation under 10-* mm., from an electrically heated retort. The main bulk of dibenzyl 
hydrogen phosphite (149 g.; 57%) distilled at 110—120° as a colourless oil, n}f* 1-5521 (Found : C, 64-3; H, 5-8; P, 12-4, 

1sH1,,0,P requires C, 64-2; H, 5-7; P, 11-8%).’ At — 5° the pure ester set to a mass of colourless crystals which melted 
tween 0° and 5°. 

Dibenzyl hydrogen phosphite decomposes when heated to 160°, but prolonged heating at lower temperatures (ca. 
120°) may at times have the same effect. For this reason care should be taken as purity of ing materials 
and distillation should be carried out in a high vacuum, not more than 50 g. being distilled in one operation. istillation 
of larger amounts is a capricious and at times rather dangerous operation, since decomposition of the ester is strongly 
exothermic and leads to the production of a white resinous polymer and considerable quantities of phosphine. ~ 

Dibenzyl Chlorophosphonate.—Dibenzyl hydrogen geenphits (39-3 g.), dissolved in carbon tetrachloride (200 
c.c.), was cooled to — 15°, and a solution of chlorine in‘ carbon tetrachloride (200 c.c. of 1-4w) added dropwise with 
stirring, the temperature being kept below — 10°. Dry nitrogen was now passed through the liquid to remove excess 
of chlorine and hydrogen chloride (ca. 1} hours). For phosphorylation purposes the carbon tetrachloride solution thus 
obtained was normally used directly without isolation of the ester. Evaporation of the solution in a vacuum at room 
temperature gave dibenzyl chlorophosphonate as a thick oil which decomposed on standing or on attempted distillation. 
Inability to distil and adherent hydrogen chloride made analysis of the ester unsatisfactory, but its reaction with amines 
to give the corresponding dibenzyl aminophosphonates (see below) in nearly quantitative yield leaves no doubt as to its 
identity. The same — is obtained when chlorination is carried out in ether or chloroform solution. 

Silver Dibenzyl P. peep cer onl (10 c.c.) and pyridine (30 c.c.) were added to a solution of dibenzy! chlorophos- 
phonate (from 4 g. of dibenzyl hydrogen phosphite) in carbon tetrachloride (100 c.c.), and the mixture kept at room 
temperature for several days. The liquid was now evaporated, and the residue dissolved in water (50 an) neutralised 
(phenolphthalein) with sodium hydroxide, and extracted with ether to remove pyridine. Acidification of the aqueous 
layer with sulphuric acid gave an oil, which was taken up in chloroform (120 c.c.), and the solution dried and evaporated. 
Barium hydroxide solution was added to the residue until neutral to phenolphthalein, and the milky liquid made up to 
200 c.c. with water, heated to boiling, filtered, and concentrated to 50c.c. Aqueous silver nitrate (5 g. in 10 c.c. of water) 
was added to the hot solution; on cooling, silver dibenzyl phosphate (2-8 g.) separated as colourless crystals (Found : 
Ag, 27-8. Calc. for C,,H,,0,PAg 4 Ag, 28-0%). P 
_ Dibenzyl Aminophosphonate.—A solution of dibenzyl chlorophosphonate (from 6-55 g. of dibenzyl os phosphite) 
in carbon tetrachloride (125 c.c.) was cooled to — 10° and saturated with ammonia. The mixture was kept at — 10° 
for 5 mins., then at room temperature overnight, and the excess of ammonia removed by a stream of nitrogen. The 
mixture was now heated to boiling, filtered, the filter residue extracted with hot carbon tetrachloride, and the combined 
filtrate and extract concentrated and allowed to cool. Dibenzyl aminophosphonate (6-3 g.; 91%) separated as colourless 
needles. The crude product had m‘ p. 98—100°, raised to 103-5—104-5° by recrystallisation from carbon tetrachloride 
(Found: C, 60-1; H, 5-8; N, 5-0. C,,H,,0,NP requires C, 60-6; H, 5-8; N, 50%). Dibenzyl aminophosphonate 
was also obtained in slightly lower yield by shaking a carbon tetrachloride solution of dibenzyl 7 fers oe. with 
aqueous ammonia. 

Dibenzyl Anilinophosphonate.—Dibenzy] chlorophosphonate (from 13-1 g. of dibenzyl hydrogen phosphite) in carbon 
tetrachloride (260 c.c.) was cooled to — 10°, and excess of aniline (20 c.c.)-added with shaking. After 5 mins., the 
mixture was removed from the cooling bath and kept at room temperature overnight. After washing with dilute hydro- 
chloric acid and water the carbon tetrachloride solution was dried over anhydrous sodium sulphate and eva ted. 
The thick syrup which remained set to a mass of plates (17-3 g.), m. p. 80—86°. Recrystallisation first from hexane- 
ethylene dichloride and then aqueous alcohol gave dibenzyl fee as colourless plates, m. p. 91—92:5° 
(Found: C, 68-2; H, 5-5; N, 4:3. CygH,gO,NP requires C, 68-0; H, 5-7; N, 40%). 

By exactly similar methods the following substances were prepared. - 

Dibenzyl cyclohexylaminophosphonate, colourless needles from hexane, m: p. 79—80° (Found: C, 67-1; H, 7-4; N, 
4-0. Cy H,,.O,NP requires C, 66-8; H, 7-2; N, 3-9%). Yield, 95%. . ; 

Dib l benzylaminophosphonate, colourless needles from hexane—benzene or hexane-ethylene dichloride, m. p. 
84—85° (Found: C, 68-4; H, 5-9; N, 4-0. C,,H,,O,NP requires C, 68:7; H, 6-0; N, 38%). Yield of crude product 
(m. : ca. 80°), theoretical. 4 

benzyl a-phenylethylaminophosphonate, colourless prisms or needles from hexane or cyclohexane, m. p. 81—82° 
(Found : C, 69-1; H, 6-1; N, 3-7. C,gH,,O,NP requires C, 69-3; H, 6-3; N, 3-7%). Yield crude (m. p. 75—80°), 98%. 

Barium Ethyl Phosphate.—Absolute alcohol (20 c.c.) and dry pyridine (50 c.c.) were added toa car tetrachloride 
solution (200 c.c.) of dibenzyl chlorophosphonate (from 8 g. of dibenzyl hydrogen phosphite), and the mixture left for 
4 days at room temperature? It was now evaporated under reduced pressure, dilute hydr oric acid (200 c.c.) added 
to the residue, and the mixture extracted with ether. Evaporation of the dried ethereal solution gave crude dibenzyl 
ethyl phosphate as a thick oil, which was dissolved in alcohol (150 c.c. of 95%), refluxed for 1 hour with Raney nickel 
(0-5 g.), filtered, and shaken with hydrogen at atmospheric pressure in presence of palladised charcoal (10% Pd) till no 
more hydrogen was absorbed. The catalyst was removed, the filtrate evaporated, and the residue taken up in water 
(200 c.c.) and neutralised (phenolphthalein) with barium hydroxide. Precipitated barium phosphate was removed, and 
the filtrate conceritrated in a vacuum to small bulk (26 c.c.). On addition of alcohol (100 c.c.) the monohydrate of barium 
monoethyl phosphate crystallised (4-3 g.; 50%) (Found: Ba, 48-8. Calc. for C,H,0O,PBa,H,O: Ba, 49-2%). 
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Silver Benzyl. isoAmyl Phosphate.—The solution of dibenzyl chlorophosphonate employed was p 
hydrogen phosphite (13-1 g.) by diluting with carbon tetrachloride (5 c.c.) and passing in chlorine 
The product was diluted with chloroform (15 c.c.), added to a mixture of isoamyl alcohol (8-8 g.) and dry Phe 
c.c.), and left overnight. More chloroform (60 c.c.) was added, and the mixture washed successively with hydro- 
chloric acid, sodium bicarbonate solution, and water, dried over anhydrous sodium sulphate, and evaporated. The 
crude dibenzyl isoamyl phosphate obtained was dissolved in aqueous methanol (250 c.c. of 70%), n-butylpiperidine 
(9.g.) added, and the solution shaken with hydrogen in presence of palladised charcoal (10% Pd). Absorption of hydrogen, 
at first fairly rapid, slowed after 1 molecular proportion had been taken up; the hydrogenation was stopped, the catalyst 
removed, and the filtrate evaporated ina vacuum. The residue was dissolved in water (300 c.c.), and #-butylpiperidine 
removed by steam-distillation under reduced pressure, barium hydroxide being added gradually during the distillation 
to = the solution weakly alkaline. The resulting solution was made just acid (phenolphthalein) with sulphuric acid, 
filter pate charcoal, and silver nitrate (50 c.c. of 20%) added. After filtration and concentration to small bulk 
under reduced pressure silver benzyl poring ew hate (5- g. separated as colourless needles (Found: C, 39-5; H, 5:1; 
Ag, 29-4. Ci; g0,PAg uires es 39-5; > 4- 4 Ag, 29- b)- 

B-Naphthyl Dihydvogen hosphate —A —— of sodium £-naphthoxide (from 8-64 g. of f-naphthol) in toluene 
(300 c.c.) was cooled to — 5°, and a solution of dibenzyl chlorophosphonate (from 7-86 g. of dibenzyl hydrogen phosphite) 
in carbon tetrachloride (96 c.c.) added slowly with stirring so that the temperature was maintained at — 5°. After 
being stirred for a further 2 hours, the mixture was left overnight at room temperature. Water was added, and the 
= separated by addition of more carbon tetrachloride (200 c.c.). The lower layer was ta: off, washed with sodium 

ydroxide solution and water, dried over anhydrous sodium sulphate, and evaporated. e residual oil was dissolved 
in chloroform and chromatographed on activated alumina. On development with chloroform, dark-coloured impurities 
were retained on the adsorbent and di 1 £-naphthyl phosphate passed through and was isolated as an orange- 
coloured oil (11 g.) on evaporation of the solvent. The oil was dissolved in methanol (300 c.c.), refluxed with Raney 
nickel, filtered, and hydrogenated at atmospheric pressure in presence of N-methylmorpholine (10 c.c.) and a palladised 
charcoal catalyst (10% Pd). Hydrogenation in this instance was slow owing to poisoning of the ca Ww had to 
be renewed during the operation; it ceased after absorption corresponding to 2 mols. of hydrogen had occurred. The 
solution was now filtered and evaporated. The residue was evaporated twice with water, dissolved in water again, 
and traces of oily impurities removed by ether extraction. When the solution was acidified, a gummy precipitate was 
obtained, which was collected and dissolved in absolute alcohol, the solution evaporated, and the residue brought to 
crystallisation with a small amount of chloroform. The crude product (6-4 g.; 80%) had m. p. 165—166° and on 
recrystallisation from chloroform—alcohol gave colourless plates of 8-naphthyl h m phosphate, m. p. 172—173°, 
undepressed by an authentic specimen prepared by h ysis of B-naphthyl di op. inate. 

Disilver B-Hydroxyethyl Phosphate.—A solution of ethylene oxide (8-8 g.; 1 — water (54 c.c.) was added to 
a se disodium hydrogen B yey spare (71-6 g.; 1 mol. in 500 c.c. of water), and the mixture kept for 21 days. A 

ution of barium acetate (82 g.) in water (200 c.c.) was added, precipitated barium phosphate removed, and the filtrate 
concentrated to small bulk. On cooling, barium ye eae ge apn wr ae separated as colourless plates (38 g.; 64-5%). 
This product was converted into the s#lvery salt by solution in the minimum quantity of boiling water and addition of, 
silver nitrate (Found: Ag, 60-0. C,H,O,PAg, es poy 60-6%). 

Disilver B-Hydro - l Phosphate.—Prep in similar fashion by the action of disodium hydrogen phosphate 
on os cs oxide, B- xypropyl phosphate gave a silver salt crystallising in colourless needles (yield, 41 of) (Found : 
C,9-4; H,1-9. C,H,O,PAg, requires C, 9-7; H, 1-9%). 


Our thanks are due to Roche Products, Ltd., for a scholarship held by one of us (F. R. A.). 
I 


UNIVERSITY OF MANCHESTER. 
UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, February 19th, 1945.] 





95. Olefinic Acids. Part I. The Reactivity of «-Bromocrotonic Acid. 
By L. N. Owen. 


The halogen atom in a-bromocrotonic acid is sufficiently reactive to yield the hitherto unknown o———- 
and a-ethoxy-crotonic acids when treated with the appropriate sodium alkoxide or alcoholic alkali. T 
simultaneous formation of f-alkoxycrotonic acids has obseryed, and with isopropanol and éert.-butanol 
the main products are f-isopropoxycrotonic acid and f-tert.-butoxycrotonic acid. The mechanism of the reaction 
is discussed, and the absorption spectra of the compounds, which show characteristic differences in the a- and 
B-series, are recorded. 


Tue halogen atom in a-chlorocrotonic acid is known to be remarkably stable; the acid cannot be converted 
into tetrolic acid, and is unaffected by boiling alcoholic potash or sodium ethoxide at 215° (Sarnow, Annalen, 
1872, 164, 96; Kahlbaum, Ber., 1879, 12, 2338; Friedrich, Amnalen, 1883, 219, 322). Apart from a brief 
statement by Michael and Pendleton (J. pr. Chem., 1888, 88, 1) to the effect that «-bromocrotonic acid “ loses 
hydrogen bromide ’’ when heated with dilute alkali, the only indication of the greater reactivity of the bromo- 
acid is to be found in the recent observation of Backer and Oosten (Rec. Trav. chim., 1940, 59, 41), who have 
shown that it may be converted into a-arsonocrotonic acid by treatment with sodium arsenite. Before the 
latter paper was available, the present author had noted the reactivity of a-bromocrotonic acid towards alcoholic 
alkali, and a further investigation was thought to be desirable. 

«-Bromocrotonic acid (I) was unaffected by cold sodium alkoxides, but on boiling with an excess of meth- 
anolic sodium hydroxide or sodium methoxide it gave crystalline a-methoxycrotonic acid (II; R = Me), accom- 
panied by a small amount of 8-methoxycrotonic acid (III; R = Me). The latter compound gave acetoacetic 
acid (IV), isolated as the 2 : 4-dinitrophenylhydrazone, on cold acid hydrolysis. The structure of (II; R = Me) 
was confirmed by the following observations : (i) On hydrogenation it was smoothly converted into «-methoxy- 
butyric acid (p-phenylphenacyl ester, m. p. 82°), (ii) a-ketobutyric acid (V) was obtained by acid hydrolysis, 
and (iii) acetaldehyde and oxalic acid were formed on ozonisation. The necessity of establishing the position 


~ 
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of the ethylenic linkage in this acid was emphasised when it was found that «-bromo-$8-dimethylacrylic acid 
on treatment with sodium methoxide yielded mainly «-methoxy-$-methylenebutyric acid (the experimental 
evidence for this isopropylidene—isopropeny] isomerisation will be given in a later paper in this series). 


CH,-CH:C(OR)CO,H <— CH,CH:CBrCO,H —» CH,CiC-CO,H —» CH,C(OR):CH-CO,H 


= (I.) | ee jer | (III.) 


CH,°CH,°CO-CO,H CH,°CH(OR)-CHBr-CO,H CH,°CO-CH,°CO,H 
(V.) (VIII.) (IV.) 
a-Bromoisocrotonic acid underwent a similar reaction, though less readily, longer heating being necessary 
for complete removal of the halogen. The a-methoxycrotonic acid so prepared was identical with that 
described above, and it was also obtained directly from «$-dibromobutyric acid. This would be anticipated 
from the known transformation of the latter acid into a mixture of «-bromocrotonic and a-bromoisocrotonic 
acids by treatment with alkali (inter alia, James, J., 1910, 97, 1565). 

By similar procedures, crystalline «-ethoxycrotonic acid was prepared, but it was accompanied by a con- 
siderable quantity of B-ethoxycrotonic acid. This increased yield of the B-derivative made it of interest to 
extend the reaction to higher alkoxides, and it was found that potassium isopropoxide gave mainly {-iso- 
propoxycrotonic acid; only a small amount of the «-isomer was formed. With potassium #ert.-butoxide, the 
sole product appeared to be -tert.-butoxycrotonic acid. The latter substance was also obtained, though in 
very small yield, from «-chlorocrotonic acid. 

There are two possible routes by ‘which the formation of $-alkoxycrotonic acids (III) may be envisaged. 
The «-bromocrotonic acid (I) may suffer loss of hydrogen bromide to give tetrolic acid (VII), from which (III) 
might be formed by addition of alcohol. Alternatively, (I) may react additively with the alcohol to give an 
a-bromo-f-alkoxybutyric acid (VIII), which by loss of hydrogen bromide could give (III). Feist (A mnalen, 
1906, 345, 104) suggested that tetrolic acid is capable of undergoing addition of alcohol, and it has now been 
shown that this does occur very readily; §-methoxy- and @-tert.-butoxy-crotonic acids were prepared by this 
methed. The second mechanism is supported by the observation that synthetic «-bromo-B-ethoxybutyric acid 
gives a high yield of 8-ethoxycrotonic acid when heated with alcoholic potassium hydroxide. K®6gl, Veldstra, 
and Laan (Amnalen, 1942, 552, 1) have carried out a similar reaction with «-bromo-$-methoxybutyric acid. 

Both routes are therefore possible insofar as the final stage is concerned, but it is more difficult to assess 
the relative probabilities of the transformation of (I) into (VII) or (VIII). The conversion of «-bromocrotonic 
acid into 8-sulphocrotonic acid by the action of ammonium sulphite (Backer and Beute, Rec. Trav. chim., 


1935, 54, 551) is most likely to occur by addition to the ethylenic linkage, followed by loss of hydrogen bromide, 
but this is of little significance in view of the readiness with which sulphites enter into addition reactions. 
Again, Carter and Ney (/. 7 Chem. Soc., 1942, 64, 1223) have shown that ethyl a-bromocrotonate gives 


an excellent yield of ethyl o“bromo-$-methoxybutyrate when treated with sodium methoxide, but since 
addition is known to occur more readily to unsaturated esters than to unsaturated acids, this does not neces- 
sarily support the second mechanism. This difference in ease of addition is clearly indicated by the fact that, 
although the ester undergoes addition in preference to substitution, the acid, when reacting with sodium 
methoxide, gives mainly a-methoxycrotonic acid. The increased yield of the B-substituted derivative obtained 
with the higher alcohols is obviously significant, but little appears to be known of the relative reactivities of 
alcohols towards an ethylenic linkage. Beyerstedt and McElvain (J. Amer. Chem. Soc., 1936, 58, 529) have 
shown, however, that ¢ert.-butanol does not react with keten acetal under conditions effective for ethanol; 
if this observation is of general application, it would appear that the second mechanism is the less probable. 
Attempts to interrupt the course of the reaction of «a-bromocrotonic acid with alkoxides, in the hope of isolating 
one or both of the postulated intermediates, were not successful, and at present it is not possible to state 
whether one or both mechanisms are involved. 

a-Methoxycrotonic acid reacted smoothly with diazomethane or with methyl iodide and silver oxide to 
yield methyl a-methoxycrotonate, characterised as the crystalline amide. It was hoped that it would be possible 
to cause this ester to undergo addition with alcohols, but it was quite inert towards cold or hot sodium methoxide 
solution, and was also unaffected by treatment with diazomethane; in the latter respect it resembles ethyl 
6-methoxycrotonate (Pechmann, Ber., 1895, 28, 1624). However, it reacted readily with methanolic hydrogen 
chloride, the methoxyl residue becoming attached in the a-position, to, give methyl aa-dimethoxybutyrate, the 
structure of which was proved by hydrolysis to a-ketobutyric acid. These results are in harmony with the 
supposition that the influence normally exerted on the ethylenic linkage by the electron-attraction of the 
carboxyl group is overshadowed by the + T effect of the methoxyl group. 

A difference in the relative reactivities of «-bromocrotonic acid and its cis-isomeride havng been abserved 
with alcoholic alkali, it was then of interest to examine the effect of aqueous alkali. Michael and Pendleton 
(loc. cit.) observed that «-bromoisocrotonic acid was more resistant to this reagent than a-bromocrotonic acid, 
but did not investigate the products of the reaction. It has now been found that both acids are transformed 
into a-ketobutyric acid, though at very different rates (see Fig.). The results indicate that a-bromoiso- 
crotonic acid may be freed from smal! amounts of its trans-isomer by treatment for one hour with an excess 
of n-alkali at 100°. Under these conditions the latter acid is completely converted into keto-acid, whereas 
only 20% of the former is destroyed. It was observed that a’specimen of the cis-acid (m. p. 91°) was partly 


a 





(1945) The Reactivity of «-Bromocrotonic Acid. 387 


jsomerised on standing in a stoppered bottle, unprotected from light, for a year; the material then had m. p. 
15—81°, and from its behaviour with alkali [Fig.; curve (e)] was evidently a mixture of cis- and trans-forms. 
The facile decomposition of a-bromocrotonic acid with hot aqueous alkali is of importance in connection 
with the experiments of earlier workers on the elimination of hydrogen bromide from «$-dibromobutyric acid 
and its esters. According to the majority of investigators (compare James, /oc. cit.) the use of alkali hydroxides 
gives mainly «-bromoisocrotonic acid, m. p. 92°, but Ingold, Oliver, and Thorpe (J., 1924, 125, 2128) claimed 
that a quantitative yield of «-bromocrotonic acid, m. p. 106°, was obtained by boiling ethyl «8-dibromobutyrate 
with aqueous alkali. In the light of the experiments already mentioned, it is evident that the trans-acid 


would not survive such treatment, and repetition of this saponification has shown that the main product is 
a-bromoisocrotonic acid, m. p. 92°, obtained in 65% yield. 


The Action of Alkali on a-Bromocrotonic and a-Bromoisocrotonic Acids. 


a 
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(d) a-Bromoisocrotonic acid in 0-1n-NaOH. 


” » », Oln-NaOH. (e) Old specimen of a-bromoisocrotonic 
(¢) a-Bromoisocrotonic acid in N-NaOH. acid in n-NaOH. 


°) a-Bromocrotonic acid in n-NaOH. 
The absorption data for the a- and $-alkoxycrotonic acids are shown in the table. The #-compounds 
absorb more strongly, and at longer wave-lengths, than their «-isomerides. 


Light Absorption of Alkoxycrotonic Acids in Alcohol. 
Amax.» A. - &max.- Ames.» &- 

a-Methoxy ............... 2230 9400 2340 
G-Ethoxy ........0 eee eee 2200 8700 ~ 2320 14,600 
a-isoPropoxy 2230 8100 B-isoPropoxy .........++. 2370 15,300 
2260 * 7700 2420 * 15,000 
B-tert.-Butoxy 2370 14,500 
2420 * 13,700 

* Inflection. 


EXPERIMENTAL. 
. eo 80") were removed under reduced pressure. Light petroleum, unless stated otherwise, refers to the fraction, 
. p. 40—60°. 


_a-Bromocrotbnic acid, m. p. 106°, and a-bromoisocrotonic acid, m. p. 92°, were prépared from af-dibromobutyric 
acid, m. p. 87°, by the methods of Pfeiffer (Ber., 1915, 48, 1048) and James (J., 1910, 97, 1572) respectively. 
a-Methoxycrotonic Acid.—(i) To a solution of a-bromocrotonic acid (5-6 g.) in methanol (5 c.c.), methanolic potassium 
hydroxide (28 c.c., 3-76) was added, and the mixture refluxed for 6 hours, the suspension of potassium a-bromo- 
crotonate disappearing and being replaced by a granular precipitate of potassium bromide. After removal of solvent, 
the residue was dissolved in water and acidified with hydrochloric acid. A small amount (45 mg.) of 8-methoxycrotonic 
acid, m. p. 130°, was removed, and the filtrate extracted three times with ether. Evaporation of the dried extracts 
gave a solid residue (3-6 g.) of a-methoxycrotonic acid, which was readily soluble in water and the usual organic solvents, 
except light petroleum (b. p. 60—80°), from which it crystallised in needles, m. p. 58° (Found: C, 51-6; H, 6-9; equiv., 
117. C,H,O, requires C, 51-7; H, 6-9%; — 116). Light absorption: see Table. In another preparation, in which 
methanolic sodium methoxide was used in p. of the potassium hydroxide, the acid was purified by distillation, b. p. 
117°/16 mm., m. p. and mixed m. p. 58°. It rapidly decolourised bromine water and alkaline permanganate, and 
reacted slowly with aqueous 2 : 4-dinitrophenylhydrazine sulphate ; - after a week at room temperature the precipitate 
was collected and identified as the 2 : 4-dinitrophenylhydrazone of a-ketobutyric acid, m. p. 197° after recrystallisation 
from aqueous alcohol (Found : C, 42-6; H, 3-9; N, 20-4. Calc. for C,gH,,O,N,: C, 42-6; H, 3-6; N, 19-9%). Similar 
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treatment of B-methoxycrotonic acid gave the 2 : 4-dinitrophenylhydrazone of acetoacetic acid, m. p. 125° after crystal- 
Ty On ten ae petroleum (compare Clift and Cook, Biochem. J., 1932, 26, 1800) (Found: N, 20-7, 

C. for CyH yO N,: N, 19-99%). 

(ii) The use of oD roeet | acid (1-5 g.) in place of a-bromocrotonic acid, with the co: nding amount of 
sodium methoxide solution, necessitated a prolongation of the period of refluxing to 20 hours. m bromide began 
to separate from the clear reaction mixture (sodium a-bromotsocrotonate is readily soluble in methanol) only after 
3 hours’ heating. The a-methoxycrotonic acid obtained was identical with that described above, m. p. and mixed 
m. p. 58°. No B-methoxycrotonic acid was encountered, possibly owing to the small scale of the experiment. 

(iii) a8-Dibromobutyric acid (2-0 g.), m. p. 87°, dissolved in dry methanol (5 c.c.), was treated with methanolic sodium 
methoxide (7 c.c., 4N) and refluxed for 20 hours. After working up as before, a-methoxycrotonic acid (0-6 g.) was 
isolated, m. p. and mixed m.'p. 57—58°. No §-methoxycrotonic acid was detected. 

Ozonisation.—a-Methoxycrotonic acid (0-5 g.), dissolved in carbon tetrachloride (5 c.c.), was ozonised in the usual 
manner, the issuing gases being led through water, this water subsequently being shown to contain no appreciable 
quantity of formaldehyde (dimedone test). An oily ozonide separated during the reaction, and after removal of solvent 
it was steam-distilled. Acetaldehyde was detected in the distillate (2: 4-dinitrophenylhydrazone, m. p. 164°), and 
evaporation to dryness of the still residue furnished oxalic acid (0-3 g., anhydrous), m. p. 188°. 

Hydrogenation.—A solution of a-methoxycrotonic acid (1-44 g.) in water (10 c.c.) was shaken in hydrogen with a 
palladium—charcoal catalyst (0-2 g., 10%); the absorption of gas amounted to 99-2% of the theoretical in 14 hours, 
The a-methoxybutyric acid (1-15 g.) so obtained had b. p. 94—95°/15 mm., m}* 1-4202, and was characterised as the 
ee ester, m. p. 82°, unchanged on admixture with a specimen —— from authentic a-methoxybutyric 
acid (Found: C, 72-7; H, 7-0; OMe, 9-5. C1 H.0, requires C, 73-0; H, 6-5; Me, 9-9%). 

Hydrolysis.—a-Methoxycrotonic acid (1-0 g.) in sulphuric acid (5 c.c., 2n) was heated in a distillation flask on the 
steam-bath for 1 hour. The few drops of distillate gave a strong positive Denigés test for methanol. The residual 
solution was extracted with ether, and the a-ketobutyric acid (0-6 g.) obtained by evaporation of the dried extracts, 
distilled at b. p. 78°/16 mm. It was characterised by preparation of the oxime, m. p. 157°, the p-nitrophenylhydrazone, 
m. p. 206°, and the 2 : 4-dinitrophenylhydrazone, m. p. 195°. 

Methyl a-Methoxycrotonate.—a-Methoxycrotonic acid (2-0 g.) was dissolved in methyl iodide (5 c.c.) and treated with 
dry silver oxide (5 g.) in small portions, with cooling. After standing at room temperature for an hour, with occasional 
shaking, dry ether was added, the silver salts removed, and the solvent evaporated. The ester distilled smoothly as a 
colourless mobile oil, b. p. 161°/762 mm., 64°/16 mm., m}§* 1-4385. Light absorption: Amex. 2200 a. (e 8450), 2235 a. 
(¢ 8450) (Found: C, 55-6; H, 8-3. C,H,,O, requires C, 55-35; H, 7°75%). It rapidly decolourised bromine water and 

ine permanganate. With concentrated aqueous ammonia it gave a-methoxycrotonamide, long needles from ether, 
m. p. 101—102° (Found: C, 52-3; H, 8-0; N, 11-9. C,H,O,N requires C, 52-1; H, 7-9; N, 12-2%). The same ester 
was also prepared, and characterised as the amide, by the treatment of a-methoxycrotonic acid with ethereal diazo- 
methane; the use of a large excess of diazomethane, for a period of 2 days at 15—20°, gave the same product. 

The ester was recovered unchanged after treatment in dry methanol with sodium methoxide, either for 2 days at 
20° or for 7 hours under reflux, but when a cooled solution in dry methanol (1 g. in 4 c.c.) was saturated with dry hydrogen 
chloride, the reducing power disappeared. After standing for 1 hour at 10°, the hydrogen chloride was removed by 
aeration, and finally by neutralisation with silver carbonate. Evaporation of the filtrate afforded methyl aa-dimethoxy- 


er (0-4 g.), b. p. 779/16 mm., n?* 1-4192, which was stable towards bromine water (Found: C, 51-4; H, 8:6. 
C,H,,0, requires C, 51-8; H, 8-7%). . When heated with dilute sulphuric acid, it gave a-ketobutyric acid (2 : 4-dinitro- 
phenylhydrazone, m. p. 196°). 

Reactions of a-Bromocrotonic Acid with Other Alkoxides.—(i) To a solution of the bromo-acid (1-5 g.) in ethanol (2 c.c.), 
ethanolic sodium ethoxide (15 c.c., 2N) was added (alternatively, ethanolic potassium hydroxide may be used). After 
refluxing for 5 hours, the solvent was removed, and the residue, dissolved in water, acidified with dilute sulphuric acid. 
B-Ethoxycrotonic acid rapidly separated, and was collected, washed with water, and dried (yield, 0-5 g.). It crystallised 


from aqueous methanol in needles, m. p. 140°. Light absorption: see Table (Found: C, 55-6; H, 7-9. Calc. for 
C,.H,,0,: C, 55-35; H, 7°75%). On standing at 20° with aqueous 2: 4-dinitrophenylhydrazine sulphate it slowly 
gave a yellow precipitate of acetoacetic acid 2 : 4-dinitrophenylhydrazone, m. Pp. 125°. The filtrate from which the 
B-ethoxycrotonic acid had been separated was extracted with ether and gave a-et. ~~ otonic acid (0-45 g.), needles from 
light petroleum, m. p. 46—47°. Light absorption: see Table. (Found: C, 55-6; H, 7-8. CHO, a C, 55-35; 
H, 7-75%). The acid was readily soluble in water and organic solvents. With aqueous 2 : 4-dinitrophenylhydrazine 
sulphate it afforded the 2 : 4-dinitrophenylhydrazone of a-ketobutyric acid, m. p. 195°. yo 
__ (ii) Potassium isopropoxide in dry isopropanol (30 c.c., 2-5n) was added to a solution of a-bromocrotonic acid (5-0 g.) 
in dry isopropanol (5 c.c.). The mixture was refluxed for 10 hours, evaporated to dryness, and the residue, dissolved 
in water, was acidified with hydrochloric acid. The precipitate was collected, washed with water, and dried (yield, 
2-8 g.); this B-isopropoxycrotonic acid, which was insoluble in cold water, crystallised from methanol in large irregular 
prisms, m. p. 106° (Found: C, 58-4; H, 8-3. C,H,,0, requires C, 58-3; H, 84%). Light absorption: see Table. On 
warming with dilute sulphuric acid it gave acetone (2 : 4-dinitrophenylhydrazone, m. p. 128°). Extraction of the original 
filtrate with ether, and distillation of the product, gave slightly impure va os acid (0-6 g.), b. p. 110— 
112°/10 mm., njf* 1-4530, which still contained traces of halogen (Found : C, 57-7; H, 8-2. C,H,,0, requires C, 58-3; 
H, eae) Light absorption: see Table. On acid hydrolysis it gave a-ketobutyric acid (2 : 4-dinitrophenylhydrazone, 
m. p. yw” 

(iii) A solution of potassium ¢ert.-butoxide in tert.-butanol (75 c.c., N) was added to a-bromocrotonic acid (5-0 g.) 
dissolved in warm fert.-butanol (10 c.c.). The mixture was refluxed for 30 hours, and the residue, after removal of solvent, 
was dissolved in water and acidified with hydrochloric acid. The precipitate was collected, washed with water, and dried 
(yield, 1-5 g.); this B-tert.-butoxycrotonic acid crystallised from methanol in large needles, m. p. 127° (Found: ©, 
60:5; H, 9-0. C,H,,O, requires C, 60-7; H, 8-9%). Light absorption: see Table. On warming with dilute sulphuric 
acid it gave acetone (2 : 4-dinitrophenylhydrazone, m. p. and mixed m. p. 128°). The original filtrate was extrac 
with ether, which on evaporation yielded a solid residue of unchanged a-bromocrotonic acid (1-8 g.), m. p. and mixed 
m. p. 106°, after recrystallisation from water. : 

Reactions of Tetrolic Acid and Alkoxides.—(i) Sodium methoxide in methanol (1-5 c.c., 4n) was added to a solution 
of tetrolic acid (0-25 g.) in methanol (2 c.c.). After refluxing for 4 hours, the solvent was removed, and the residue 
dissolved in water. Acidification with hydrochloric acid gave a precipitate of B-methoxycrotonic acid (0-25 g.), m. p. 
130° after recrystallisation from water. Light absorption: see Table. (Larger quantities of this acid cannot be crystal- 
lised from water without considerable loss by decomposition.) ke 

sa Bieter yes acid (0-5 g.) was refluxed for 20 hours with a solution of potassium #ert.-butoxide in tert.-butanol (10 c.c., 
N). Solvent was then removed, and ‘the residue dissolved in water and acidified with hydrochloric acid. The pre- 
cipitated f-tert.-butoxycrotonic acid (70 img.), recrystallised from methanol, formed needles, m. p. and mixed m. p. 127°. 





? 
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Action of Potassium tert.-Butoxide on a-Chlorocrotonic Acid.—The chloro-acid (0-7 g.), m. p. 99°, was refluxed for 30 

hours with the eg (15 c.c., N). On working up the product as described above, f-tert.-butoxycrotonic acid (60 mg.) 

as obtained, m. p. 126°. . 

” Brome} diabetes Acid.—This was synthesised by the method described by West, Krummel, and Carter YU: 
Biol. Chem., 1938, 122, 605) for the preparation of the bromo-methoxy-acid. Crotonic acid (26 g.) gave a crude solid 
(32 g.), which, when recrystallised from light petroleum (b. p. 60—80°), yielded large prisms of a-bromo-B-ethoxyi 7 

acid, m. p. 75° (Found: C, 33-9; H, 5-3; Br, 38-4; equiv., 211. C,H,,O,Br requires C, 34-1; H, 5-3; Br, 37- Joi 
equiv., 211). The methyl ester, prepared by the use of ethereal diazomethane, had b. p. 78°/10 mm., nif 1-4512 (Found : 
C, 37-7; H, 6-1. C,H,,0,Br requires C, 37-35; H, 5-8%). ; 

Treatment of the acid (5-0 g.) with boiling ethanolic sodium ethoxide (35 c.c., 2n) for 6 hours, yielded, after working 
up in the usual way, f-ethoxycrotonic acid (2-7 g., 88%), m. p. 140°. k : 

Action of Aqueous Alkali on a-Bromocrotonic and a-Bromoisocrotonic Acids.—The results shown in the figure were 
obtained by heating the acid with 3 equivalents of n- or 0-1N-sodium hydroxide on the steam-bath (temperature of the 
solution, 95—97°), the reaction being followed by titration of samples with standard acid. The formation of a-keto- 
butyric acid in each experiment was shown by the preparation of the 2 : 4-dinitrophenylhydrazone, m. p. 197°, or the 
p-nitrophenylhydrazone, m. p. 206°. : wa 

Action of Aqueous Alkali on Ethyl aB-Dibromobutyrate.—The ester (13-0 g., b. p. 107°/18 mm., porgenns by the addition 
of bromine to ethyl crotonate in carbon tetrachloride), was heated on the steam-bath for 1 hour with 2n-sodium hydroxide 
(60 c.c.), with frequent shaking. Acidification of the cooled solution with hydrochloric acid gave a-bromoisocrotonic 
acid (3-2 g.), m. p. 92°, unchanged on recrystallisation from water. Extraction of the original filtrate with ether gave 
a further quantity of the same acid, which, when freed from a small amount of a-ketobutyric acid, amounted to 1-9 g., 
m. p. 92° after one recrystallisation from water. 


The author thanks Mr. E. A. Braude for the determinations of absorption spectra. 
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96. Synthetical Experiments bearing on the Constitution of Phthioic Acid. 
. By N. Potcar and Sir Ropert Rosinson. 


Previous investigations (Polgar and Robinson, J., 1943, 615) indicated that a structure with two or three 
long chains is not compatible with the relatively small area of the compressed monolayers of phthioic acid. 
A number of long-chain acids containing several methyl substituents have therefore been synthesised. It is 
found that such acids with at least three methyl branches, exemplified by 2 : 13 : 17 : 21-tetramethyldocosanoic 
acid, exhibit film properties corresponding to those pf phthioic acid, thus indicating an analogous structure for 
the latter. This represents a return in a modified form to views expressed by Spielman and Anderson. 

In the course of further studies designed to identify a C,,-acid obtained by oxidation of phthioic acid 
(Spielman and Anderson, J. Biol. Chem., 1935—36, 112, 759) six methyl-substituted C,,-acids, one of them 
also in optically active form, have been synthesised and characterised. Evidence is presented that the oxidation 
product is 5- or 6-methyldecoic acid and most probably the latter.* 

These results are shown to indicate that the sequence CH,*[CH,],-CHMe*(CH,],-CHMe: is present in phthioic 
acid; hence azelaic acid, which is another oxidation product of phthioic acid (Wagner-Jauregg, Z. physiol. 
Chem., 1937, 247, 135), must be derived from the remainder of the molecule. This, on the basis of the empirical 
formula C,,H,,O,, limits the structural possibilities for phthioic acid to formula (IX) or (X), of which the 
latter is preferred. , 

The structure (X) has been shown to be feasible by the synthesis of the substance, namely, 3 : 13 : 19-trimethyl- 
tricosanoic acid, which is found to exhibit properties tallying with those of phthioic acid. 

A method is described for the synthesis of methyl-substituted long-chain acids which depends on the 
addition of hydrogen bromide to a diene (III) under peroxide-catalysed conditions and leads, by condensation of 
the resulting dibromide (IV) with ethyl sodiomalonate or sodiomethylmalonate, to acids of type (VII) and 
(VIII) respectively. In a modification, involving treatment with hydrogen iodide (no peroxide effect) in place 
of hydrogen bromide, acids of type (X) are obtained.” 


PHTHIOIC acid is a liquid saturated fatty acid, C,,H,,O,, which has been isolated from the lipoids of tubercle 
bacilli by Anderson and associates (J. Biol, Chem., 1929—30, 85, 77; 1935—36, 112, 759; and other papers). 
Its constitution presents a problem of considerable interest, because it has been claimed to be the specific 
cellular stimulant responsible for the tubercle, the characteristic lesion of tuberculosis (Sabin et al., J. Exp. 
Med., 1930, 52, Suppl. 3; and later papers). Moreover, analogous acids occur in other acid-fast bacteria and 
recently attention has been drawn to the fact that the lipoids extracted from the crown-gall bacillus Phytomonas 
tumefaciens, which stimulates in plants an abnormal cell growth resembling malignant animal neoplasia, also 
contain fatty acids similar in several respects to the branched-chain fatty acids of the tubercle bacillus (Velick 
and Anderson, J. Biol. Chem., 1944, 152, 523). 

- Previous investigations afford no conclusive evidence from which the constitution of phthioic acid can be 
deduced; the principal facts are summarised below. 

Spielman and Anderson (loc. cit.) isolated as an oxidation product a C,,-acid not identical with n-undecoic 
acid; Wagner-Jauregg (loc. cit.) later found azelaic acid among the oxidation products. 

Side-chain methyl estimation by the Kuhn—Roth method gave according to Wagner-Jauregg (loc. cit.) 
2-4 molecules of acetic acid from phthioic acid, as compared with a value of 1-4 in the case of tuberculostearic 
acid with two methyl groups, thus indicating for phthioic acid the presence of at least three, and not more than 
four, methyl groups. , ; 

In view of the probable analogy with tuberculostearic acid, which has been found by Spielman (J. Biol. 

* The carboxyl group is numbered | in this communication. 
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Chem., 1934, 106, 87) to be a 10-methylstearic acid, Spielman and Anderson suggested that phthioic acid is 
probably a polymethylated fatty acid. Strong arguments against such a structure were, however, presented 
by Stenhagen and Stallberg (J. Biol. Chem., 1941, 139, 345) partly on account of the long crystal spacings 
found on examination of multilayers of barium phthioate by X-ray reflection, which indicated that the length 
of the molecule was that of a chain not exceeding 15 carbon atoms, and partly in view of the properties exhibited 
by monolayers of phthioic acid, which could not be compressed below an area of about 38 a.?, whereas the area 
of one compressed chain is about 18—20 4.2. They concluded that-phthioic acid is a trisubstituted acetic acid 
with one short hydrocarbon chain and two long chains of unequal lengths, probably ethyl-n-decyl-n-dodecy]l- 
acetic acid. 

Later Schneider and Spielman (J. Biol. Chem., 1942, 142, 345) expressed the view that the chemical evidence 
is consistent with the above formula of Stenhagen and Stallberg, but taking account of the oxidation products 
of phthioic acid, isolated by Spielman and Anderson and by Wagner-Jauregg, they suggested a modification 
of this formula such that at least one of the long chains is methylated or otherwise branched. 

A similar suggestion has been made recently by Buu-Hoi and Cagniant (Ber., 1943, 76, 689), based on a 
comparison of the m. p. of phthiamide (45°; Spielman and Anderson, loc. cit.) with that of a synthetic product, 
supposed to be ethyldecyldodecylacetamide, which had a higher m. p. (87°). These authors did not prepare, 
however, the corresponding acid and it may be mentioned that we obtained from ethyldecyldodecylacetic acid, 
after extensive purification, an amide which was a viscous oil (Polgar and Robinson, /oc. cit.). 

In the last-mentioned communication the formulation of phthioic acid as a trisubstituted acetic acid was 
proved to be incorrect by the synthesis of ethyldecyldodecylacetic acid and similar substances and by com- 
parison of their monolayer films. Moreover, we have shown that any structure with two long chains is incon- 
sistent with the smaller area of the compressed films of phthioic acid. Hence we reached the conclusion 
that phthioic acid probably contains only one long chain, which must have a greater length than previously 
thought possible on the X-ray evidence. 

This view has been fully confirmed in the course of the present investigation. 

Constitution of Phthioic Acid.—With the above results in mind we have prepared a number of long-chain 
acids containing several methyl substituents for comparison. The synthetic method is illustrated by the 
following examples. 

2-Keto-A™-dodecene (I), obtained from undecenoyl chloride and methylzinc iodide, was caused to react 
with a Grignard reagent to give the carbinol (II; where R is n-alkyl or methyl-substituted alkyl, see below) 
which was dehydrated to the diene (III). This by treatment with hydrogen bromide in benzene or toluene 
solution in the presence of air, i.e., under peroxide-catalysed reaction conditions (cf. Smith, Chem. and Ind., 
1937, 15, 833; 1938, 16, 461, where earlier literature is reviewed), gave the dibromide (IV). On condensation 
of the latter with ethyl sodiomalonate or sodiomethylmalonate (in excess of the calculated amount for reaction 
of both bromine atoms) replacement of the primary bromine and, simultaneously, elimination of hydrogen 
bromide at the tertiary carbon atom occurred with formation of (V) and (VI) respectively, which by hydro- 
genation, followed by hydrolysis and decarboxylation, afforded the corresponding acids (VII) and (VIII). 


CH,°CO-[CH,],*CH:CH, R-C(OH)Me-[CH,],°CH:CH, R-CMe:CH-[CH,],-CHtCH, 
(I.) (II.) (III) 
R-CMeBr-[CH,],_"Br R-CMe:CH-[CH,],*CH(CO,Et), R-CMe:CH-[CH,],-CMe(CO,Et), 

(IV.) (V.) (VI.) 
(VII.) R-CHMe-[CH,],,-CO,H R-CHMe-[CH,],9CHMeCO,H = (VIII.) 


The overall yields from (I) to (III) were 73—80%, and from (III) to (V) usually 72—75%. Somewhat 
lower yields (50—60%) were, however, obtained in some of the earlier experiments. 

13 : 16-Dimethyliricosanoic acid (VII; R = CH,-(CH,],-CHMe-(CH,],°), 2: 13-dimethylpentacosanoic acid 
(VIII; R= n-C,,H,,°), and 2:13: 17: 21-tetramethyldocosanoic acid (VAII ; R = CH,-CHMe-[CH,],-CHMe-[CH,],’) 
have been synthesised in this way, and also 7-methyldecoic acid, which will be discussed later, by employing 
allylacetone in place of the ketone (I). The correctnéss of the structure assigned in the last example has been 
proved by oxidation of an intermediate product to adipic acid. 

14 : 17-Dimethyltetracosanoic acid has been obtained from 13: 16-dimethyltricosanoic acid by the homo- 
logation reaction of Arndt and Eistert (Ber., 1935, 68, 200; 1936, 69, 1074). 

In a preliminary experiment an attempt was made to reverse the direction of addition of hydrogen bromide 
by treating the diene (III; R = CH,-CHMe-[CH,],-CHMe-(CH,],°) with a solution of hydrogen bromide 
in glacial acetic acid in the presence of quinol as an antioxidant. Comparison of the resulting acid with 
those previously described indicated, however, that it was 13:17: 2l-trimethyldocosanoic acid (VII; 
R = CH,-CHMe-[CH,],-CHMe-[CH,],°), and not 3: 12: 16: 20-tetramethylheneicosanoic acid which should 
have been produced if the addition of hydrogen bromide to the intermediate had given the normal result of 
antioxidant conditions. This may be due to the fact that the diene (III) was very sparingly soluble in the 
reaction medium and formed a separate layer on the surface. It may be mentioned, however, that the addition 
of hydrogen halide according to Markownikow’s rule (peroxide-free reaction conditions) was achieved for 
another example, which will be discussed later, by employing hydrogen iodide instead of hydrogen bromide. 

Monolayer film measurements of the above acids will be described in detail in a later paper. It may be 
briefly stated that monolayers of 2: 13: 17: 21-tetramethyldocosanoic acid have a limiting area of about 
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61 4.2 and collapse on compression at 39 a.*, thus closely resembling monolayers of phthioic acid (limiting 
area 62 a.*, collapsing at about 38 a.?; Stenhagen and Stallberg, loc. cit.), whereas all acids having only two 
methyl branches gave more compressible films collapsing at 34—35 a.*. Monolayers of 13: 17 : 21-trimethyl- 
docosanoic acid showed an analogous behaviour to those of 13 : 16-dimethyltricosanoic acid and 14: 17-di- 
methyltetracosanoic acid, thus indicating that the 21-Me has little or no effect upon the minimum area of the 
film. 

From these results it is evident that a structure such as that of 2: 13: 17 : 21-tetramethyldocosanoic acid, 
with or without the 21-Me, is in full harmony with the characteristic properties exhibited by monolayers of 
phthioic acid. This, in conjunction with our previous results excluding certain other structures, suggested that 
phthioic acid is analogously constituted to the above methyl-substituted acid. Hence, the way now seemed 
clear to consider the details of branching in the phthioic acid molecule. 

As already mentioned, Spielman and Anderson isolated a saturated C,;-acid as an oxidation product of 
phthioic acid; they characterised it as the *bromophenacy] ester and tribromoanilide and found both deriv- 
atives to have lower m. p.’s than those of n-undecoic acid. Our results, as mentioned above, indicated that this 
oxidation product must be a methyl-substituted C,,-acid and it was desirable to attempt to identify it by 
synthesising a series of such acids. 

3-Methyl-, 4-methyl-, and 5-methyl-decoic acid have been prepared from the appropriate alkyl halides by 
chain lengthening according to standard methods. 6-Methyldecoic acid was obtained from ethyl 6-ketoheptoate 
(Blaise and Koehler, Bull. Soc. chim., 1910, 7, 215) and -butylmagnesium bromide by use of the method of 
Schneider and Spielman (loc. cit.), which depends on the reaction of a Grignard reagent with a keto-ester to 
give a hydroxy-ester, followed by dehydration and hydrogenation. For the synthesis of 7-methyldecoic acid 
the method described in this paper for branched long-chain acids was adapted by employing allylacetone and 
n-propyl bromide for the Grignard reaction. 

All acids were converted in the usual manner into their p-bromophenacyl esters and tribromoanilides for 
comparison with the oxidation product of phthioic acid. Since phthioic acid is optically active and the same 
had to be assumed for its oxidation product [e.g., «-tocopherol or phytol giving by oxidation an optically active 
4:8: 12-trimethyltridecoic acid with a p-xenylamide melting about 5° higher than a synthetic specimen (cf. 
Fernholz, J]. Amer. Chem. Soc., 1938, 60, 700; Karrer e¢ al., Helv. Chim. Acta, 1944, 27, 1006)], p-bromophenacyl 
esters and tribromoanilides of d-4 : 8-dimethylpelargonic acid and dl-4 ; 8-dimethylpelargonic acid were also 
prepared for comparison, both acids being accessible by standard methods from d-citronellal and citral 
respectively. 

The m. p.’s are listed below. 

M. p. of M. p. of 
p-bromophenacy] ester. tribromoanilide. 

Seta yack’ ACI. .0- ocsccc cesses csscceccsccesecsoosce 
4-Methyldecoic acid «.............ceeebeeeceecee 
5-Methyldecoic acid 
6-Methyldecoic acid .. 

7-Methyldecoic acid 
dl-4: 8-Dimethylpelargonic acid . seeeecdeaer 
d-4 : 8-Dimethylpelargonic acid .............:.s0000+ 
Oxidation product of phthioic acid ‘ 

Comparison of the optically active and the racemic specimen of 4 : 8-dimethylpelargonic acid indicates that 
the p-bromophenacy] esters of such acids, contrary to the tribromoanilides, show no difference in m. p. for the 
active form. Hence it is possible to compare the synthetic acids with the oxidation product by the m. p.’s 
of their p-bromophenacyl esters. From this comparison it follows that the oxidation product is either 5- or 
§-methyldecoic acid with p-bromophenacyl esters melting at 50° and 51° respectively, as compared with the 
m. p. of 49—50° for the oxidation product. 

Taking into consideration the process of isolation of the oxidation product under difficult conditions, and 
the small quantities available for recrystallisation, it is difficult to beligve that its p-bromophenacy] ester melting 
at 49 50° should be identical with the pure synthetic product having the sharp m. p. 50° in the case of 5-methyl- 
decoic acid, whereas for 6-methyldecoic acid the slightly higher m. p. 51° is thus accounted for. This view is 
confirmed by the fact that there is a discrepancy of 15-5° between the m. p.’s of the tribromoanilides of 5-methyl- 
decoic acid and the oxidation product, whereas in the case of 6-methyldecoic acid the m. p. of the. tribromo- 
anilide is only 6-5° lower than that of the oxidation product. Larger differences are not to be anticipated 
(e.g., cf. dl-4-methyldecoic acid and d-4 : 8-dimethylpelargonic acid) ; moreover, the tribromoanilide of 7-methyl- 
decoic acid melts only 11° lower than that of nm-undecoic acid (m. p. 129°), thus indicating that the active form 
of the tribromoanilides of such acids cannot melt much higher than the racemic form. 

These facts justify a provisional identification of the oxidation product as 6-methyldecoic acid; however, 
the validity of the further conclusions below is unaffected by the question as to whether the oxidation product 
is 6- or 5-methyldecoic acid, except for the slight modification of formula (X) by transferring a methyl group 
from C-19 to C-18 if the oxidation product is eventually found to be 5-methyldecoic acid. 

In view of the general structural features of phthioic acid as a‘ long-chain acid with several methyl sub- 


* 
stituents, the formation of a C,,-acid as an oxidation product indicates that the sequence C,,H,,-CH,-CHMe- 
is present in the molecule, the attack of oxygen having taken place at the asterisked carbon atom (cf. oxidation 
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of tuberculostearic acid; Spielman, loc. cit.). If the oxidation product is regarded as 6-methyldecoic acid for 
the reasons already advanced, the full structure of the above sequence is CH,*[CH,],-CHMe-[CH,},-CHMe-. 
This having been recognised, it is clear that azelaic acid (Wagner-Jauregg, loc. cit.) must be derived from 
the remainder of the molecule, since its formation requires either a sequence of nine methylene groups at the 
middle of the chain, or eight methylenes adjoining the carboxyl. This leaves only the alternatives (IX) and 
(X) for the full structure of phthioic acid. Formula (IX) is not compatible with the high molecular rotation 
of phthioic acid (+ 50°), which requires the presence of a methyl substituent near to the carboxy] (cf. Spielman 
and Anderson, loc. cit.). Hence phthioic acid must have the structure (X), representing it as 3 : 13 : 19-tri- 
methyltricosanoic acid. 
(IX.) CH,*[CH,],°CHMe-[CH,],-CHMe-[CH,],°CHMe-[CH,],-CO,H 
(X.) CH,[CH,},°CHMe-[CH,],-CHMe-[CH,],-CHMe-CH,-CO,H 


Spielman and Anderson (loc. cit.) favoured a methyl group in the a-position, mainly because, by a Wieland 
degradation of methyl phthioate, they obtained a neutral substance thought to be a methyl ketone, but they 
stated that the substance was undoubtedly a mixture and considered this evidence inconclusive. That there 
is no methyl substituent in the «-position, is, however, confirmed by the fact that the amide of 2: 13 : 17: 21- 
tetramethyldocosanoic acid has m. p. 66°, which is considerably higher than that of phthiamide (45°) and also 
higher than those of the synthetic amides not bearing a methyl group in the «-position, ¢.g., 13 : 16-dimethyl- 
tricosanamide, m. p. 57°, and 14: 17-dimethyltetracosanamide, m. p. 62°. 

The formation of azelaic acid as an oxidation product requires, as already mentioned, branching of the chain 
at C-3; its formation is also in full harmony with the formation of a methyldecoic acid as a further: oxidation 
product, both confirming the presence of another branch at C-13. Hence the positions of the methyl sub- 
stituents in phthioic atid are either determined correctly, or if not so, subject to small modification. 

Synthesis of 3: 13: 19-Trimethyliricosanoic Acid (X).—The general method described in this paper was 
adopted with the main modification that hydrogen iodide was employed in place of hydrogen bromide, in which 
case there is no peroxide effect (cf. Kharasch and Hannum, J. Amer. Chem. Soc., 1934, 56, 1782; Abraham and 
Smith, J.,.1936, 1605). The requisite ketone,'2-keto-A1*-tridecene, was obtained by a Grignard process, using 
A"-dodecenonitrile and methyl iodide. Reaction of the ketone with a Grignard-reagent from 6-methyldecyl 


bromide gave the carbinol (XI), which was converted by treatment with hydrogen iodide into (XII) and thence D 


by condensation with ethyl sodiomalonate, followed by the usual stages, into 3: 13 : 19-tvimethyltricosanoic 
acid (X). 

(XI.) CH,[CH,],-CHMe-[CH,],-C(OH)Me-[CH,],CH:CH, 

(XII.) CH,[CH,],-CHMe-[CH,],-CiMe-[CH,],°CHIMe 


The acid is a viscous oil which forms an amide melting at 37°, as compared with 45° in case of phthiamide, 
The difference is in harmony with the. optical activity of the latter, e.g., dl-tetrahydrogeranamide (asymmetric 
centre also at C-3) having m. p. 101—102° (Cahn, Penfold, and Simonsen, J., 1931, 3134) and its active form, 
dihydrocitronellamide, melting at 108—109° (Wallach, Aunalen, 1897, 296, 128; Trikojus and White, J. Proc. 
Roy. Soc. New South Wales, 1932, 66, 284). . 

The synthetic acid also exhibits all the characteristic properties of phthioic acid, ¢.g., it forms a lead salt 
easily soluble in ether and gives monolayers collapsing on compression at 3839 a.*. The latter minimum 
area, compared with that of 18—20 a.* for one compressed normal chain, indicates a considerable tilting of 
the molecule; hence the smaller apparent length found on X-ray examination of barium phthioate multilayers 
(Stenhagen and Stallberg, Joc. cit.) is also accounted for. 

The structure advanced for phthioic acid is thus confirmed by the synthesis of a stereoisomeride. It remains 
to complete the proof by synthesis of optically active forms and direct comparison of these with phthioic acid. 

The extent to which our conclusions may be invalidated by stereoisomerism and the production of mixtures 
of stereoisomerides is admittedly unknown; the dubiety exists 2nd we fully recognise it. However, the con- 
sideration is certainly less important in the long-chain fatty acid series than in many other groups and we 
attach significance to the film results especially. Pure isomerides will now be synthesised in order to assess the 
influence of stereoisomerism. 

Certain other points arising in connexion with this investigation may be briefly mentioned. 

Choucroun (Compt. rend., 1940, 210, 749) claims to have obtained phthioic acid by distillation of a high 
molecular toxic acid extracted from tubercle bacilli, but gives m. p. 85° for the substance supposed to be 
phthioic acid. This high m: p. indicates that the substance is m-hexacosanoic acid (m. p. 87—88°), which 
according to Anderson and associates (J. Biol. Chem., 1929—30, 85, 351; 1938, 126, 505; and other papers) 
is formed by pyrolysis of mycolic acid, the principal ether-soluble constituent of the wax isolated from tubercle 
bacilli. Mycolic acid has, apart from its acid-fastness, no outstanding ‘physiological properties (Sabin, Amer. 
Rev. Tuberc., 1941, 44, 415); neither has n-hexacosanoic acid, which produces in experimental animals a foreign 
body giant cell reaction (Gerstl and Tennant, Yale J. Biol. Med., 1943, 15, 347). 

Though the separation of phthioic acid from the normal unsaturated acids with which it occurs required 
catalytic hydrogenation of the crude mixture of fatty acids, the low iodine values of the original mixture 
mentioned repeatedly by Anderson and associates and also the amount of stearic acid formed on hydrogenation 
(e.g., cf. Anderson, J. Biol. Chem., 1927, 74, 537) indicate that phthioic acid was present, doubtless as a deriv- 
ative, but in saturated form in the bacterial cells. In view of its possible dehydrogenation in the organism 
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(cf. enzymatic dehydrogenation of phytanic acid and related compounds; Karrer and Koenig, Helv. Chim. 
Acta, 1941, 24, 304) the study of unsaturated acids with the carbon skeleton of phthioic acid is, however, 
desirable. Moreover, such unsaturated acids are also of interest for comparison of their physiological properties 
with those of arachidonic acid and related substances (normal chain, non-conjugated double bonds), considered 
to be essential for the formation of new tissue, and also with vitamin A (methyl-branched long chain,,con- 
jugated double bonds). The investigation will be continued. 


EXPERIMENTAL. 


3-Methyldecoic Acid.—This acid has been mentioned by Keil (Z. physiol. Chem., 1942, 274, 175) but no details are 
given. Methylheptylcarbinol (75 g.; obtained by the Grignard reaction from n-heptyl bromide and acetaldehyde), 
b. p. 91°/13 mm., was converted by means of red phosphorus and iodine into its iodide (113 g.), b. p. 101—102°/12 mm., 
which, by interaction with ethyl sodiomalonate (from 210 g. of ethyl malonate and 17-6 g. of sodium) in alcohol (210 c.c.), 
afforded ethyl (1-methyloctyl)malonate (116 g.), b. p. 163—164°/14 mm. Hydrolysis of the latter with alcoholic potas- 
sium hydroxide, followed by acidification and decarboxylation, gave 3-methyldecoic acid as a colourless viscous liquid 
(61 g.), b. p. 153—154°/14 mm., njj** 1-4395. It was converted in the usual way into its p-bromophenacyl ester, which 
formed colourless{needles from alcohol, m. p. 39° (Found: C, 59-9; H, 7-2. C,sH,,O, Br requires C, 59-5; H, 7-1%). Its 
tribromoanilide was obtained as a white crystalline powder, m. p. 111-5°, after crystallisation from alcohol (Found: C, 
41-1; H, 4-9. C,,H,,ONBr, requires C, 41-0; H, 4-8%). 

4-Methyldecoic Acid.—Ethy] sec.-octylmalonate, prepared from sec.-octyl iodide and ethyl malonate, was converted 
in the usual manner into 3-methylpelargonic acid, b. p. 136—137°/10 mm., m}®* 1-4360 [tribromoanilide, colourless plates 
from alcohol and light petroleum, m. p. 111-5° (Found: C, 39-8; H, 4-8. C,,H,,ONBr, requires C, 39-7; H, 4-6%)]. 
The butyl ester (52 g.) of this acid was reduced ye Foe vn of sodium (32 g.) and butyl alcohol (500 c.c.) to give 3-methyl- 
nonan-l-ol (25-6 g.), b. p. 117—118°/14 mm, e latter was transformed by means of 48% hydrobromic acid and 
sulphuric acid into the bromide (29 g.), b. p. 98—99°/10 mm., and thence, by refluxing the bromide with alcoholic 
potassium cyanide, into the nitrile (22 g.), b. p. 121—122°/13 mm. Hydrolysis with a mixture of sulphuric acid, acetic 
acid and water (18 c.c. of each) afforded 4-methyldecoic acid (20-4 g.) as a colourless oil, b. p. 150-—151°/10 mm., nj}" 
1-4403 (Staudinger and Ruzicka, Helv. Chim. Acta, 1924, 7, 245, obtained this acid from a dicarboxylic acid in the course 
of experiments to synthesise tetrahydropyrethrone and give b. p. 150—152°/12 mm.). p-Bromophenacyl ester, m. p. 42°, 
from alcohol (Found: C, 59-4; H, 7-0. Cj, sH,,O,Br requires C, 59-5; H, 791%). Tvribromoanilide, shiny plates from 
alcohol, m. p. 89-5° (Found: C, 41-1; H, 4-8. C,,H,,ONBr, requires C, 41-0; H, 4-8%). 

5-Methyldecoic Acid.—Ethy1 1-methylhexylidenecyanoacetate (92 g.; obtained from methyl amy] ketone and ethyl 
cyanoacetate in 88% yield by the method of Cope e# al. (J. Amer. Chem. Soc., 1941, 68, 3452)]}, b. p. 158—159°/22 mm., 
ni” 1-4682, was hydrogenated in alcoholic solution in the presence of palladised strontium carbonate at room temper- 
ature/normal pressure, and the reduced product converted, by alkaline hydrolysis with decarboxylation of th® isolated 
acidified product, followed by acid hydrolysis (sulphuric acid, acetic acid and water, 80 c.c. of each), into 3-methyloctoic 
acid (56-5 g.), b. p. 139—141°/20 mm. (Found: C, 68-7; H, 11-4. Calc. for C,H,,0,: C, 68-3; H, 11-4%). The overall 
yield was 82%, based upon ethyl 1-methylhexylidenecyanoacetate. ’ 

The ethyl ester (55 g.) of the foregoing acid gave by reduction with sodium in butyl alcohol 3-methyloctanol (28-8 g.), 
b. p. 108°/22 mm., n}%* 1-4350, which was converted into its bromide (33-8 g.), b. p. 96°/17 mm., and the latter by reaction 
with ethyl sodidmalonate in the usual manner into ethyl (3-methyloctyl)malonate (35-5 g.), b. p. 176—177°/19 mm. (Found : 
C, 66-7; H, 10-35. C,.H,,0, requires C, 67-1; H, 10-5%). On hydrolysis with alcoholic potassium hydroxide, followed 
by acidification and decarboxylation, 5-methyldecoic acid (20-5 g.) was obtained as a colourless oil, b. p. 167—168°/20 
mm., #}6° 1-4418 (Found: C, 71-3; H, 12-0. Calc. for C,,H,,0,: C, 71-0; H, 11-8%). Levene and Marker (J. Biol. 
Chem., 1932, 95, 153) give b. p. 135°/3 mm. The p-bromophenacyl ester crystallised from alcohol as white plates, m. p. 
50° (Found : C, 59-65; H, 7-0. C,H,,O,Br requires C, 59-5; H, 7-1%). The tribromoanilide formed a white crystalline 
powder from alcohol, m. p. 95-5° (Found: C, 41-5; H, 5-0. C,,H,,ONBr, requires C, 41-0; H, 4-8%). 

6-Methyldecoic Acid.—The method of Schneider and Spielman (loc. cit.) has‘been adapted. The requisite keto-ester, 
ethyl 6-ketoheptoate, was obtained from 5-carbethoxyvaleryl chloride in 93% yield by the procedure of Blaise and 
Koehler (Joc. cit.) with the following . modification in detail: methyl iodide (99 g.; 0-7 mol.) was added to a mixture 
of toluene (47 c.c.), ethyl acetate (20-2 g.; 0-23 mol.), and zinc-co couple (90 g., prepared according to Gladstone 
and Tribe, J., 1879, 35, 567) in small quantities during 2 hours while the mixture was heated under reflux at 70—75° 
(bath); the temperature was then slowly raised to 100° during 2 hours and maintained there for 1 hour more. The 
mixture was then cooled with ice, a further quantity of toluene (4%c.c.) added, and the ice-cold solution decanted. 
5-Carbethoxyvaleryl chloride (47 g.; 0-24 mol., obtained from ethyl hydrogen adipatedy means of thionyl! chloride) in 
toluene (45 c.c.) was.immediately introduced during 15 minutes with cooling, accompanied by vigorous stirring, which 
was continued for a further 5 minutes; the mixture was then decomposed at once by pouring iton ice. The keto-ester, 
isolated in the known manner, distilled as a colourless liquid (39 g.), b. p. 132—133°/22 mm., m}j* 1-4340. A sample 
purified through the semicarbazone, m. p. 107° (from alcohol) (Blaise and Koehler, Joc. cit., give the same m. p.), had 
b. p. 129—130°/20 mm., nj 1-4333 (Found: C, 62-5; H, 9-6. Calc. for C,H,,0,: C, 62-8; H,.9-3%). It may be 
mentioned that ketones readily undefgo self-condensation in the presence of acid chlorides and zinc halides (cf. Descudé, 
Ann. Chim. Phys., 1903, 29, 486; Colonge and Mostafavi, Bull. Soc. chim., 1938, 5, 1478). 

A Grignard solution, prepared from n-butyl bromide (34 g.) and magnesium (6 g.) in ether (85 c.c.), was gradually 
added to a solution of ethyl 6-ketoheptoate (33 g.) in ether (250 c.c.) during 1 hour with stirring at room temperature ; 
a white precipitate at once formed. After refluxing for 1 hour, the mixture was kept overnight, decomposed by treat- 
ment with dilute hydrochloric acid (ice), and the product worked up by the normal procedure. Several batches prepared 
in this way were combined and substances, b. p. >140°/20 mm., dehydrated by heating at 160—180° in the presence of 
iodine. The product was then hydrogenated (alcoholic solution, palladised calcium carbonate), and the reduced ester 
(b. p. 127—128°/15 mm.) hydrolysed by refluxing with holic potassium hydroxide. On acidification 6-methyldecoic 
4cid was obtained as a colourless oil, b. p. 164—165°/18 mm., »?* 1-4403 (Found: C, 70-6; H, 11-9. C,,H,,O, requires 
C, 71-0; H, 11-8%). The average yields of the pure acid, calculated on the keto-ester employed; were about 25%. Its 
p-bromophenacyl ester crystallised from alcohol in white plates, m. p. 51° (Found: C, 59-7; H, 7-1. C, .H,,O,Br requires 
C, 59-5; H, 7-1%). The tribromoanilide formed minute white plates from alcohol, m. p. 104-5° (Found: C, 41-1; H, 
49. C,,H,,ONBr, requires C, 41-0; H, 4-8%). 

'7-Methyldecoic Acid.—Allylacetone was prepared in the known manner by condensation of allyl bromide with ethyl 
Sodioacetoacetate, followed by hydrolysis; it had b. p. 128° and formed a semicarbazone, m. p. 101—102° (from alcohol), 
in agreement with the literature (e.g., von Braun and Stechele, Ber., 1900, 33, 1472). The foregoing ketone (37 g.) in 
ether (40 c.c.) was added to a Grignard solution from n-propyl bromide (63 g.) und magnesium (10-9 g.) in ether (60 c.c.) 
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during 1 hour with stirring at room temperature. Next day the Grignard complex was decomposed by treatment with 
ice and dilute hydrochloric acid, and the crude carbinol isolated in the usual manner. Dehydration over iodine (160°, 
bath) gave a mobile liquid (37 g.), b. p. 140—141°. This was dissolved in toluene (370 c.c.), and the solution saturated 
‘with hydrogen bromide at 0° while, simultaneously, a slow stream of air was passed continuously through the liquid. 
After the mixture had been kept overnight, excess of hydrogen bromide was expelled by means of a brisk stream of air: 
the solvent was then removed under diminished pressure (bath temperature, 40—45°), and the residue used without 
further purification for condensation with ethyl sodiomalonate. This was effected by keeping it overnight with a large 
excess of ethyl sodiomalonate (from 20-7 g. of sodium and 214 g. of ethyl malonate) in alcohol (250 c.c.); the mixture 
was then refluxed with stirring for 4 hours. Ethyl (5-methyl-A’-octenyl)malonate (61 g.) was obtained as an almost 
colourless oil, b. p. 176—178°/18 mm., nj" 1-4480 (Found: C, 66-8; H 9-8. C,gH,,O, requires C; 67-6; H, 9-9%). 

A sample of the foregoing product (4 g.) was converted by hydrolysis with subsequent decarboxylation into 7-methyl- 
A’-decenoic acid, which distilled as a viscous oil (2-1 g.), b. p. 165—166°/17 mm., n#* 1-4552 (Found: C, 71-9; H, 10-9, 
C1,H 40, requires C,°71-7; H, 10-9%). Its identity was proved by oxidation with potassium permanganate, which gave 
an acid, m. p. 149° alone or mixed with adipic acid. 

The substituted malonic ester (5-6 g.) in alcohol (30 c.c.) was hydrogenated in the presence of palladised calcium 
carbonate. Hydrolysis of the saturated material, followed by decarboxylation of the free acid, afforded 7-methyldecoic 
acid as a colourless oil (2-3 g.), b. p. 161—162°/15 mm., nf” 1-4408 (Found: C, 70-7; H, 12-0. C,,H,,O, requires C, 
71:0; H, 118%). Its p-brom mag ester crystallised in white plates from alcohol, m. p. 56? (Found: C, 59-2; H, 
7:0. Cy H,,O,Br requires C, 59-5; H, 7-1%). The tribromoanilide was obtained as minute, white plates from alcohol, 
m. p. 118° (Found: C, 41-2; H, 4-9. C,,H,,ONBr; requires C, 41-0; H, 48%). 

dl-4 : 8-Dimethylpelargonic Acid.—The starting point was citral which had been purified by means of sodium sulphite 
(Tiemann, Ber., 1899, 32, 812), thus affording an optically inactive material. This was hydrogenated in the presence 
of Raney nickel (140°/100 atms.), and the resulting saturated alcohol (tetrahydrogeraniol) converted in the known manner 
into the bromide, b. p. 103°/17 mm., n}®* 1-4541, and thence into the nitrile, b. p. 113—114°/15 mm., n}* 1-4377. On 
refluxing the latter with a mixture of sulphuric acid, acetic acid and water (1 : 1 : 1) for 3 hours, d/-4 : 8-dimethylpelargonic 
acid was obtained as a colourless oil, b. p. 156—157°/15 mm., n}7* 1-4400 (Found : C,70-7; H,11-85. Calc. for C,,H,,0,: 
C, 71:0; H, 11-8%). Its amide had, after recrystallisation from alcohol and light petroleum (b. p. 60—80°), m. p. 81— 
81-5° (Found: N, 7-4. Calc. for C,,H,,ON: N, 76%), (Heilbron and Thompson, J., 1929, 883, give m. p. 77—79° 
and for another specimen 80—81°; Spath and Klager, Ber., 1934, 67, 859, give m. p. 79—81°). The p-bromophenacyl 
ester separated from alcohol as a crystalline powder, m. p. 36° (Found: C, 59-8; H, 7-0. C,,H,,O,Br requires C, 59-5; 
H, 71 at. The tribromoanilide formed a crystalline powder from alcohol, m. p. 99° (Found: C, 41-3; H, 4-7. 
C,,He, Br; Ti uires Cc, 41-0; H, 48%). 

d-4 : 8-Dimethylpelargonic Acid.—This was prepared in the same way as the previous compound except that the 
starting point was d-citronellal. The acid had b. p. 147°/9 mm., n}®* 1-4408 (von Braun and Kaiser, Ber., 1923, 56, 
2268, give b. - 151—153°/14 mm.). d-Amide, m. p. 83° after recrystallisation from alcohol and light petroleum (Found : 
N, 7-6. €,,H,,ON requires N, 76%). Its p-bromophenacyl ester formed white plates from alcohol, m. p. 36° (Found : 
C, 59:3; H, 7-1. C,H,,O,Br requires C, 59-5; H, 71%). The tribromoanilide was obtained in plates from alcohol, 
m, p. 85° (Found: C, 41-0; H, 4-7. C,,H,ONBr, requires C, 41-0; H, 4-8%). ’ 

he butyl ester of this acid on reduction with sodium and butyl alcohol gave d-4 : 8-dimethylnonanol, the rotation 
of which (-+-0-93° in a 0-5-dm. tube) was in agreement with the values reported by von Braun and Kaiser (loc. cit.), thus 
indicating that no racemisation has taken place in the previous operations. 

13 : 16-Dimethyliricosanoic Acid (VII; = CH “(CH,]¢-CHMe-[CH,] +). —2-Keto-Ml1-dodecene (I). was obtained by 
the action of undecenoyl chloride on methylzinc iodide as a mobile liquid, b. p. 114—115°/9 mm., which gave a crystalline 
semicarbazone, m. p. 112—113°, from alcohol (Found: C, 65-4; H, 10-4. C,s;H,,ON, requires C, 65-3; H, 10-45%). 
The ketone (15 g.) in ether (25 c.c.) was caused to react with a Grignard solution from 3-methyldecyl bromide (23-5 g.; 
obtained from 3-methyldecanol prepared by reducing butyl 3-methyldecoate with sodium and butyl alcohol), magnesium 
(2-3 g.), and ether (40 c.c.). A isolation in the usual way the crude carbinol was dehydrated with a trace of iodine 
(180—190°, 30 minutes), to give 11 : 14-dimethylheneicosa-1 : 11-diene (18-9 g.) as a mobile liquid, b. p. 162—163°/0-2 mm. 
(Found: C, 863; H, 13-6. C,,H,, requires C, 86-3; H, 137%). Air and hydrogen bromide were then passed during 
2 hours into a solution of the diene in benzene (180 c.c.) and the resulting crude bromide, isolated in the manner already 
described (see section on 7-methyldecoic acid), was condensed with ethyl sodiomalonate (large excess, from 50 g. of 
ethyl malonate and 5-9 g. of sodium in 70 c.c. of alcohol), the mixture being kept overnight and then refluxed with stirring 
for 6 hours. Ethyl (11 : 14-dimethyl-Al'-heneicosenyl)malonate (20-8 g.) was obtained as a viscous oil, b. p. 229—-230°/0-4 
mm., ?° 1-4590 (Found: C, 75-1; H, 11-5. Cg oH ,,0, requires & 76-0; H, 11-7%). This substance (17-8 g.) was 
hydrogenated in alcoholic solution in the presence of palladised strontium carbonate, and thé reduced ester hydrolysed 
by means of alcoholic potassium hydroxide. Decarboxylation of the free acid furnished 13 : 16-dimethyltricosanoic acid, 
b. p. 212—213°/0-2 mm. ; it wasa viscous oil at room temperature, n?** 1-4572, but solidified on cooling with ice and melted 
at 14—15° (Found: C, 78-1; H, 13-2. C,,;H,,O, requires C, 78-5; H, 13-1%). Its amide had m. p. 57° (from methanol) 
(Found: C, 78-2; H, 13-3. C,,H,,ON requires C, 78-7; H, 13-4%). 

14 : 17-Dimethyltetracosanoic Acid.—13 : 16-Dimethyltricosanoic acid (0-5 g.) was converted into its chloride by means. 
of thionyl chloride, and this treated with an ethereal solution of diazomethane. The resulting diazo-ketone was dis- 
solved in dioxan (40 c.c.), and the solution heated on a steam-bath with addition of aqueous ammonia (5 c.c. of 35%) 
and a 10% solution of silver nitrate (3 c.c.); when the vigorous reaction had subsided (a few minutes), the mixture was 
refluxed for 1 hour. The solution was then filtered and diluted with water. On cooling, 14 : 17-dimethyltetracosanamide 
separated in small plates, m. p. 62° after recrystallisation from methanol (Found : C, 78-8; H, 13-1; N, 3-6. C,,H,,ON 
requires C, 79-0; H; 13-4; N, 3-5%). 

In another experiment the diazo-ketone was converted by treatment with silver oxide and methanol into the homo- 
logous methyl ester. This furnished by hydrolysis with alcoholic potassium hydroxide and subsequent acidification 
the required acid as a viscous oil, which distilled from a bath at 215—225°/0-1 mm. and, on redistillation, had b. p. 
221—222°/0-2 mm., n}* 1-4589; it solidified on cooling and melted at about 20° (Found : C, 78-7; H, 12*7. C,.H,,0, 
requires C, 78-8; H, 13-1%). of 

2 : 13-Dimethylpentacosanoic Acid (VIII; R = n-C s*)-—2-Keto-A1-dodecene (18-5 g.) was treated with n-dodecyl- 
magnesium bromide (from 2-4 g. of magnesium), an e product worked up as described in previous experiments. 
Dehydration of the crude carbinol gave a mobile liquid (18-7 g.), b. p. 170—172°/0-1 mm., n}¥* 1-4610. This substance 
(7-5 g.) in benzene solution (50 c.c.) was treated in the usual way with hydrogen bromide in the presence of air, and the 


product condensed with an excess of the sodio-compound of oT methylmalonate (2 g. of sodium, 19-3 g. of ethyl 


methylmalonate). Ethyl een Cane imalonate (7-25 g.) was thus obtained as a pale yellow oil, b. p.. 
242—243°/0-2 mm., ni®* 1-4596 (Found: C, 75-6; H, 11-8. Cokie requires C, 75-6; H, 11-89%). is was reduced 


with hydrogen (alcohol solution, 15 c.c.) in the presence of palladised strontium carbonate, and the saturated material. 
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hydrolysed by means of alcoholic potassium hydroxide. On decarboxylation of the free acid 2 : 13-dimethylpentacosanoic 
aid (3-9 g.) was obtained as a viscous oil, b. p. 226—227°/0-1 mm., which soon solidified and melted at 36—37° after 
recrystallisation from acetone (Found: C, 78-9; H, 13-1. C,,H,,0, requires C, 79-0; H, 13-2%). Its amide had m. p. 
35° (from alcohol) (Found: N, 3-6. C,,H,;;ON requires N, 3-4%). . 

2:13:17: 21-Tetramethyldocosanoic Acid (VIII, R = CH,-CHMe-(CH,],-CHMe-(CH,],*).—Reaction between 2-keto- 
A't-dodecene (25 g.) and a Grignard solution from d-4 : 8-dimethylnonyl bromide (35 g.; obtained from the corresponding 
alcohol by means of 48% hydrobromic acid and sulphuric acid), magnesium (3-7 g.), and ether (45 c.c.), followed by the 
usual dehydration in the presence of iodine (0-05 g.; 160—180°, 1 hour), gave 11 : 15 : 19-trimethyleicosa-1 : 11-diene as a 
mobile liquid (26-4 g.), b. p. 162—163°/0-3 mm., nj?" 1-4595 (Found: C, 86-2; H, 13-7. C,,H,, requires C, 86-3; H, 
137%). The foregoing compound (12-7 g.) was dissolved in benzene (80 c.c.) and subjected to the action of hydrogen 
bromide in the presence of air as in previous examples. On reaction of the resulting crude bromide with a large excess 
of ethyl sodiomethylmalonate (from 35 g. of ethyl methylmalonate and 3-6 g. of sodium in 45 c.c. of alcohol) ethyl 
(IL: 15: go pe omy ge ge was obtained as a viscous oil (10-4 g.), b. p. 217—218°/0-1 mm., 
we” 1-4601 (Found: C, 75-0; H, 11-8. C,,H,;,0, requires C, 75-3; H, 11-7%). This on hydrogenation (palladised 
strontium carbonate), followed by the normal procedure (hydrolysis, decarboxylation), furnished 2: 13 : 17 : 21-tetra- 
methyldocosanoic acid as a colourless viscous oil (6-9 g.), b. p. 221—222°/0-1 mm., n}f* 1-4584 (Found: C,-78-7; H, 13-0. 
CygH520, requires C, 78-8; H, 13-1%). It formed an amide which was extremely soluble in —— solvents and separated 
from minimum quantities of ice-cold alcohol as a tallow-like, white solid, m. p. 66° (Found: N, 3-35. C,,H;,ON requires 
N, 3°59 ). 

“ited Preparation of 3 : 12 : 16 : 20-Tetramethylheneicosanoic Acid.—A modification of the foregoing experiment 
by adding hydrogen bromide to 11 : 15 : 19-trimethyleicosa-1 : 11-diene under antioxidant conditions was explored in a 
prelimi fashion. A mixture of the diene (13-5 g.) with quinol (0-05 g.) and a solution of hydrogen bromide in glacial 
acetic acid (75 c.c.; 50 w/v %) was kept for 19 days with occasional shaking (both the diene and quinol seemed practicall 
insoluble in the mixture). It was then poured into ice-water, and the bromide isolated by means of ether and dried wit 
calcium chloride. After removal of the ether dry benzene was repeatedly added to the residue and removed at 40° 
(bath temperature) under reduced pressure. The residual heavy oil was then caused to react with ethyl sodiomalonate 
(from 35 g. of ethyl malonate and 3-9 g. of wre according to the usual procedure; the product was a viscous oil (10-6 g.) 
b. p. 220—221°/0-3 mm., njf” 1-4588 (Found: C, 74-3; H, 11-5. CypH5O, requires C, 75-0; H, 117%). After bein 
reduced catalytically with palladised strontium carbonate in alcohol (25 c.c.), and the hydrolysed product decarboxyla 
as previously described, the acid distilled as an almost colourless oil (7 g.), b. p. 218—219°/0-2 mm., m}J* 1-4595, which 
solidified on cooling and melted at 19—20° (Found: C, 78-6; H, 12-7. C,sH,5 0, requires C, 78-5; H, 13-1%). Its 
amide had m. p. 55° (from alcohol) (Found: N, 3-6. C,sH,,ON requires N, 3-7%). Comparison of these m. p.’s with those 
of 13 : 16-dimethyltricosanoic acid and 14 : 17-dimethyltetracosanoic acid suggests that the acid formed is 13 : 17: 21-t9i- 
methyldocosanoic acid (VII; R= CH,°CHMe-(CH,],-CHMe-[C Js"), resulting from addition of hydrogen bromide by 
peroxide catalysis. This is confirmed by the fact that its monolayer film gives a pressure/area curve similar to those of 
the afore-named acids, whereas an additional methyl branch at C-3 (from addition of hydrogen halide under antiperoxide 
reaction conditions; see following pe yo paar was found to cause a larger minimum area of the film. 

3:13: 19-Trimethyltricosanoic Acid (X).—2-Keto-A™-tridecene was prepared by the reaction between A"-dodeceno- 
nitrile (24-5 g.; b. p. 145—146°/15 mm., obtained from A’-undecenol via the chloride) and methylmagnesium iodide 
(from 14 g. ol ccumputiagta ; it distilled as a colourless liquid (19 8). b. p peesbireng® by mm., and formed a semicarbazone, 
m. p. 113—114° (from alcohol) (Found: C, 66-2; H, 10-35. C,,H,,ON, requires C, 66-4; H, 10-7%). > 

The above ketone (9-4 g.) wa8 brought to reaction with a Grignard solution from 6-methyldecyl bromide (13-5 g.; 
obtained from ethyl 6-methyldecoate by the normal procedure), magnesium (1-34 g.), and ether (45 c.c.) as described in 
previous examples. Distillation of the crude product furnished 12-hydroxy-12 : 18-dimethyl-A*-docosene (8-6 g.) as a 
colourless oil, b. p. 175—179°/0-1 mm. (Found : C, 81-2; H, 13-3. H,,0 requires C, 81-8; H,13-6%). This substance 
(8-4 g.) was dissolved in benzene (30 c.c.), and a slow current of hydrogen iodide (generated by dropping hydriodic acid 
on phosphoric oxide and passed over a column of red phosphorus on glass wool before admission to the reaction vessel) 
passed into the solution, cooled with ice-water, until saturation (about 1 hour). Next day the solution was decanted 
from small quantities of water produced, dried over anhydrous sodium ——— and the solvent slowly evaporated at 
30° (bath) under diminished pressure. The residual oil gave on reaction with ethyl sodiomalonate (from 2-7 g. of sodium 
and 35 g. of ethyl malonate) in alcohol (35 c.c.), the mixture being refluxed for 3 hours, ethyl (1 : 11 : 17-trimethyl-A™- 
heneicosenyl)malonate (7-7 g.) as a viscous oil, b. p. ernie yh mm., ny” 1-4610 (Found : C, 75-1; H, 11-6. C,,H,,.0, 
requires C, 75-3; H, 11-794). This ester (4-6 g.) in alcohol (40 c.c.) was hydrogenated in the presence of palladised 
charcoal, and the saturated material hydrolysed by refluxing with alcoholic potassium hydroxide. When the free acid 
was heated at 100° under diminished pressure, decarboxylation occurred, which was completed by heating at about 
120—130°/1 mm. 3: 13: 19-Trimethyltricosanoic acid distilled as an almost colourless viscous oil (2 g.), b. p. 206— 
208°/0-1 mm., mp” 1-4620 (Found: C, 78-7; H, 12-9. C,,H,,0, requires C, 78-8; H, 131%). It showed no signs of 
crystallisation after 2 days in the refrigerator (there are three asymmetric carbon atoms, admitting eight optical isomers). 
The amide was extremely soluble in organic solvents and distilled at 225—235° pe temperature) /0-1 mm. as a viscous 
oil which soon became a tallow-like solid, m. p. 37° (Found: N, 3-5. C,,H,,ON requires N, 3-5%). 
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97. -Polycyclic Aromatic Hydrocarbons. Part XXXI. Some Nitrogenous 
Analogues of Chrysene, Pyrene and 3: 4-Benzphenanthrene. 


By J. W. Coox and W. H. S. THomson. 


1l- and 4-Keto-1:2:3: d-eteshpteapiemntions have been used as the starting points in syntheses of 


6-azachrysene (IV), l-azapyrene ; = H), 5-methyl-4 : 6-diazachrysene, 3 : 4-benz-5-azaphenanthrene (V) 
3 : 4-benz-5 : 7-diazaphenanthrene (X; R = H), and some of their homologues and derivatives. In imidi 
ring synthesis it was found that condensation of acetamidine with 2-chloromethylene-1l-keto-1 : 2 : 3 : 4-tetra- 
hy henanthrene readily took place, but failed with the corresponding 2-hydroxymethylene compound. 





396 Cook and Thomson : 


In view of the inhibitory action on tumour growth of many carcinogenic polycyclic aromatic hydrocarbons 
attention has been devoted to the synthesis for biological test of many derivatives of these compounds (compare 
Badger and Cook, J., 1939, 802; 1940, 409; Cook and Preston, J., 1944, 553). The marked growth-inhibitory 
action of certain polycyclic compounds containing nitrogen atoms in the ring system (see 20th Annual Report 
of the British Empire Cancer Campaign, 1943, p. 19) suggested the examination of more compounds of this type, 
and we have investigated the synthesis of nitrogenous compounds related to chrysene and 3: 4-benzphen- 
anthrene. Some homologues of these two hydrocarbons have carcinogenic properties, but on the whole they 
are much less potent than derivatives of 1 : 2-benzanthracene, and it is this consideration which has led to our 
selection of the former types of ring-system. Nitrogenous ahelogues of all three types have been described 
by other workers (e.g., Borsche e¢ al., Annalen, 1937, 532, 127, 146; 1942, 550, 160; Mosettig and Krueger, 
J. Org. Chem., 1938, 3, 317; Fieser and Hershberg, J. Amer. Chem. Soc., 1940, 62, 1640). 

2-Hydroxymethylene-1-keto-1 : 2 : 3 : 4-tetrahydrophenanthrene (1) condensed smoothly with cyanoacetamide 
(compare Sen-Gupta, J., 1915, 107, 1347) to give 5-hydroxy-4-cyano-1 : 2-dihydro-6-azachrysene (II), or the 
tautomeric lactam. This was hydrolysed by hydrochloric acid at 150° to the corresponding hydroxy-acid, 
which was decarboxylated by heat to 5-hydroxy-1 : 2-dihydro-6-azachrysene (III; X = OH). 
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Treatment of the hydroxy-compound (III; X = OH) with phosphorus pentachloride led, in small yield, to a 
chloro-compound, m. p. 179°, in which dehydrogenation had occurred as well as replacement of hydroxyl. 
With phosphorus oxychloride, however, 5-chloro-1 : 2-dihydro-6-azachrysene (III; X = Cl), m. p. 115°, was 
readily formed, and this.was converted by palladium-black, in boiling tetralin, into 6-azachrysene (IV). In 
the condensation of (I) with cyanoacetamide an isoquinoline rather than a quinoline derivative could arise 
(compare Basu, J. Indian Chem. Soc., 1931, 8, 119; Basu and Banerjee, Annalen, 1935, 516, 243). That the 
products are correctly formulated, nevertheless, was shown by the alternative synthesis of 6-azachrysene from 
l-aminophenanthrene by the Skraup reaction. 4-Aminophenanthrene was similarly converted into 3 : 4-benz- 
5-azaphenanthrene (V). 

4-Acylamidophenanthrenes were readily dehydrated by phosphoric oxide in boiling xylene to l-azapyrene 
‘and its derivatives (VI; R =H, Me or Ph). The parent compound (VI; R = H) should be identical with 
thebenidine, obtained by Vongerichten (Ber., 1901, 34, 767) by distillation of the alkaloid thebenine with zinc 
dust. The m. p. of our synthetic product (157—159°) is somewhat higher than that given by Vongerichten 
for his base (m. p. 144—148°), but this does not exclude theiridentity. This synthesis of azapyrenes is analogous 
to the method used by Morgan and Walls (J., 1931, 2447) to obtain phenanthridines. 

Condensation of the hydroxymethylene ketone (I) with acetamidine to give a pyrimidine derivative could 
not be brought about. Under the conditions used, the ketone underwent auto-oxidation to 1-hydroxy-2- 
phenanthraldehyde. The corresponding chloromethylene ketone (VII) readily condensed with acetamidine in 
presence of sodium ethoxide to give 5-methyl-1 : 2-dihydro-4 : 6-diazachrysene (VIII), which was dehydrogenated 
by heating with palladium to 5-methyl-4 : 6-diazachrysene.. By similar reactions, using formamidine and 
acetamidine, 3-chloromethylene-4-keto-1 : 2: 3: 4-tetrahydrophenanthrene (IX) was converted into 3: 4-benz- 
5 : 7-diazaphenanthrene (X; R = H) and 6-methyl-3 : 4-benz-5 : 7-diazaphenanthrene (X; R = Me). 
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One of the difficulties of Windaus’s structure for colchicine (Annalen, 1924, 489, 59) is concerned with the 
behaviour of colchiceine, which reacts as a hydroxymethylene ketone rather than in the tautomeric aromatic 
o-hydroxy-aldehyde form. Simple hydroxy-aldehydes of the type of salicylaldehyde do not show this behaviour, 
and it seemed of interest to examine an o-hydroxy-aldehyde of the phenanthrene series. An attempt was 
made to methylate 3-hydroxy-4-phenanthraldehyde with diazomethane, in order to determine whether the 
resulting ether were derived from the hydroxy-aldehyde form or the hydroxymethylene ketone form. The 
product of this reaction appeared still to contain a phenolic hydroxyl group but did not react with 2 : 4-dinitro- 
phenylhydrazine; it is regarded as the oxide (XI), with which structure the analytical figures are in good agree- 
ment (compare Arndt, Eistert, and Ender, Ber., 1928, 61, 1118; 1929, 62, 44). When heated with alcoholic 
hydrogen chloride, this oxide lost a molecule of water and passed into an alkali-insoluble compound which did 
not react with 2: 4-dinitrophenyihydrazine. This compoufid is believed to be 4 : 5-(1’ : 2’-naphtha)coumarone 
(XII). 
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EXPERIMENTAL, 

2-H ydroxymethylene-1-keto-1 : 2 : 3 : 4-tetrahydrophenanthrene (1).—Sodium wire (7-5 g.), followed by ethyl formate 
(27 c.c.), was added to a cold solution of 1-keto-1 : 2 : 3 : 4-tetrahydrophenanthrene (60 g.) (Haworth, J., 1932, 1125) in 
dry toluene (300c.c.). Reaction set in, and a brown solid separated. After being kept overnight, the paste was treated 
with water. The aqueous solution, separated from the toluene layer, was washed with ether and acidified with dilute 
sulphuric acid. This precipitated an oil which Soon became a sandy brown solid. After crystallisation from methanol 
(charcoal), 2-hydroxymethylene-1-keto-1 : 2 : 3 : 4-tetrahydrophenanthrene (I) formed straw-coloured crystals (45 g.), m. p. 
84—85°, giving an intense green colour with ferric chloride in methanol (Found: C, 80-2; H, 5-4. C,,;H,,O, requires 
C, 80-3; H, 5-4%).° The methyl ether, prepared from the hydroxymethylene compound and ethereal diazomethane, 
formed colourless plates (from methanol), m. p. 96—97° (Found : C, 80-5; H. 6-0. C,,H,,O, requires C, 80-6; H, 5-9%). 

2-Chloromethylene-1-keto-1 : 2 : 3 : 4-tetrahydrophenanthrene (VII).—Thionyl chloride (6 g.) was added to finely 
powdered 2-hydroxymethylene-1-keto-1 : 2 : 3 : 4-tetrahydrophenanthrene (6-7 g.). Violent effervescence ensued, and 
the solution was kept for an hour at room temperature. The deep red solution was then poured into ice-cold 2N-sodium 
hydroxide (500 c.c.), and after 2 hours the solid was collected, washed and dried. The crude chloro-compound was 
extracted (Soxhlet) with light petroleum, and the material recovered from the extract was recrystallised from ethanol 
and then light petroleum (yield, 5-5 g.). The chloro-ketome (VII) crystallised from hexane,in agglomerates of thick 
colourless plates, m. p. 106—107° (Found: C, 74:3; H, 4-5. C,sH,,OCl requires C, 74-2; H, 4:5%). ' 

2-Aminomethylene-1-keto-1 : 2 : 3 : 4-letrahydrophenanthrene was formed when dry ammonia was passed into a solution 
of 2-hydroxymethylene-1-keto-1 : 2 : 3 : 4-tetrahydrophenanthrene (5 g.) in chloroform (50 c.c.). After 4 hours the 
precipitate was collected and recrystallised from benzene, forming tufts of red needles, m. p. 147—149° (Found: C, 
80-9; H, 5-6. C,,;H,,ON requires +4 80-7; H, 5-8%). 

3-Hydroxymethylene-4-keto-1 : 2:3: 4-tetrahydrophenanthrene (7-3 g.) was obtained from 4-keto-1 : 2:3 : 4-tetra- 
hydrophenanthrene (10 g.) (Haworth, Joc. cit.) in the manner described above for the l-keto-compound. It formed 
lemon-yellow tablets (from light petroleum), m. p..39—41° (Found : C, 80-25; H, 5-5. C,;H,,0, requires C, 80-3; H, 
54%), and reacted with ethereal diazomethane to give the methyl ether; this crystallised from acetone in thick straw- 
coloured rods, m. p. 110—112° (Found: C, 80-7; H, 5-8. C,,H,,O, requires C, 80-7; H, 5-9%). 

3-Chloromethylene-4-keto-1 : 2 : 3 : 4-tetrahydrophenanthrene (15 g.) was prepared from the hydroxymethylene ketone 
(17-7 g.) and thionyl chloride (18 g.) as described above for its isomeride, except that the reaction was completed by 
heating on the water-bath (} hour).. The chloro-compound (IX) crystallisedfrom light petroleum as long greenish-white 
plates, m. p. 94—96° (Found: C, 74-3; H, 4-5. C,sH,,OCl requires C, 74-2; H, 45%). 

5-H ydroxy-4-cyano-1 : 2-dihydro-6-azachrysene (II).—A solution of cyanoacetamide (3-4 g.) in water (25 c.c.) and then 
piperidine (1-5 c.c.) were added to a solution of 2-hydroxymethylene-1l-keto-1 : 2 : 3 : 4-tetrahydrophenanthrene (9 g.) in 
aqueous ethanol (250 to 500 c.c.), and the mixture kept at 40° for 100 hours. The brown powder which had separated 
was collected, more piperidine (1-5 c.c.) was added to the filtrate, after concentration, and this was heated at 40° for a 
further 100 hours. The product which separated was added to the first portion and recrystallised four times from 
acetic acid (charcoal). The cyano-compound (II) formed yellow microscopic needles, m. p. 364—366° (Found: C, 
67-6; H, 5-0. C,,H,,ON,,2C,H,O, requires ic. 67-4; H, 51%). A 

5-Hydroxy-1 : 2-dihydro-6-azachrysene-4-carboxylic Acid.—The cyano-compound (II) (0-5 g.) was heated in a sealed 
tube at 150° for 3 hours with hydrochloric acid (d 1-19; 10 c.c.). The resulting acid formed soft fine yellow needles, 
m. p. 324—325° (from ethylene glycol monomethyl ether), soluble in sodium carbonate solution (Found: C, 74°5; H, 
45; N, 5-55. C,,H,,0,N requires C, 74-2; H, 4-5; N, 4-8%). Ethereal diazomethane converted this acid into the 
alkali-insoluble methyl 5-methoxy-1 : 2-dihydro-6-azachrysene-4-carboxylate, colourless needles, m. p. 118—120° (from ethanol) 
(Found : C, 75-5; H, 5-25; N, 4-5. C,yoH,,0,N requires C, 75-2; H, 5-3; N, 44%). The acid was decarboxylated by 
heating for 10 minutes at 340—350°. The product was sublimed at 200°/0-2 mm., and the sublimate was crystallised 
from methanol, giving a small amount of sparingly soluble, pale yellow leaflets, m. p. 344—345°, probably 5-hydroxy-6- 
azachrysene (see below), and a larger amount of 5-hydroxy-1 : 2-dihydro-6-azachrysene (III; X = OH), which was obtained 
more conveniently in 90% yield from the cyano-compound (II) by heating with fuming hydrochloric acid in a sealed tube 
at 170—180° for 4 hours. This dihydro-compound formed long yellow prisms om methanol), m. p. 275—276° (Found : 
C, 82-4; H, 5-0; N, 5-8. C,,H,,ON requires.C, 82-6; H, 5-3; N, 57), It dissolved in hot sodium hydroxide solution 
(but not in carbonate), and the solution, when cooled, deposited colohrless leaflets of the sodium salt, m. p. 526—528°. 


The sodium salt (0-25 8). when heated at 100° for 14 hours with methyl sulphate (5 c.c.), gave a water-insoluble com- 
ised from acetone in greeni 


pound, which crys sh-yellow rhombs, m. p. 211—212° (Found : C, 60-3; H, 4-4; N, 4-4%). 
The nature of this compound, which contained sulphur, has not been investigated further. The hydroxy-compound 
was recovered unchanged when its sodium salt was heated with methyl iodide in ethanol, and attempted methylation 
with diazomethane in ether-dioxan was likewise unsuccessful. 5-Acetoxy-1 : 2-dihydro-6-azachrysene (IIl; X = 
O-COMe), prepared from the hydroxy-compound (0-25 g.) by heating on the water-bath (} hour) with acetic anhydride 
(0-2 g.) in pyridine (5 c.c.), erystallised from ethanol in colourless needles, m. p. 145—147°, having a violet or blue fluor- 
escence (Found: C, 78-8; H,5-2; N,5-0. C,,H,,;0,N requires C, 78-9; H, 5-2; N,5-2%). 5-Benzoyloxy-1 : 2-dihydro-6- 
azachrysene (III; X = O-COPh), prepared from hydroxy-compound and benzoyl chloride by the Schotten—-Baumann 
method, formed short colourless needles (from ethanol), m. p. 209—210° (Found : C, 81-95; H, 4-7; N,4-2. C,,H,,O,N 
requires C, 82-1; H, 4-8; N, 4-0%). ; , , 

5-Hydroxy-6-azachrysene was obtained in good yield from its dihydride (III; X = OH) (0-2 g.) by heating with 
palladium-black (20 mg.), first at 290—300° for an heur and then at 350° for 1} hours. The volume of hydrogen liberated 
corresponded with loss af one molecule from the substance. The product crystallised from ethanol in almost colourless 
needles, m. p. 355—365° (decomp.) (Found : C, 84-0; H, 4-4; N, 5-5. C,,H,,ON requires C, 83-3; H, 4:5; N, 5-7%). 
Its acetate, prepared with acetic anhydride in pyridine at 100°, formed colourless silky needles (from ethanol), m. p. 
149—151° (Found : C, 79-4; H, 4-3. CyH,,;0,N requires C, 79-4; H, 4-5%). , 

5-Chloro-6-azachrysene. A mixture of the hydroxy-compound (III; X = OH) (1 g.), phosphorus pentachloride 
(1 g.), and chlorobenzene (60 c.c.) was heated in an oil-bath at 150° for 3} hours. The solvent and phosphorus oxychloride 
were removed under reduced pressure, the last traces being eliminated by a second evaporation after addition of benzene. 
Fractional crystallisation of the residue from acetic acid gave 5-chloro-6-azachrysene (0-2 g.) as colourless leaflets, m. p. 
179—180°, and the more soluble 5-hydroxy-6-azachrysene (0-2 g.), m. p. 362—364° (decomp.), formed by dehydrogenation 
without replacement of hydroxyl (Found: C, 83-6; H, 4-5; iy 5-6%). This sample did not depress the m. p. of the 
specimen prepared as described in the preceding paragraph. n 

5-Chloro-1 : 2-dihydvo-6-azachrysene (III; X = Cl).—A mixture of the hydroxy-compound (III; X = OH) (2-7 g.) 
and-phosphorus oxychloride (11 c.c.) was heated in a sealed tube at 175° for 7 hours. After cooling, the contents of the 
tube were poured on ice, and the solid product was cqllected and recrystallised from aqueous acetic acid (yield, 2-1 g.). 
The chloro-compound (III; X = Cl) formed large colourless plates, m. p. 115—116° (Found: C, 77-0; H, 4-4; N, 5-1. 
C,,H,,NCl requires C, 76-85; H, 4-5; N, 5-3%). 
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6-A zachrysene (1V).—(a) A solution of 5-chloro-6-azachrysene (0-2 g.), m. p. 179°, in boiling tetralin (25 c.c.) was 
boiled under reflux for 19 hours with palladium-black (20 mg.). Hydrogen chloride was slowly evolved. The filtered 
solution was evaporated under reduced pressure, the residue re-evaporated with benzene, and the residual brown oi] 
triturated with light petroleum; it then crystallised. The picrate of 6-azachrysene, prepared from this material in 
ethanol, formed fine yellow needles, m. p. 256—258° (from ethanol) (Found: C, 60-4; H, 2-9; N, 12-2, 
C,,H,,N,C,H,O,N, requires C, 60-3; H, 3-1; N, 12-2%). The free base was obtained from the pure picrate by boiling 
with dilute aqueous ammonia. After recrystallisation from aqueous acetone and then hexane, 6-azachrysene (IV) formed 
$19 colourless prisms, m. p. 137—138° (Found: C, 89-3; H, 4:6; N, 6-1. (C,,H,,N requires C, 89-1; H, 4-8; N, 
6-1%). 

(b) 5-Chloro-1 : 2-dihydro-6-azachrysene (2-1 g.) was similarly converted into 6-azachrysene by palladium-black in 
boiling tetralin, The free base (1-2 g.) obtained from the purified picrate was identical with that obtained as described 
under (a). The completely aromatic character of this compound was confirmed by the fact that it did not evolve hydrogen 
when heated with palladium-black at 300°. 

(c) 1-Aminophenanthrene was prepared from the oxime of 1-keto-1 : 2 : 3: 4-tetrahydrophenanthrene by Schroeter’s 
method, the procedure used being essentially that of Langenbeck and Weissenborn (Ber., 1939, 72, 726). Concentrated 
sulphuric acid (1 c.c.) was added, with stirring, to a mixture of l-aminophenanthrene (1 g.), crystalline ferrous sulphate 
(0-2 g.), glycerol (2 g.), afd nitrobenzene (1 c.c.), and the whole was heated first at 145° in an oil-bath for an hour and 
then over a free flame for 2 hours. The product was freed from nitrobenzene by steam-distillation, and the filtered solu- 
tion boiled with charcoal. The solution (about 150 c.c.) was then poured into saturated brine (500.c.c.) ; this precipitated 
the hydrochloride of the base as a brown solid, which was collected and treated with aqueous ammonia. The crude base 
was purified through its picrate, which melted at 258—260° alone or mixed with the picrate as described under (a). 
The regenerated base had m. p. 137—139°, in agreement with the figure given above for eee. 

3: 4-Benz-5-azaphenanthrene (V).—4-Aminophenanthrene was prepared by the following modification of the method 
of Langenbeck and Weissenborn (loc. cit.) : Dry hydrogen chloride was passed for 3 hours through a solution, heated on 
the water-bath, of the oxime,-m. p..171—173° (compare Schroeter, Miiller, and Huang, Ber., 1929, 62, 658) of 4-keto- 
1: 2:3: 4-tetrahydrophenanthrene (5-2 g.) in acetic acid (25 c.c.) and acetic anhydride (3 c.c.). After cooling, with 
continued passage of hydrogen chloride, the precipitate, which separated only after vigorous scratching, was collected, 
washed with ether, and dissolved in hot water (400 c.c.) containing a little hydrochloric acid. Addition of ammonia to 
the cold filtered solution precipitated 4-aminophenanthrene (0-7 g.). This melted at 63—64°, in agreement with Krueger 
and Mosettig (J. Org. Chem., 1938, 8, 340) bu€ not in agreement with Langenbeck and Weissenborn (/oc. cit.) or with Schmidt 
(Ber., 1911, 44, 1502; 1922, 55, 1194). : ; 

A mixture of 4-aminophenanthrene (1 g.), sodium m-nitrobenzenesulphonate (2 g.), concentrated sulphuric acid 
(2-5 c.c.), water (2-5 c.c.), and glycerol (1-5 c.c.) was boiled under reflux for 2} hours. The dark red solution was poured 
into water (100 a boiled with charcoal, and filtered. Addition of ammonia gave a dark precipitate, which after 
crystallisation from light petroleum and then aqueous methanol had m. p. 93—94° (yield, 0-25 g.). The base was purified 
through its hydrochloride, precipitated by passing hydrogen chloride into a solution of the base in benzene. This salt 
was dissolved in water, and the base was precipitated with ammonia and crystallised from methanol. 3 : 4-Benz-5- 
azaphenanthrene (V) formed colourless rectangular plates, m. p. 95—96° (Found: C, 89-0; H, 5-0; N, 6-1. C,,H,,N 
requires C, 89-1; H, 4-8; N, 6-1%), and gave a picrate, small yellow plates (from methanol), m. p. 200—201° (Found: 
C, 60-1; H, 3-3. C,,H,,N,C,H,O,N; requires ll 60:3; H, 3-1 %). 

1-Azapyrene (VI; R = H).—4-Formamidophenanthrene was prepared from 4-aminophenanthrene (1-9 g.) and 98— 
100% formic acid (0-5 g.) by heating on the water-bath for 2 hours. The solid mass was ground under acidulated water 
and recrystallised from ethanol, forming long, colourless, silky needles; m. p. 208—210° (Found : C, 81-4; H, 4:9; N, 6-2. 
C,5H,,ON requires C, 81-45; H, 5-0; N,6:3%). For dehydration, a solution of this formyl compound (1-8 g.) in purified 
xylene (250 c.c.) was heated for } hour in an oil-bath at 160° with phosphoric oxide (6 g.). The residue which remained 
after decantation of the xylene solution was dissolved in water, the aqueous solution freed from traces of xylene by boiling, 
and the base precipitated by ammonia. It was purified through its picrate, m. fr 250—253° after softening (from acetic 
acid) (Found : C, 58-5; H, 2-7; N, 13-0. C..HN.C,H,0,N, uires C, 58-3; H, 2-8; N,13-0%), and the base regener- 
ated by treatment with ammonia. 1-Azapyrene (VI; R =H) (0-55 ) formed colourless needles, m. p. 157—159° 
(Found: C, 88-6; H, 4-5; N, 6-8. C,sH,N requires C, 88-7; H, 4-4; N, 6-9%). 5 ; : ; 

2-Methyl-l-azapyrene (VI; R = Me).—4-Acetamidophenanthrene was prepared by acetylating the amine with acetic 
anhydride in pyridine. It had m. p. 198—200° (from benzene-light petroleum) (Krueger and Mosettig, Joc. cit., give 
m. p. 196—197°). Cyclisation with phosphoric oxide was carried out as described for the formamido-compound. 
2-Meth oe ow (VI; R= Me) was purified through its picrate, orange-yellow needles, m. p. 240—241° (from 
ethanol) (Found : C, 59-3; H, 3-2; N, 12-7. C,sH,,N,C,H,O,N, requires C, 59-2; H, 3-1; N, 12-6%), and then formed 
colourless, thick, rhombic tablets (from hexane), m. p. 139—141° (yield, 0-65 g. from 1-5 g. of 4-acetamidophenanthrene) 
(Found : C, 88-7; H, 5-0; N, 6-4. C,,H,,N requires C, 88-5; H, 5-1; N, 6-45%). ; 


2-Phenyl-l-azapyrene (VI; R = Ph).—4-Benzamidophenanthrene was prepared from 4-aminophenanthrene by 
treatment with benzoyl chloride in pyridine. It crystallised from benzene-light petroleum in tufts of colourless needles, 
m. p. 216—218°, in agreement with Krueger and Mosettig (loc. cit.). From the mother-liquors was isolated 4-dibenzoyl- 
aminophenanthrene in thick colourless crystals, m. p. 190—192° (Found: C, 83-9; H, 4-9; N, 3-6. C,,H,,0,N requires 
C, 83-3; H, 4-7; N, 35%). Cyclisation of 4-benzamidophenanthrene with phosphoric oxide was effected as described 


for the formamido-compound.  2-Phenyl-l-azapyrene (VI; R = Ph) formed colourless silky needles (from ethanol), 
m. p. 143—144° (Found: C, 90-5; H, 4:7; N, 5-0. C,,H,,N requires C, 90-3; H, 4-7; N, 5-0%), and gave a picrate 
N, 110%) golden-yellow blades (from ethanol), m. p. 356 358° (Found: N, 10-9. C,,;H,,N,C,H,O,N, requires 
: “ y . . . 
Attempted Condensation of 2-Hydroxymethylene-1-keto-1 : 2: 3 : 4-tetrahydrophenanthrene with Acetamidine.—A solution 
of the hydroxymethylene ketone (2-5 g.) in ethanol (30 c.c.) was added to a solution of sodium ethoxide (from 225 mg. of 
sodium and 5 c.c. of ethanol), and the mixture added to a solution of acetamidine hydrochloride (1-05 g:) in ethanol 
(20 c.c.). After being kept at room temperature for 5 days, the brown solution was poured into water (11). Aftera 
month the suspended solid was collected, dried, and extracted (Soxhlet) with light petroleum. The extract gave red 
needles, which on repeated crystallisation from light petroleum were transformed into yellow plates, m, p. 125—127", 
consisting of 1-hydroxy-2-phenanthraldehyde (Found: C, 80-9; H, 4-4. CysH 0, requires C, 81-0; H, 45%). The 
substance, which did not contain nitrogen, was soluble in sodium hydroxide solution, and with hydroxylamine hydro- 
chloride in pyridine at 100° gave an oxime, crystallising from light petroleum in fawn needles, m. p. 188—189° (Found : 
C, 76-6; H, 4:6; N, 6-0. C,,H,,0,N requires C, 76-0; H, 4-6; N;, 6-9%). When this reaction was attempted by 
heating the reactants at 100° for 2 hours and then keeping at room temperature in the absence of air, a small amount of 
1-keto-1 : 2 : 3 : 4-tetrahydrophenanthrene was isolated. ' 
5-Methyl-1 : 2-dihydro-4 : 6-diazachrysene (VIII).—Acetamidine hydrochloride (1-9 g.) was added to a solution of 
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2-chloromethylene-1-keto-1 : 2 : 3 : 4-tetrahydrophenanthrene (VII) (4-85 g.) in ethanol (80 c.c.), followed by a solution 
of sodium ethoxide (from 1-4 g. of sodium in 40 c.c, of ethanol). Sodium chloride was precipitated and the solution 
became deep red; it was heated on the water-bath for 14 hours, kept overnight, concentrated to half its volume under 
reduced pressure, and then poured into dilute hydrochloric acid (2$1.). The heated solution was clarified with charcoal, 
cooled, and made alkaline with ammonia. After standing overnight, the colourless precipitate of the pyrimidine deriv- 
ative (VIII) was collected (3 g.) and recrystallised from light petroleum, and then hexane. It formed thin colourless 
blades, m. p. 142—143° (Found: C, 83-0; H, 5-7; N, 11-2. C,,H,,N, requires C, 82-9; H, 5-7; N, 11-4%), and gave 
a yellow, microcrystalline picrate (from ethanol), m. p. 225—227° (decomp.) (Found: C, 58-2; H, 3-8; N, 14-9. 
C,H, ,N,,C,H,O,N, requires C, 58-1; -H, 3-6; N, 14-7%). J 

This dihydro-compound (0-5 g.) was rapidly dehydrogenated by palladium-black (50 mg.) at 200—250° to 5-methyl- 
4: 6-diazachrysene (0-25 g.), which formed pale greenish-yellow leaflets (from ethanol), m. p. 196—197°, soluble in cold 
dilute hydrochloric acid (Found: C, 83-4; H, 4:8; N, 11-5. C,,H,,N, requires C, 83-6; H, 4:9; N, 115%). Its 
picrate formed orange prisms (from Rev ng m. p. 230—231° (decomp.) (Found: C, 58-3; H, 3-1; N. 14-9. 
C,,H,,.N,,C,H,O,N,; requires C, 58-3; H, 3-2; » 14-8%). 

9 : 10-Dthydro-3 : 4-benz-5 : 7-diazaphenanthrene —Formamidine hydrochloride (Pinner, Ber., 1883, 16, 352, 1647) 
(1-6 g.) and then sodium ethoxide (from 1-4 g. of sodium in 40 c.c of ethanol) were added to a solution of 3-chloromethyl- 
ene-4-keto-1 : 2 : 3 : 4-tetrahydrophenanthrene (IX) (4-85 g.) in ethanol (80 c.c.). The red solution was heated on the 
water-bath for 1} hours, then kept at room temperature overnight, and the product isolated as in the case of the analogous 
pyrimidine derivative already described. The crude base was an oil, which was purified by passing its solution in benzene 
through a column of alumina. The purified 9 : 10-dihydro-3 : 4-benz-5 : 7-diazaphenanthrene (2-8 g.) formed colourless 
ee (from light petroleum), m. p. 70—71° (Found: C, 82-9; H, 5-4; N, 12-2. C, HipNo requires C, 82-75; H, 5:2; 

, 12-1%). Its picrate crystallised from ethanol in deep yellow prisms, m. p. 238239 (decomp.) (Found: C, 57-4; 
H, 3-1. C,4H,.N,,C,H,O,N, requires C, 57°3; H, 3-25%). 

3 : 4-Benz-5 : 7-diazaphenanthrene.—The dihydro-compound (1:8 g.). was heated at 200° for 4 hours with palladium- 
black (0-2 g.) in an atmosphere of carbon dioxide. The product was purified by crystallisation from light petroleum 
and then ethanol (charcoal), then sublimation at 140°/0-3 mm., and finally crystallisation from ethanol, and then hexane. 
3 : 4-Benz-5 : 7-diazaphenanthrene (X; R = H) formed small colourless rhombs, m. p. 155—156° (Found: C, 83-3; 
H, 4-5; N, 12-2. C,,H,N, requires C, 83-5; H, 4-35; N, 12-2%). Its picrate, prepared in ethanol, formed fine yellow 
needles, m. p. 255—258° (decomp.) (Found: C, 57-5; H, 2-9. CicHieNs,CgH,0,Ns requires C, 57-5; H, 2-8%). 

6-Methyl-9 : 10-dihydro-3 : 4-benz-5 : 7-diazaphenanthrene was prepared from 3-chloromethylene-4-keto-1 : 2: 3: 4- 
tetrahydrophenanthrene (4-85 g.) and acetamidine hydrochloride (1-9 g.) as described for 5-methyl-1 : 2-dihydro-4 : 6- 
diazachrysene. It crystallised from hexane or light petroleum in thick colourless prisms, m. p. 102—103° (Found : 
C, 83-0; H, 5-6; N, 11-35. C,,H,,N, requires C, 82-9; H, 5-7; N, 11-4%), and gave a picrate which formed fine yellow 
needles ag ~~ m. p. 216—217° (decomp.) (Found: C, 58-3; H, 3-6; N, 14-8. C,,H,,N,,C,H,O,N, requires 
C, 58-1; H, 3-6; N, 14-79%). 

Dehydrogenation to He : 4-benz-5 : 7-diazaphenanthrene (X; R = Me) with palladium-black at 200° (4 hours) 
in an atmosphere of carbon dioxide was carried out in the usual way. The product, obtained in good yield, formed long, 
white, silky needles (from hexane), m. p. 133—134° (Found: C, 83-5; H, 5-0; N, 11-5. C,,H,,N, requires C, 83-6; 
H, 4-9; N, 115%). This base gave a yellow Som, m. p. 217—219° (decomp.) (Found: C, 58-3; H, 3-4; N, 14:8. 
C,,H,,N2,C,sH,O-N, requires C, 58-3; 74 3:2; N, ae) 

Action of Diazomethane on 3-Hydroxy-4-phenanthraldehyde.—A solution of diazomethane (from 4 g. of nitrosométhyl- 
urea) in ether (50 c.c.) was added to a solution of 3-hydroxy-4-phenanthraldehyde (Smith, J., 1916, 108, 568) (1-6 g.) in 
ether (25 c.c.), and the mixture kept at room temperature for 3 days. The gum obtained by evaporation was treated 
for several hours with boiling light petroleum and the dark coloured solid which remained was collected, rapidly washed 
with a little cold benzene, and recrystallised three times from benzene-light petroleum (charcoal). 3-Hydroxy-4-phen- 
ones ane gg oxide (XI) formed colourless narrow blades, m. p. 152—153° (Found: C, 81-6; H, 4:95. CygH 4,0. 
requires C, 81-4; H,5-1%). A solution of this oxide (50 mg.) ine ol (3-5 c.c.), concentrated hydrochloric acid (1 c.c.), 
and water (2 c.c.) was boiled for 2 hours. After cooling, the solution was kept overnight and the colourless plates which 
crystallised were sublimed at 95°/3 mm. 4: 5-(1’ : 2’-Naphtha)coumarone (XII) formed a colourless, microcrystalline 
powder, m. p. 114—115° (Found: C, 87-7; H, 4:4. C,,gH,O requires C, 88-0; H, 4-6%). 


We are indebted to Imperial Chemical Industries, Ltd. (Dyestuffs Division) for financial provision which enabled one 
of us (W. H. S. T.) to carry out the experiments here recorded. The early part of the work was carried out during the 


tenure of a Carnegie Scholarship (by W. H. S. T.), for which we also express our thanks. Micro-analyses were made by 
Mr. J. M. L. Cameron. 
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98. Experiments in the Piperidine Series. Part I. 
By A. H. Coox and K. J. REep. 


Addition of methylamine to acrylonitrile gave mono- and bis-8-cyanoethylmethylamine, of which the latter 
was converted into derivatives of 4-piperidone and thence into more complex heterocyclic systems. Attempts 
to prepare piperidone homologues by similar routes were unsuccessful, but £-cyanoethyl(carbethoxymethy])- 
methylamine was prepared and cyclised to pyrrolidone derivatives. 


THESE experiments arose from the need for 4-piperidone derivatives for conversion into compounds of possible 
analgesic activity. Prill and McElvain (J. Amer. Chem. Soc., 1933, 55, 1236) obtained ethyl 1-methyl-4- 
piperidone-3-carboxylate by Dieckmann ring closure of bis-(f-carbethoxyethyl)methylamine and described 
its hydrolysis to 1-methyl-4-piperidone. During the present work methyl 1-methyl-4-piperidone-3-carboxylate 
and its hydrochloride were prepared by similar methods. The methyl resembled the ethyl ester in the free 
state in readily undergoing an irreversible change to a water-soluble solid, although the nature of the change 
was not elucidated. In view of this sensitivity, a similar series of reactions involving the corresponding 
nitriles was investigated. Methylamine and acrylonitrile easily afforded §-cyanoethylmethylamine (1) or bis- 
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(8-cyanoethyl)methylamine (II) according to the proportions of reactants and conditions. The former was 
characterised as its hydrochloride, picrate, and a-naphthylurea, and (II) as its picrate. B.P. 404,744 describes 


(I.) NHMe-CH,-CH,*CN NMe(CH,°CH,°CN), _(II.) 


reactions of this type, although none of the examples describes the use of methylamine. The nature of these 
cyanoethyl compounds was confirmed by alcoholysis to known products obtained by addition of methylamine 
to methyl and ethyl acrylates, which were identified as their picrates. (II) was smoothly cyclised by sodium 
to 4-imino-3-cyano-1-methylpiperidine (III), characterised as its picrate, which was hydrolysed to the hydro- 
chloride of 3-cyano-1-methylpiperidone (IV); the free base was, however, at least as sensitive as the corre- 
sponding esters and attempts to obtain it pure failed. An attempt to perform the cycJisation with potassium 
in liquid ammonia led to an altered ‘product, and although cryoscopic determinations of molecular weights 
were untrustworthy, analysis indicated that it was a hydrochloride of a base isomeric with the starting material. 
It was regarded as probably a linear iminonitrile dimeride. 

These 8-keto-acid derivatives underwent several typical condensations. For instance, methyl 1-methyl- 
4-piperidone-3-carboxylate condensed with benzamidine with surprising facility; from analytical evidence 
and the fact that the product was identical with that from the corresponding ethyl ester it must be formulated 
as the hydroxy-pyrimidine (V). When benzamidine was replaced by guanidine, condensation was equally 


CH,—CH, Au -CH, 

NMe Sen NMe co 

\cH,—Cit-cN \cH,—CH-cN 
(II1.) (IV.) 


easy and again, as both esters afforded the same product, it is to be expressed as the aminohydroxypyrimidine 
(VI). On the other hand, reaction with urea to give the dihydroxypyrimidine (VII) required more drastic 
conditions and a similar condensation with S-methylisothiourea has not so far been observed. 
Mca Tice 
Me =N 
on 
Ncw poou 
; HO-C—N 
Although methyl and ethyl 1-methyl-4-piperidone-3-carboxylate were readily converted into 1-methyl-4- 
piperidone, characterised as its picrate, by hot 20% hydrochloric acid (cf. Thayer and McElvain, J. Amer. 
Chem. Soc., 1927, 41, 2862), similar hydrolysis of the cyanopiperidone was less successful. Attempts to pre- 
pare 1-methyl-4-piperidonephenylhydrazone led to a colourless compound which analysis showed to be the 
required derivative, C,,H,,;N3. This was, however, unstable, and even on crystallisation under ordinary 
conditions it absorbed oxygen and afforded a coloured compound, C,,H,,O,N;. Catalytic hydrogenation of 
this derivative resulted in absorption of 2-2 g.-mols. of hydrogen, but the original phenylhydrazone was not 
regenerated and the nature of the oxygenated product remains obscure. In other ways the phenylhydrazone 
appeared to be normal, and it was cleanly converted into 4-methyl-2 : 3 : 4 : 5-tetrahydro-4-carboline (VIII). 


CHMe—CH‘CO,Et 


CH —— 
On - pO say 
YN cH / : ees 


N NHMe:CH,-CHMe-CN HO-C—N 
(VIII.) (IX.) (X.) 


The facility with which many of the above reactions took place led to attempts to obtain further! sub- 
stituted piperidine derivatives by similar methods. 

Equimolecular amounts of methylamine and methacrylonitrile gave a good yield of §-cyano-n-propyl- 
methylamine (IX), characterised as its picrate and a-naphthylurea, but under no conditions was there any 
evidence of the formation of the desired bis-(8-cyanopropyl)methylamine. Extensive efforts were also made 
to obtain appropriate cyano-esters by (a) addition of 8-cyanoethylmethylamine to ethyl crotonate, (b) addition 
of acrylonitrile to ethyl 8-methylaminobutyrate, (c) reaction of @-chloropropionitrile with ethyl -methyl- 
aminobutyrate, or (d) reaction of B-cyanoethylmethylamine with ethyl @-chlorobutyrate. In (a) and (6) 
only complex mixtures were recovered; (c) likewise afforded mixtures of (presumably) condensation products 
and deamination of the methylaminobutyric ester to ethyl crotonate was the only reaction identified, whilst 
in (d) the main reaction was removal of hydrogen chloride from the chloro-ester. (a) and (6), and the addition 
of methylamine to methacrylonitrile provide examples of the expected decrease in reactivity of acrylic deriv- 
atives consequent upon the introduction of a methyl group into the «- or $-position. Although the desired 
reaction (d) was not realised, 8-cyanoethylmethylamine and ethyl chloroacetate gave an excellent yield of 
8-cyanoethyl(carbethoxymethyl)methylamine, which was cyclised by sodium. The results of Prill and McElvain 
(loc. cit.) suggest that, of the alternative modes of cyclisation, the formation of 3-cyano-1-methyl-4-pyrrolidone 


(VII.) 
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will prevail and the isolation of 3-cyano-l-methyl-4-pyrrolidone and 1-methyl-4-pyrrolidone-3-carboxyamide 
confirmed this expectation. The preparation of simple methylated analogues of the piperidine derivatives 
described above was not accomplished, and this part of the project was abandoned. 


EXPERIMENTAL. 


Acrylonitrile (30 g.) was slowly added with stirring and cooling to methylamine (21 g.) in methanol (73 g.), and 
the solution kept for 24 hours. Removal of solvent, and distillation gave B-cyanoethylmethylamine (37 g., 78%), b. p. 
74°/16 mm., n}S* 1-4342 (Found: C, 57-3; H, 9-5. C,H,N, requires C, 57-1; H, 9-6%). A small amount of bis(cyano- 
ethyl)methylamine (below) was obtained from the higher-boiling fractions. $-Cyanoethylmethylamine was very 
soluble in water and most organic liquids. The hydrochloride separated from ethanol-ether as deliquescent needles, 
m. p. 83—85°, subliming at 60° in a high vacuum; the picrate crystallised from ethanol in rhombic plates, m. p. 131— 
132° (Found: N, 22-05. (C,)H,,0,N, requires N, 22-35%); reaction with a-naphthyl isocyanate in benzene gave the 
a-naphthylurea derivative, which separated from benzene as large needles, m. p. 105—107° (Found : N, 16-55. C,,H,,ON, 
requires N, 16-6%). 

Acrylonitrile (17 g.) was heated (sealed tube) with methylamine (11 g.) at 80° for 16 hours. Distillation gave bis- 
(B-cyanoethyl)methylamine as a viscous liquid, b, p. 195—198°/20 mm. or 138°/5 mm., n}~° 1-4633 (Found: C, 60-95; 
H, 8-25. C,H,,N; requires C, 61-2; H, 8-0%). The amine was miscible with water, ethanol, or chloroform but sparingly 
soluble in light petroleum; its picrate separated from ethanol as needles, m. p. 172° (Found: N, 23-1. C,,;H,,0,N, 
requires N, 22-95%). 8-Cyanoethylmethylamine (42 g.), concentrated sulphuric acid (100 g.), and ethanol (125 g.) 
were heated under reflux for 5 hours, the solution diluted with water (300 c.c.), and potassium carbonate added. Liber- 
ated B-carbethoxyethylmethylamine was taken up in chloroform and distilled. It had b. p. 65°/15 mm., m}f* 1-4451 
(yield, 24 g.); the picrate crystallised from ethanol-light petroleum in needles, m. p. 92—93° (Found: N, 15:8. 
C12H,,0,N, requires N, 15-55%). Alcoholysis of bis-(B-cyanoethyl)methylamine was carried out similarly for 20 hours 
to yield bis-(B-carbomethoxyethyl)methylamine (yield 46%), b. p. 137—140°/14 mm., n}j* 1-4462; the picrate separated 
from ethanol in rhombic prisms, m. p. 113° (Found: N, 12-5. C,s5H,» 0,,N, requires N, 13-0%), identical with a picrate 
prepared from Morsch’s product (Monatsh., 1933, 68, 229). 

Bis-(8-cyanoethyl)methylamine (13-7 g.) in liquid ammonia (400 c.c.) was treated with potassium (7-8 g.) with stirring 
during 3 hours. After a further 2 hours, ammonium chloride (20 g.) and ether (150 c.c.) were added, and ammonia 
removed; extraction of the residue with cold ethanol (200 c.c.) and treatmentyof the extract with hydrogen chloride 
gave the dimeride(?) hydrochloride, which separated from acetic acid in small prisms, m. p. 210—220° (decomp.), varying 
with the rate of heating [Found: ©, 48-2; H, 7-0. (C,H,,N,Cl), requires C, 48-4; H, 6-95%]. 

A suspension of ‘‘ molecular ’’ sodium (1-5 g.) in toluene (20 c.c.) containing apg NR oye opens (10 g.) 
was warmed to 60°, and the vigorous exothermic reaction completed by refluxing for 15 mins. The celd product was 
decomposed with ice-water, and the aqueous solution acidified (Congo-red) and saturated with potassium carbonate at 
<10°. 4-Imino-3-cyano-l-methylpiperidine was precipitated, and more obtained by extracting the mother-liquors 
with chloroform. It separated from acetone or benzene in large prismatic needles, m. p. 122—123° (Found: C, 60-9; 
H, 8-4; M, cryoscopic in camphor, 141. C,H,,N, requires C, 61-2; H, 8-0%; M, 137); its picrate separated from 
acetone—ethanol in orange rosettes, m. p. 160—162° (Found: N, 23-0. C,,;H,,0,N, requires N, 22-95%). The finely 
powdered imino-nitrile (2 g.) was added to 25% hydrochloric acid (3-5 c.c.), and solution completed by warming for 
15 mins. (steam-bath). Evaporation to dryness in a vacuum, extraction with ethanol (50 c.c.), and addition of ether 
precipitated 3-cyano-l-methyl-4-piperidone hydrochloride, which separated from ethanol—ether (1:1) im small prisms, 
m. p. 167° (decomp.) (Found: N, 16-05. C,H,,ON,Cl requires N, 16-05%). 

Bis-(8-carbomethoxyethyl)methylamine was cyclised by the method described by Prill and McElvain (loc. cit.) for 
the diethyl ester. Methyl 1-methyl-4-piperidone-3-carboxylate hydrochloride crystallised from ethanol-ether in prisms, 
m. p. 165° (decomp.) (Found: N, 6-8. C,H,,0,NCl requires N, 6-75%). Treatment of the latter with potassium 
carbonate liberated methyl 1-methyl-4-piperidone-3-carboxylate as an oil, b. p. 87—88°/4-5 mm. (Found: C, 56-3; H, 7°6. 
C,H,,0,N requires C, 56-15; H, 7-65%). 

_ Ethyl 1-methyl-4-piperidone-3-carboxylate hydrochloride (4-4 g.) and benzamidine hydrochloride (3-2 g.) in the 
minimum of water were. added to potassium carbonate (6 g.) in water (30 c.c.). After 12 hours’ standing, 4-hydroxy- 
2-phenyl-5 : 6-(1’ : 2’ : 3’ : 6’-tetrahydro-1’-methyl-5’ : 4’-pyrido)pyrimidine (3-6 g.) was filtered off; it was amphoteric, 
and crystallised from ethanol in long, pale yellow needles, m. p. 225—227° (Found: C, 69-9; H, 6-2. C,,H,,;ON, 
requires C, 69-7; H, 625%). The compound was obtained similarly from the methyl ester. Ethyl 1l-methyl-4- . 
piperidone-3-carboxylate hydrochloride (3-2 g.) and guanidine nitrate (1-8 g.), each in the minimum of water, were 
added to potassium carbonate (4 g.) in cold water (30 c.c.). After 8 hours 2-amino-4-hydroxy-5 : 6-(1’ : 2’ : 3’ : 6’-tetra- 
hydro-1’-methyl-5’ : 4’-pyrido)pyrimidine (1-9 g.) was filtered off and recrystallised from water, separating in glistening 
leaflets, m. p. 284° (decomp.) (Found: C, 589; H, 7-1. C,gH,,ON, requires C, 53-3; H, 6-7%); it was amphoteric, 
and sparingly soluble in the common organic solvents. 2 

A solution of urea (1-05 g.) and methyl 1-methyl-4-piperidone-3-carboxylate (3 g.) in ethanol (25 c.c.) containing 
sodium (0-4 g.) was heated for 8 hours at 100° (autoclave), and the cold suspension treated with dry hydrogen chloride. 
The precipitate was sublimed at 200° in a high vacuum and gave pale yellow prisms of 2 : 4-dihydroxy-5 : 6-(1’ : 2’ : 3’ : 6’- 
tetrahydro-1'-methyl-5’ : 4’-pyrido)pyrimidine hydrochloride, m. p. 285° (decomp.) (Found : C, 44-0; H, 5-3. C,H,,0,N,Cl 
requires C, 44-15; H, 5-55%); it was soluble in water, but sparingly soluble in organic solvents. 3 : 5-Dicarbethoxy- 
1: 2 : 6-trimethyl-4-piperidone (Mannich, Arch. Pharm., 1934, 272, 323) (5-7 g.) in ethanol (20 c.c.) was added to benz- 
amidine hydrochloride (3-2 g.) in water (25 c.c.) containing potassium carbonate (3 g-). After 7 days the brown solid 
was collected and recrystallised from ethanol; the 4-hydroxy-2-phenyl-5 : 6-(1’ : 2’ : 3° : 6’-tetrahydro-1’ : 2’ : 6’-trimethyl- 
3’-carbethoxy-5’ : 4’-pyrido)pyrimidine separated, in micro-needles, m. p. 215° (yield of pure product, 0-4 g.) (Found: 
Boyt H, 6-95; N, 11-7. Cy ,H,s03;N;,H,O requires C, 63-5; H, 7-0; N, 11-7%). It sublimed unchanged in a 

gh vacuum. 

1-Methyl1-4-piperidone (1-1 g.) was added to phenylhydrazine hydrochloride (1-4 g.) in water (3 c.c.). After 24 hours, 
excess of potassium carbonate was added, and the recipitated oil soon solidified (1-3 g.). 1-Methyl-4-piperidonephenyl- 
hydrazone could not be recrystallised without wndetgebay secondary change ; r drying at room temperature in a 
high vacuum it had m. p. 100—102° (decomp.) (Found: C, 71-2; H, 8-35. C,,H,,N, requires C, 70-9; H, 8-45%). 
The colourless phenylhy one dissolved easily in common organic solvents, but on standing the solutions became 
yellow, that in light petroleum depositing yellow, feathery needles, m. p. 151° (decomp.). Recrystallisation from 
acetone containing a small amount of ethanol gave the compound in yellow needles, m. p. 156° (decomp.) (Found: C, 
60-5; H, 7-3; N, 17-9. C,,H,,0,N, uires C, 61-2; H, 7-3; N, 17-°9%). On hydrogenation at room temperature 
and pressure over Adams’s catal Bape meted 2-2 g.-mols. of cna tre absorbed, the yellow colour disappearing. 


Filtration, concentration of the filtrate in a vacuum, and addition of acetone gave deliquescent prisms characterised as 
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the Tea which separated from ethanol in shining yellow leaflets, m. p. 172—176° (Found: C, 40-1; H, 4-45; N, 
14-0%). 

Pahinirt-4-dlniattendsbinsidbibtetiens (3-5 g.) was heated on the steam-bath for 1 hour with concentrated sulphuric 
acid (35 c.c.) in water (100 c.c.). A crude product was precipitated by adding sodium hydroxide, and purified by sub- 
limation at 80—90° in a high vacuum. and crystallisation from dilute ethanol; 4-methyl-2 : 3: 4 : 5-tetrahydro-4-carboline 
(2-0 g.) separated as plates, m. p. 171—172° (Found: N, 15-2. C,,H,,N, requires N, 15-0%). 

Ethyl chloroacetate (61-3 g.) was added with stirring to B-cyanoethylmethylamine (84 g.), and the mixture kept for 
15 hours. The semi-solid product was diluted with ether (250 c.c.), and the filtrate distilled, eventually in a vacuum. 
B-Cyanoethyl (carbethoxymethyl)methylamine was collected as an oil, b. p. 99°/5 mm., njj” 1-4478 (76 g.) (Found : C, 56-55; 
H, 8-35. C,H,,0,N, requires C, 56-45; H, 8-3%); its picrate separated from ethanol in yellow needles, m. p. 111—112° 
(Found: C, 42-1; H, 4-3. C,,H,,0,N, requires C, 42-3; H, £20). 

A cold solution prepared by adding ethanol (24-5 c.c.) to ‘‘ molecular ”’ sodium (9-5 g.) in toluene (40 c.c.) was treated 
dropwise with B-cyanoethyl(carbethoxymethyl)methylamine (70-5 g.), and the exothermic reaction finally completed 
on the steam-bath for 10 mins. The sodio-compound was filtered off, decomposed by cautious addition to liquid ammonia 
(500 c.c.), and the solution treated with ammonium chloride (40 g.). Removal of ammonia, extraction of the residue 
with cold ethanol (300 c.c.), concentration of the extract at 20° in a vacuum, and addition of ether precipitated crude 
3-cyano-1-methyl-4-pyrrolidone. It was purified by Sere on alumina from ethanol and recovered by addition 
of ether to the concentrated alcoholic eluate; crystallisation from acetone-light petroleum gave needles, m. p. 175° 
(decomp.) (Found: N, 22-9. C,H,ON, requires N, 22-6%). The pyrrolidone was labile, and other methods of decom- 
posing the sodio-compound were unsatisfactory. In one attempt it was decomposed in the ordinary manner with 
dilute hydrochloric acid, the acid solution evaporated to dryness in a vacuum, and the residue extracted with cold 
ethanol. Addition of ether to the extract and rejection of the first precipitate gave 1-methyl-4-pyrrolidone-3-carboxy- 
amide, which crystallised from ethanol—ether in prisms, m. p. 130—131° (Found : C, 50-65; H, 6-95. C,H ,O,N, requires 
C, 50-65; H, 7:1%); it was easily soluble in water and moderately soluble in common organic solvents. When the 
crude product, obtained, ¢.g., by decomposing the sodio-compound with acetic acid, was boiled with 10 vols. of 20% 
hydrochloric acid for 2 hours, hydrolysis and decarboxylation occurred. Evaporation to dryness in a vacuum, addition 
of sodium hydroxide, and extraction with ether gave crude 1-methyl-3-pyrrolidone, characterised as its picrate, which 


crystallised from acetone—light petroleum in small brown prisms, m. p. 168° (decomp.) (Found: N, 16-9. C,,H,,0,N, 
requires N, 17-05%). 
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99. Experiments in the Coeroxene and Coeramidine Series. 
By A. H. Cook and W. WADDINGTON, 


A variety of 1-mono- and 1 : 5-bis-methoxyphenoxyanthraquinones were prepared, but although they were 
not converted into coeroxenones and coerodioxonones entirely satisfactorily, 1 : 4-bis-m-methoxyphenoxy- 
anthraquinone was easily converted into a cis-coerodioxonone. On the other hand, the three l-anisidino- 
anthraquinones and the three s-1 : 5-dianisidinoanthraquinones were cyclised and simultaneously demethylated 


to dihydroxycoerodiamidines; the acidity of the products may, it is suggested, be correlated with their bond 
structures. 


THE coeroxene, coerthiene, and coeramidine systems (I), (II), and (III) aré the parents of a number of com- 
pounds of dye character, as are also coerodioxene, coerodithiene, and coerodiamidine (Houben, “‘ Das Anthracen 
u. die Anthrachinone,”’ 1929, 653, 790). _Coeroxenone-9 * and coerodioxylium salts, (IV) and (V), are most 


readily obtained by cyclising 1-mono- or 1 : 5-di-aryloxyanthraquinones, e.g., with 70% sulphuric acid (see, 
e.g., Decker, Annalen, 1907, 356, 319), and sulphur and nitrogen analogues have been similarly prepared (cf. 
D.R.-P. 126,444, which describes the cyclisation of l-anilinoanthraquinones with a variety of acid reagents). 
Interest in this field is reviving. For in3tance, Scholl, Béttger, and Wanka (Ber., 1934, 67, 599) have prepared 
carboxylated compounds of this type. A series of patents describes the reduction of coeroxonols (B.P. 448,180; 
F.P. 794,596; D.R.-P. 639,168; U.S.PP. 2,176,421, 2,250,270), and the present work arose from the cyclisation 
of 1-m-methoxyphenoxy- and 1 : 5-bis-m-methoxyphenoxy-anthraquinones (King, J., 1934, 1064) by sulphuric 
acid. King showed that demethylation as well as cyclisation occurred and that compounds of the coeroxonone- 
3: 9 (VI) or coerodioxonone-2 : 10 (VIIa) type are formed. The work now reported indicates that demethyl- 
ation is equally readily effected throughout the analogous coeramidone and coerodiamidine series. On repeat- 


* The nomenclature and numbering are those adopted in ‘‘ The Ring Index ” (Patterson and Capell, 1940). 
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ing the preparation of coerodioxonone a satisfactory product of the expected composition could not be obtained ; 
even by using sulphuric acid under milder conditions than those employed by King, the product always con- 
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tained sulphur and, although there was no doubt of the structure suggested, it seemed certain that the product 
was to some extent sulphonated. Cyclisation by other methods, e.g., by using zinc chloride, or zinc chloride 
and benzoyl chloride in nitrobenzene, led to dyes of the same character, though again they were analytically 
unsatisfactory and could not be obtained entirely free from chlorine. Attempts to prepare pure diacetyl and 
dimethyl derivatives were not successful. On the other hand, ‘1 : 4-bis-m-methoxyphenoxyanthraquinone was 
prepared without difficulty and cyclised in hot sulphuric acid. The sparingly soluble product did not contain 
methoxyl groups, gave intense magenta colorations in acetone, chloroform, or nitrobenzene, even in dilute 
solution, and gave a soluble vat. It is regarded as a cis-coerodioxonone (VIIb). 

A variety of l-mono- and 1: 5-bis-o- or -p-methoxyphenoxyanthraquinones were prepared, but although 
they were clearly cyclised by sulphuric acid, by boiling with acid chlorides, zinc chloride and nitrobenzene, or 
by fusion with sodium aluminiym cliloride, it was again impossible to obtain the products in satisfactory 
form. As the products would be formulated as complex pyrilium salts (VIII), this failure is not difficult to 
understand. Attention was then turned to the corresponding anisidino-anthraquinones. The three 1-anisi- 
dinoanthraquinones were obtained from the anisidines, 1-chloroanthraquinone, potassium acetate, and copper 
powder in boiling nitrobenzene. Heating 1 : 5-dichloroanthraquinone with 2 mols. of m- or p-anisidine under 
similar conditions gave only 1-chloro-5-m- or -p-anisidinoanthraquinone. 1: 5-Bis-o-, -m-, and -p-anisidino- 
anthraquinones were obtained only with excess of anisidine. All these anisidinoanthraquinones underwent 
dehydration on heating with sulphuric acid, less satisfactorily with zinc chloride and an acid chloride in nitro- 
benzene, or with sodium aluminium chloride. Analytical data, the. absence of methoxyl groups, and the 
preparation of representative acetyl and benzoyl derivatives indicated that again demethylation also had taken 
place to give hydroxycoervamidones (IX) or dihydroxycoerodiamidines (X). 


This reaction course was confirmed in that representative anisidinoanthraquinones were heated with zinc 
chloride in acetic acid (cf. D.R.-P. 126,444) to undergo cyclisation without demethylation; the resulting crude 
methoxycoeramidones afforded the corresponding hydroxy-compounds after hydrolysis with hydriodic acid 
or sodium hydroxide, though the reactions were less satisfactory than cyclisation with sulphuric acid. 

All the hydroxy-coeramidones examined were remarkable in dissolving readily in dilute alkali carbonate 
orammonia. It is suggested that an explanation of this rather unexpected acidity is to be found in a varying 
degree of unsaturation of the cyclic bonds due to mesomerism. Following a suggestion of Pauling (‘‘ The 
Nature of the Chemical Bond,” 1940, 141) it can be shown that in (IX) the At-, A%-, A*- and A®-linkages have three- 
fourths of the character of an ethylenic double bond, and that A?- and A®-linkages in (X) have nine-tenths of . 
that character. Hydroxyl groups attached in these positions would then be comparable with those in acidic 
hydroxyquinones rather with those in phenols. The acidity of Bz.-hydroxybenzanthrones and the facile 
demethylation of l-anisidino- and of 1 : 5-dianisidino-anthraquinones during cyclisation may be attributed 
to the same cause. It was shown that both coeramidone and coerodiamidone reacted with boiling aniline to 
give bases; the products were not well defined, possibly because they were mixtures, but there was no doubt 
that anilino-groupings had been introduced. The reactions of quinones, benzanthrone, and 1 : 2-benzophen- 
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azine with aniline are examples of similar reactivity in structures with partial or complete fixation of double 
bonds. 


EXPERIMENTAL. 


(Colours produced in concentrated sulphuric acid are noted in parentheses immediately after the name of the 
compound.) 


Methoxyphenoxyanthraquinones.—A mixture of sodium m-methoxyphenoxide (7 g.) and 1-chloro-5-aminoanthra- 
quinone (10 g.) was heated at 160—170° for 1 hour. The product was washed with water, recrystallised twice from 
acetic acid (charcoal) and finally from ethanol. 5-Amino-l1-m-methoxyphenoxyanthraquinone (4:2 g.) formed small 
crimson prisms, m. p. 176—176°5° (Found: C, 73-1; H, 4:7. C,,;H,,;0,N requires C, 73-1; H, 4-4%). 

1 : 5-Dichloroanthraquinone (2-8 g.), quinol monomethyl ether (7-5 g.), anhydrous potassium carbonate (3 g.), copper 
powder (0-1 g.), and nitrobenzene were refluxed for 1-5 hours. Aqueous sodium hydroxide was added, and solvent 
distilled in steam, The residual solid was crystallised from acetic acid (charcoal), giving 1 : 5-bis-p-methoxyphenoxy- 
anthraquinone (magenta) (3 g.); it separated in orange plates, m. p. 226° (Found: C, 74:1; H, 4-7. C,H. O, requires 
C, 74-3; H, 4-5%). The following were prepared similarly. 1-p-Methoxyphenoxyanthraquinone (magenta) separated 
from acetic acid or ethanol in plates, m. p. 161-5° (Found: C, 76-6; H, 4:3. C,,;H,,O, requires C, 76-4; H, 43%). 
1-0-Methoxyphenoxyanthraquinone (purple-red) formed yellow prisms, m. p. 208°, from ethanol or acetic acid (Found : 
C, 76:3; H, 46%). 1: 5-Bis-o-methoxyphenoxyanthraquinone (purple) was obtained by heating 1 : 5-dichloroanthra- 
quinone (2-8 g.), guaiacol (27 g.), sodium carbonate (2-5 g.), and copper powder (0-1 g.) at 200° for 1 hour, diluting the 
product with ethanol and 10% sodium hydroxide solution, and crystallising the precipitate from acetic acid (yield, 
2-9 g.); it formed yellow needles, m. p. 186° (Found: C, 74-4; H, 4-8. C,,H.»O, requires C, 74-3; H, 45%). 1: 4- 
Dichloroanthraquinone (8 g.), m-methoxyphenol (7-5 g.), and sodium hydroxide (3 g.) in water (3 c.c.) were heated at 
160—170° for 1 hour. After washing with hot water, residual 1 : 4-bis-m-methoxyphenoxyanthraquinone (intense magenta) 
ne from acetic acid (charcoal) (yield, 9 g.); it formed golden-yellow needles, m. p. 149-5° (Found: C, 74-5; 

» 47%). 

1 : 4-Bis-m-methoxyphenoxyanthraquinone (4 g.) was heated with 75% sulphuric acid (80 g.) at 170° for 6 hours, 
the solution poured on ice (300 g.), and the dye filtered off and washed with aqueous potassium acetate. cis-Coerodi- 
oxonone (red-brown) (3-8 g.) was finally extracted with acetone (Soxhlet), and the extract allowed to crystallise ; it formed 
very small needles, decomposing at 280—290°, and giving magenta solutions in chloroform, acetone, and nitrobenzene 
(Found: C, 80-3; H, 3-3. C,,H,.0, requires C, 80-4; H, 3-1%). 

Anisidinoanthraquinones.—1-Chloroanthraquinone (2-4 g.), o-anisidine (25 c.c.), potassium acetate (1-5 g.), and copper 
powder (0-1 g.) were refluxed for 1 hour. The cold product was diluted with ethanol, acidified with 6N-hydrochloric 
acid, and the precipitate crystallised from acetone, forming red-brown plates, or from ethanol, forming red-purple 
prisms. 1-0-Anisidinoanthraquinone (olive-green) (yield, 2-5 g.) had m. p. 177° (Found: C, 76-6; H, 4-8. C,,H,,0,N 
requires C, 76-6; H, 4-6%). 1-m-Anisidinoanthraquinone (yellow) was prepared similarly, and purified by chromato- 
graphy on alumina from benzene and elution with ethanol; it formed red-purple needles, m. p. 135—138°, from ethanol 
(Found: C, 76-5; H,5-0%). 1-Chloroanthraquinone (9-2 g.), p-anisidine (5 g.), potassium carbonate (3 g.), nitrobenzene 
(50 c.c.), and copper powder (0-1 g.) were refluxed for 1 hour. The product was distilled in steam and the solid residue 
(11 g.) crystallised from benzene to give 1-p-anisidinoanthraquinone (green-yellow) in brown-needles, m. p. 153—154° 
(Found : C, 76-6; H, 4-8%). 

The following were similarly prepared: 1-p-Anisidino-4-benzamidoanthraquinone (purple) (yield, 55%) separated 
from benzene, acetic acid, or acetone in small purple needles, m. p. 255—256° (Found: C, 74-9; H, 4-6. CygH».0,N, 
requires C, 75-0; H, 45%). The m-anisidino-isomer (green) separated from benzene in purple needles, m. p. 202° 
(Found: C, 75-1; H, 48%). ' 

1 : 5-Dichloroanthraquinone (2-8 g.), p-anisidine (2-5 g.), potassium acetate (1 g.), copper powder (0-1 g.), and anisole 
(25 c.c.) were refluxed for 1 hour and distilled in steam. Chromatography of the residue on alumina from benzene, 
elution with acetone, and crystallisation from acetic acid gave 5-chloro-1-p-anisidinoanthraquinone (2-5 g.) in purple, 
microcrystalline form, m. p. 157° (Found: Cl, 9-5. C,,H,,O,;NCl requires Cl, 9-75%). A similar preparation using 
o-anisidine gave the 1-0-anisidino-analogue, which separated from acetone, ethanol, or acetic acid in red-purple plates, 
m. p. 164° (Found :. C, 69-0; H, 3-8. C,,H,,0,NCl requires C, 69-3; H, 3-8%). 1:4-Dichloroanthraquinone (2-8 g.), 
p-anisidine (4-8 g.), potassium acetate (2-5 g.), and a little copper bronze were refluxed in nitrobenzene (20 c.c.) for 1 
hour. On cooling, the crystalline product (1-5 g.) was recrystallised from acetic acid, and 1 : 4-di-p-anisidinoanthra- 
quinone (blue, becoming intense blue-purple om warming and green on dilution) (Found: C, 74-7; H, 5-1. C,gH,,0,N; 
requires C, 74-7; H, 4-9%) formed fine blue needles, m. p. 230°; a further quantity (1-5 g.) was ss after distilling 
nitrobenzene in steam and crystallising the residue. The following were obtained similarly: 1 : 5-Di-o™inisidinoanthra- 
quinone (green, becoming intense purple on warming) (total yield, 85%) separated from acetic acid or ethyl acetate in 
purple needles, m. p. 210° (Found: C, 74-4; H, 4-9. C,gH,,0,N, requires C, 74:7; H, 4-9%). 1 : 5-Di-m-anisidino- 
anthraquinone (green -> purple as above) (total yield, 60%), shining red-brown needles, m. p. 192°, from acetic acid 
(Found: C, 74:8; H, 46%). 1 : 5-Di-p-anisidinoanthraquinone (green) (total yield, 60%), brown needles, m. p. 243° 
from benzene (Found : C, 74-6; H, 5-3%). 

Coeramidones.—The monoanisidinoanthraquinone (2 g.) in 75% sulphuric acid (40 g.) was heated at 160° for 3 hours. 
The intensely coloured solution was poured on ice, and the crude product purified by solution in dilute aqueous ammonia 
and precipitation with acid. 4-Hydroxycoeramidone-9 (from 1-o-anisidinoanthraquinone) crystallised from aqueous 
pyridine and was finally sublimed in a high vacuum at 270°, forming brown needles, m. p. 290° after sintering at 280° 
(Found: C, 81-1; H, 3-9. C,.9H,,0,N requires C, 80-8; H, 3°7%)¢ it gave blue solutions in alkali which became red 
on reduction with hyposulphite (dithionite). 1(or 3)-Hydroxycoeramidone-9 (from 1-m-anisidinoanthraquinone) separated 
from aqueous pyridine as a brown powder, m. p. 310° (decomp.) (Found: C, 80-8; H, 3-8%); it gave green-brown 
solutions in alkali becoming crimson with hyposulphite. 2-Hydroxycoeramidone-9 (from 1-p-anisidinoanthraquinone) 
formed a purple powder sintering at 290—295° and sparingly soluble in the common solvents (Found: C, 80-8; H, 
3-9%); the same compound was obtained by fusing the anisidino-compound (1 g.) with sodium aluminium chloride 
(10 g.) at 160° for 15 mins. and extracting inorganic salt with hot n-hydrochloric acid; the colour in alkali was blue 
changing to crimson with hyposulphite or zinc dust. 1-m- and -p-Anisidino-4-benzamidoan uinone were partly 
debenzoylated during cyclisation with sulphuric acid and quantities of benzoic acid were collected in the condensate. 
1 (or 3)-Hydroxy-8-benzamidocoeramidone-9 (red purple) formed a brown solid subliming in a high vacuum, m. p. >350°, 
sparingly soluble in organic solvents but dissolving in alkali to a red solution (Found: C, 77-8; H, 3-7. C,,H,,0,N, 
requires C, 77:8; H, 3:9%). 2-Hydroxy-8-benzamidocoeramidone-9, sublimed in a high vacuum, had m. p. 313—315°, 
and gave similar colours (Found: C, 77-7; H, 4:2%). 10-Chloro-2-hydroxycoeramidone-9 (green) (Found: C, 72-7; 
H, 3-3; Cl, 10-8. CygH 9O,NCI requires C, 72-4; H, 3-0; Cl, 10-7%) had m. p. > 360°; it was blue in alkali, becoming 
red-purple on reduction with sodium hyposulphite or zinc dust. The dye (1 g.) was boiled with acetic anhydride (10 
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c.c.) and acetic acid (1 c.c.) for 2 hours. The product was precipitated with water, and repeatedly dissolved in boiling 
chloroform and reprecipitated with light petroleum, and then had m. p. > 360°; it gave brown-red solutions in organic 
solvents, was insoluble in cold alkali, and appeared to be a monoacetyl derivative (Found : C, 70-7; H, 3-4. C,,.H,,O,NCl 
requires C, 70-7; H, 3-2%). Similarly, treatment with benzoyl chloride in alkaline solution appeared to give a mono- 
benzoyl derivative which, after repeated solution in chloroform and bo ew with light oa formed an 
amorphous powder, m. p. 212—215° (Found : C, 74-4; H, 3-7. C,,H,,O,NCl requires C, 74:1; H, 3-2%). 

Coerodiamidines.—Cyclisation of dianisidinoanthraquinones was carried out in sulphuric acid, and the products 
purified as with the preceding coeramidones. 1 : 9-Dihydroxycoerodiamidine (purple) formed a purple black solid, 
m. p. >360° from aqueous pyridine; it was blue in alkali, giving a crimson vat (Found: C, 80-9; H, 4-1. C,,H,,O,N, 
requires C, 80-8; H, 3-7%); light absorption (pyridine): max. at 5990, 5550 a., I > II. 2: 10(or 4: 12)-Dihydroxy- 
coervodiamidine (purple), after repeated precipitation from ammoniacal solution by acetic acid, formed a purple-black 
powder, m. p. >360° (Found: C, 80-8; H, 39%); it was brown-green in alkali and gave a crimson vat solution; light 
absorption (pyridine), max. at 5860, 5410 a.,I1 > II. 3:11-Dihydroxycoerodiamidine (red-purple) formed a purple-black 
powder, m. p. >360°, from aqueous pyridine (Found: C, 80-7; H, 3-7%); it was blue in alkali, and gave a red vat 
solution; light absorption (pyridine), max. at 6540, 6000 a., I > IT. 


The authors thank I.C.I. Ltd. (Dyestuffs Division) for grants and gifts of chemicals. 
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100. The Reaction of Some Arylsulphonylbenzisothiazolones with Acetic Anhydride 
and Potassium Acetate. 
By F. S. Fowxkes and (the late) Ernest W. McCLELLAND. 


The influence of the arylsulphonyl group and nuclear chlorine as substituents on the nature of the products 
obtained in the reaction of benzisothiazolones with acetic anhydride and potassium acetate has been studied. © 
It is shown that both the arylsulphonyl group and chlorine promote the condensation of hydroxythionaphthens, 
formed during reaction, with the unchanged benzisothiazolone. The condensation products and the compounds 
derived from them by elimination of arylsulphonamide have been synthesised, and structures assigned to 
them. It is concluded that the arylsulphonyl group and nuclear chlorine both weaken the S—N bond of a 
benzisothiazolone. 


In previous communications (McClelland, J., 1929, 1588; McClelland and D’Silva, J., 1931, 2972; 1932, 
2883; Bartlett and McClelland, J., 1934, 818; McClelland, Rose, and Bartlett, J., 1940, 323) it has been shown 
that the nature of the 1-substituent in a benzisothiazolone influences the course of the reaction of these com- 
pounds with acetic anhydride and potassium acetate. The influence of the arylsulphony]l group as a substituent, 
with and without chlorine in the aromatic nucleus, has now been investigated. 4-Chloro-1-benzenesulphony]l- 
benzisothiazolone (I; R = Ph) on being heated with these reagents gave 5-chloro-3-acetoxy-1-thionaphthen, 
N-acetylbenzenesulphonamide, and a substance (A). The last, on oxidation, gave, according to the conditions 
used, thioindigotin or 5-chloro-3-hydroxy-1-thionaphthen 1 : 1-dioxide, the presence of a thionaphthen nucleus 
being therefore indicated. The product of its reaction with aniline, on the other hand, gave, when heated 
with nitrobenzene, the 4-chloro-1-phenylbenzisothiazolone (I; Ph instead of SO,R), showing the presence of the 
benzisothiazolone nucleus or a structure which could readily produce it. This behaviour suggested that the 
compound (A) had resulted from condensation of a hydroxythionaphthen, formed by the action of acetic 
anhydride and potassium acetate on the benzisothiazolone, with unchanged benzisothiazolone. This was 
confirmed by the synthesis of (A) from 5-chloro-3-hydroxy-1-thionaphthen and 4-chloro-1-benzenesulphonyl- 
benzisothiazolone. These substances condensed in presence of piperidine, and the product, on acetylation, 


yielded (A). 
i 
i 
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Two modes of condensation of a hydroxythionaphthen with a benzisothiazolone appear probable : a con- 
densation accompanied by ring fission of the benzisothiazolone or an aldol type of addition, leading respectively 
to the formule (II or III; R = Ph) for (A). fag 

The acetyl and the benzenesulphonamido-group were eliminated from (A) by heating it with pyridine. 
The product, a nitrogen-free substance (B), was also obtained together with benzenesulphonamide when (A) 
was deacetylated and the resulting compound heated in toluene. It is thus evident that the removal of the 
benzenesulphonamido-group from (A) by pyridine is preceded by deacetylation. The.ease of elimination of 
benzenesulphonamide from (A) by way of its deacetylation product suggests that (A) has the structure (II) 
and not (III), though the latter cannot be excluded entirely on the available evidence. 

Deacetylation of (II) would give (IV), which could exist in the ketonic form (V), and the elimination of 
benzenesulphonamide from this leads to structure (VI) for (B). If, however, (A) had structure (III), the easy 
elimination of benzenesulphonamide by way of its deacetylation product does not appear likely, but it remains 
as a possibility which has not been completely disproved. 

The substance (B) was obtained in the synthesis of (A) already described. It was also synthesised by 
condensing 5-chloro-3-acetoxy-1-thionaphthen with 4-chloro-1l-acetylbenzisothiazolone. 

Compounds similar to (A) have not hitherto been detected among the products of the action of acetic 
anhydride and potassium acetate on non-chlorinated benzisothiazolones, where the 1l-substituent was other 
than arylsulphonyl. It therefore seemed of interest to determine whether their formation was dependent on 
the presence of chlorine or the arylsulphony]l group or both. 

A non-chlorinated arylsulphonylbenzisothiazolone (I; R = p-C,H,Me, H instead of Cl) gave similar results 
to the chloro-compound (I), yielding 3-acetoxy-1-thionaphthen, 3-hydroxy-2-acetyl-1-thionaphthen, N-acetyl- 
p-toluenesulphonamide, and a substance (C) corresponding to (A). This, like (A), was converted by deacetyl- 
ation and loss of arylsulphonamide into a compound (D) analogous to (B). The same methods of synthesis 
were also successful for the non-chlorinated compounds. 

It is thus evident that substitution of the benzisothiazolone by chlorine is not essential to the formation 
of compounds of type (ITI), and that the arylsulphonyl group alone is effective. On the other hand, the chloro- 
benzisothiazolone (I; H instead of SO,R) which has no arylsulphonyl group gave a small amount of a com- 
pound of the type (II; Ac instead of SO,R) in addition to the hydroxyacetylthionaphthen and 5-chloro-3- 
acetamido-1|-thionaphthen. Similar results were obtained with 4-chloro-l-acetylbenzisothiazolone (I; Ac 
instead of SO,R). This result suggests that chlorine in the p-position to sulphur has an influence similar to, 
but less than, that of the arylsulphony]l group in the 1-position. The condition favouring the formation of a 
compound of type (II) is obviously a weakening of the SN bond in the heterocyclic nucleus. Our experiments 
show that this condition is caused by attachment of the arylsulphonyl group to the nitrogen atom, and to a 
lesser extent by the presence of chlorine in the p-position to the sulphur atom, the maximum effect being 
probably produced by the presence of both. These results are in agreement with the previous observation 
(Bartlett, Hart, and McClelland, J., 1939, 760) that an arylsulphonyl group facilitates the fission of the S-N 
bond in compounds of this type, which may be attributed to the electron-attracting properties of the sulphonyl 


group. 
EXPERIMENTAL: 


Condensation of 4-Chloro-1-benzenesulphonylbenzisothiazolone with Acetic Anhydride and Potassium Acetate.—Benz- 
isothiazolone (10 g.; Bartlett, Hart, and McClelland, Joc. cit.), potassium acetate (7-5 g.), and acetic anhydride (57 c.c.) 
were heated together at 90° for 40 minutes, the product poured into water, and distilled in steam. The steam-distillate 
was extracted with ether, and the ethereal solution, after being shaken with 2N-sodium hydroxide and dried, gave on 
evaporation 5-chloro-3-acetoxy-l-thionaphthen (compare Fowkes and McClelland, J., 1941, 187). The residue from 
the steam-distillation consisted of a solid and an aqueous liquor. The latter, after concentration, gave, on extraction 
with ether, a substance (0-8 g.) which after purification had m. p. 126° alone or mixed with authentic N-acetylbenzene- 
sulphonamide. The solid residue from the steam-distillation crystallised from acetic acid (charcoal) in colourless needles 
(2-2 g.), m. p. 223° (Found: C, 50-0; H, 2-8; S, 17-3. C,,H,,0,;NCI1,S, requires C, 50-0; H, 2-7; S, 17-4%). This 
substance (A) is insoluble in cold 2N-sodium hydroxide, but dissolves readily on warming. The warm alkaline solution 
gave thioindigotin on addition of potassium ferricyanide. 

The substance (A) (0-5 g.) was heated at 100° for 1 hour in acetic acid (5 c.c.) with hydrogen peroxide (2-5 c.c.; 100- 
vol.), and the resulting solution concentrated under reduced pressure to 3.c.c. Phenylhydrazine (0-35 c.c.) was added, 
and the mixture heated at 100° for 15 minutes. The solid product, collected after cooling, crystallised from acetic acid 
in yellow needles, m. p. 290—292°, alone or mixed with 5-chloro-3-hydroxy-1-thionaphthen 1 : 1-dioxide phenylhydrazone 
(compare Fowkes and McClelland, Joc. cit.). , 

The substance (A) (1 g.) was heated under reflux for 2 hours in aniline (2 c.c.), and the product poured into 2n-hydro- 
chloric acid. The resulting tacky material solidified when stirred with alcohol, and crystallised from acetone in colour- 
less needles, m. p. 253° (approx.). It was heated in boiling nitrobenzene for 20 minutes. The solution, on cooling, 
deposited a compound which, after purification from acetic acid, had m. p. 180° and gave no depression with an authentic 
specimen of 4-chloro-1-phenylbenzisothiazolone prepared as described below. 

A solution of (A) ——— (1 c.c. per g.), after being boiled under reflux for 2 hours and cooled, deposited the sub- 
stance (B), which crystallised from toluene (charcoal) in ow prisms, m. p. 266—-268° (Found: C, 51-4; H, 1:8; S, 
17-9. C,sH,O,Cl,S, requires C, 51-0; H, 1-7; S, 181%); it is sparingly soluble in the usual organic‘solvents, and 
insoluble in hot 2N-sodium hydroxide or boiling concentrated hydrochloric acid. It reacts slowly with warm alkaline 
ferricyanide to give thioindigotin. 

The substance (A) was deacetylated by warming with 2n-sodium hydroxide at 45° for 10 minutes. The product, 
obtained on acidifying the resulting solution, was crystallised successively from aqueous alcohol and from petroleum- 
benzene, and formed colourless needles of m. p. 184° (Found: C, 49-8; H, 2-7. C,,H,,0,NCI1,S, requires C, 49-4; H, 
2-5%). It yielded (A) on boiling with acetic anhydride for 2 hours. When this product of deacetylation was heated in 
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poiling toluene (20 parts) for 2 hours, a solid was deposited on cooling. Extraction of this with cold alcohol and evapor- 
ation of the extract gave benzenesulphonamide, and the residue insoluble in alcohol was identical with (B). 

Synthesis of (A) and (B).—5-C€hloro-3-hydroxy-1-thionaphthen (0-37 g.) and 4-chloro-l-benzenesulphonylbenziso- 
thiazolone (0-65 g.) were finely powdered and suspended in benzene (4 .c.). A trace of piperidine was added, and the 
mixture heated under reflux for 20 minutes and cooled. The solid product was extracted with boiling alcohol. The 
insoluble portion was the substance (B). The extract was concentrated, and water added to the hot solution. The 
solid deposited on cooling was crystallised from alcohol, and finally from benzene, affording colourless needles, m. p. 
182—184°, alone or mixed with the substance obtained by deacetylation of (A). (Benzenesulphonamide was isolated 
from the aqueous-alcoholic mother-liquor.) The substance of m. p. 184°, when heated with acetic anhydride, gave a 
product which, after crystallisation from acetic acid, had m. p. 223° alone or mixed with (A). 

The substance (B) was obtained alone when 4-chloro-l-benzenesulphonylbenzisothiazolone (0-6 g.) and 5-chloro-3- 
acetoxy-1-thionaphthen (0-4 g.) were heated in boiling pyridine (1-5 c.c.) for 2 hours, the product separating on cooling. 

Condensation of 1-p-Toluenesulphonylbenzisothiazolone with Acetic Anhydride and Potdssium Acetate-—The con- 
densation of this substance (Bartlett, Hart, and McClelland, Joc. cit.) was carried out as with the 4-chlorobenzenesulphony!l- 
benzisothiazolone. Alkali washing of the ethereal extract from the steam-distillate yielded 3-hydroxy-2-acetyl-1- 
thionaphthen. re er mage of the ethereal solution gave 3-acetoxy-l-thionaphthen. The residual aqueous liquor 
from the steam-distillation, when cooled, furnished N-acetyl-p-toluenesulphonamide, m. p. 136°, identical with a synthetic 
specimen prepared as described below. The solid (C) corresponding to (A) (II, with H instead of Cl; R = p-C,H,Me), 
obtained from the residue in the steam-distillation, crystallised from acetic acid (charcoal) in colourless prisms, m. p. 
203° (Found: C, 58-1; H, 4-0; S, 19-1. C,,H,,O;NS, requires C, 57-9; H, 3-8; S, 19-3%). Heated with pyridine, 
in the same way as (A), it gave a substance (D) corresponding to (B) (VI; with H instead of Ch), which crystallised from 
alcohol in yellow prisms, m. p. 176° (Found: C, 63-2; H, 2-9; S, 22-3. C,,H,0,S, requires C, 63-4; H, 2-8; S, 22-56%). 

The substance (C), m. -p. 203°, was deacetylated in the same way as (A), and the enone crystallised from benzene 
in small colourless prisms, m. p. 149°, or from alcohol*as a mono-alcoholate in cdlourless needles, m. p. 112° (Found : 
C, 57-2; H, 4-4; S, 19-2. C,,H,,O,NS,C,H,O ——— C, 57-4; H, 4-6; S, 19-2%). When heated in a vacuum at 
100° over calcium chloride, this substance lost weight corresponding to 0-93 mol. of ethyl alcohol. After two recrystal- 
lisations from benzene it had m. p. 149°. The substance decomposed in sunlight, and was oxidised to thioindigotin by 
alkaline ferricyanide. This deacetylated product was heated in boiling for 5 hours, and the material deposited 
on cooling was —— by extraction with hot alcohol into an insoluble residue, the substance (D) of m. p. 176°, 
corresponding to (B) (VI; with H instead of Cl), and p-toluenesulphonamide recovered from the alcohol. 

Synthesis of Compounds (C) and (D).—3-Hydroxy-1-thionaphthen (0-5 g.) and 1-p-toluenesulphonylbenzisothiazolone 
(1 g.) were heated together for 45 minutes at 50° in benzene (6 c.c.) with a trace of piperidine. The substance which 
separated on cooling, after crystallisation from alcohol, had m. p. 112° and was identical with the compound obtained 
by deacetylation of (C). Heated with acetic anhydride for 15 minutes it even na (C), m. p. 203°. 

3-Acetoxy-l-thionaphthen (0-4 g.) and 1-p-toluenesulphonylbenzisothiazolone (0-8 g.)-were heated together for 1 
hour at 100° in toluene (4 c.c.) with a trace of piperidine. The solid which separated on cooling was extracted with cold 
alcohol, from which p-toluenesulphonamide was obtained on evaporation. The insoluble residue, after crystallisation 
from toluene (charcoal), had m. p. 176° alone or mixed with (D). 

Condensation of 4-Chlorobenzisothiazolone with Acetic Anhydride and Potassium Acetate.—The chlorobenzisothiazolone 
(4 g.) (Hart, McClelland; and Fowkes, J., 1938, 2114) was heated with potassium acetate (3-6 g.) and acetic anhydride 
(16 c.c.) at 105° for 15 minutes, and the product treated as in previous condensations. 5-Chloro-3-hydroxy-2-acetyl-l- 
thionaphthen, m. p. 166°, and 5-chloro-3-acetoxy-1-thionaphthen, m. p. 67° (compare Fowkes and McClelland, Joc. cit.), 
were isolated from the steam-distillate. The solid residue was extracted with boiling alcohol (150 c.c.), —a an 
insoluble portion. The alcoholic extract, on cooling, deposited 5-chloro-3-acetamido-1-thionaphthen, which crystallised 
from alcohol (charcoal) in colourless needles, m. p. 208—210° (1-25 g.) (Found: C, 53-2; H, 3-6; S, 13-6. C,H,ONCIS 
requires C, 53-2; H, 3-5; S, 14-2%). The residue insoluble in alcohol crystallised from acetic acid in colourless needles, 

. This compound has a structure corresponding to (A) (II; Ac instead of SO,R) (Found: C, 49-9; H, 2-9; 

CgH,,O,NCLS, requires C, 50-2; H, 2-9; S, 141%). It was insoluble in cold sodium hydroxide, but dis- 
solved on boiling, giving a solution which yielded a thioindigotin on addition of ferricyanide. When boiled for 2 hours 
in pyridine (10 parts) and poured into aqueous sulphuric acid, it gave (B). . 

Condensation of 4-Chloro-1-acetylbenzisothiazolone with Acetic Anhydride and Potassium Acetate.—The benzisothiazolone 
(Hart, McClelland, and Fowkes, /oc. cit.) (0-6 g.) was heated at 100°.for 20 minutes with potassium acetate (0-65 g.) and 
acetic anhydride (2-5 c.c.), poured into water, and distilled in steam. The distillate contained 5-chloro-3-acetoxy-1l- 
thionaphthen and a trace of 5-chloro-2-acetyl-1-thionaphthen. The residual solid was extracted with boiling alcohol, 
the extract yielding 5-chloro-3-acetamido-1l-thionaphthen, and the material undissolved in alcohol was the substance 
corresponding to (A) (II; Ac instead of SO,R). 

Condensation of 4-Chloro-1-acetylbenzisothiazolone with 5-Chloro-3-hydroxy-1-thionaphthen.—These substances (equal 
mols.) were heated in boiling toluene with a trace of piperidine for 1 hour. The compound (B) separated on cooling 

4-Chloro-1-phenylbenzisothiazolone (cf. McClelland and Gait, J., 1926, 921).—Aniline (6-7 g.) in pyridine (18 “ was 
slowly added with stirring to a solution Yeap em by chlorinating 2-thiolbenzoic acid (10 g.) in carbon tetrachloride 
(80 c.c.) with ferric chloride (0-5 g.), and the precipitated material was collected and washed with 2n-hydrochloric acid. 
It crystallised from acetic acid in colourless plates, m. p. 179° (Found:: C, 59-5; H, 3-0; S, 12-2. C,,H,ONCIS requires 
C, 59-6; H, 3-1; S, 12-2%). 

N-A cetylbenzenesulphonamide.—Benzenesulphonamide (2 g.) was heated in boiling acetic anhydride (20 c.c.) with 
freshly fused potassium acetate (2 g.) for 20 minutes, and the mixture poured into water. The solid pre crystallised 
from aqueous acetic acid in colourless needles, m. p. 127° (Found: C, 48-5; H, 43. C,H,O,NS requires C, 48-3; 
H, 4.5%), considerably depressed on admixture with benzenesulphonamide. The corresponding N-acetyl-p-toluene- 
sulphonamide, similarly prepared, had m. p. 136° (Found :, C, 50-8; H, 5-0. Calc.: C, 50-7; H, 5:2%) (see Chaplin 
and Hunter, J., 1937, 1118). 


The authors are indebted to Dr. R. G. Bartlett and Dr. L. E. Hart for preliminary experimental work, and to the 
Department of Scientific and Industrial Research for a grant. 
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101. An “ Ortho-effect” in the Formation of Thionaphthenopyrazoles. 


By (the late) ERNEst W. McCLELLAND and PHILIP W. SMITH. 


It is shown that the conversion of phenylhydrazones of 3-hydroxy-2-acetyl-l-thionaphthen and its 
S-dioxide into thionaphthenopyrazoles is inhibited when a substituent is present in the ortho-position in the 
phenylhydrazine nucleus but not when the same substituent is in the meta- or para-positions. Certain ortho- 
substituted thionaphthenopyrazoles have been prepared by an alternative method. 


It has been shown (Barry and McClelland, J., 1935, 471) that the phenylhydrazone of 3-hydroxy-2-acetyl-1- 
thionaphthen (I) is cyclised in acid media to the corresponding pyrazole (II). The influence of substituents 
and their position in nucleus A on the formation of pyrazoles from hydrazones of the above type has now been 


investigated. 
CMe 


Ss CMe 
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The 2-nitvo- and 2 :4-dinitro-phenylhydrazones of (I) cannot be cyclised to pyrazoles under conditions 
effective for pyrazole formation in the unsubstituted phenylhydrazone. This resistance to ring formation 
might be due either to the polar character of the nitro-group or to an “ ortho-effect.” That the latter view 
is correct is suggested by the facile formation of pyrazdles from the 4-nitro- and 3-nitro-phenylhydrazones, 
where, if a polar effect was operative, it might be expected to be evident. This view was confirmed by the 
observation that the 2-methyl- and 2-methoxy-phenylhydrazones also resist cyclisation and could not be con- 
verted into pyrazoles, whereas pyrazoles are readily formed from the 4-methyl- and 4-methoxy-phenylhydrazones : 
indeed, ring formation is so rapid in the former case that the 4-methylphenylhydrazone was not isolated, 
condensation of (I) with p-tolylhydrazine hydrochloride giving the pyrazole in one operation. If the inhibition 
of pyrazole formation were due to polarity, it would be unlikely that groups of so widely differing polar character 
as nitro-, methyl, and methoxyl would have the same inhibiting effect and exhibit it only when in the,2-position. 

Furthermore, although it had been shown (Smiles and Cohen, J., 1930, 406) that the phenylhydrazone of 
3-keto-2-acetyl-2 : 3-dihydrothionaphthen 1 : 1-dioxide (I with SO, in place of S) is readily converted into a 
pyrazole, yet it is now found that the 2-mnitro-, 2 : 4-dinitro-, 2-methyl-, and 2-methoxy-phenylhydrazones of this 
dioxide cannot be convertedinto pyrazoles under similar conditions. 

Pyrazoles substituted in the o-position have been prepared by condensing picryl chloride with 3-methyl- 
4: 5-thionaphthenopyrazole and its dioxide. The products may have the structure (III; R = NO,) or (IV; 


CMe NO, 


(IIL) qi x< NO, —===N , 
R 


R = NO,) and the corresponding dioxides. Attempts to obtain the dinitropyrazole from 3-methyl-4: 5- 
thionaphthenopyrazole and 2: 4-dinitrochlorobenzene were unsuccessful, but the dioxide readily condensed 
with the latter substance, yielding the pyrazole (III or IV; R = H, and SO, in place of S). It is thus evident 
that the failure to obtain thionaphthenopyrazoles from o-substituted hydrazones is not to be attributed to 
instability of the pyrazoles preventing their formation, since, provided that the pyrazole ring be first formed, 
such o0-substituted compounds can be obtained. 

It would appear that the sulphur atom in a phenylhydrazone of the type (I) has also an inhibiting effect 
on.the formation of the pyrazole from it. For instance, benzoylacetone, in which there is no sulphur atom, 
reacts with phenylhydrazine alone to give 1 : 5-diphenyl-3-methylpyrazole (Fischer and Biilow, Ber., 1885, 
18, 2131; Drumm, Proc. Roy. Irish Acad., 1931, 40, B, 106), whereas 3-hydroxy-2-acetyl-1-thionaphthen 
yields the phenylhydrazone and only gives the pyrazole (II) in acid media. Further, benzoylacetone condenses 
with o-substituted 2: 4-dinitrophenylhydrazines to give pyrazoles (Brady, J., 1931, 756), in contrast to 
3-hydroxy-2-acetyl-1-thionaphthen which, as described, gives hydrazones not convertible into pyrazoles. 

The precise mechanism of this inhibiting effect of the sulphur is not obvious. It may be due either to the 
extra rigidity which the sulphur bridge confers on the molecule, or to the chemical character of the sulphur 
atom, or to a combination of both factors. 





EXPERIMENTAL. 
The required phenylhydrazones were prepared by boiling 3-hydroxy-2-acetyl-l-thionaphthen or 3-keto-2-acetyl- 


2 : 3-dihydrothionaphthen | : 1-dioxide with an approximately equal weight of the appropriate phenylhydrazine in f\ 


alcohol, except in the case of 2-nitrophenylhydrazine, where the hydrochloride was used instead of the free base. 

3-Hydroxy-2-acetyl-1-thionaphthen-2 : 4-dinitrophenylhydrazone crystallised from nitrobenzene in dark purple needles, 
m. p. 279° (Found: C, 51-4; H, 3-5. C,H,,0,;N,S requires C, 51-6; H, 3-2%). ‘The 2 : 4-dinitrophenylhydrazone of 
the 1 : 1-dioxide crystallised from worry dioxan in yellow prisms, m. p. 255° (decomp.) (Found: C, 47-6; H, 2-9. 
C,,H,,0,N,Srequires C, 47-5; H, 3-0%); it was also obtained from the corresponding thionaphthenhydrazone by 
oxidation with hydrogen peroxide (3 c.c. of 100-vol. peroxide in 100 c.c. of glacial acetic acid for 1 g. of hydrazone), the 
mixture-being heated at 100° for $ hour. 

3-H ydroxy-2-acetyl-1-thionaphthen-2-nitrophenylhydrazone and its dioxide crystallised from glacial acetic acid in red 
plates, m. p. 225° (Found: C, 59-0; H, 3-9. C,,H,,0,N,S requires C, 58-7; H, 4-0%), and in orange-yellow needles, 
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m. p. 242° (decomp.) (Found: C, 53-3; H, 3-7. C,H,,;0,N,S requires C, 53-5; H, 36%), respectively. The cor- 
—— yh 2 lama ies tae nee ema crystallising from alcohol in brown plates, m. p. 
225°, was no sed. 

3-Hydroxy-2-acetyl-1-thiona ee Ye vg RS gc i from cyclohexanone in brown-red needles, 
m. p. 256—258° (Found: C, 58-6; H, 4:3; N, 13-0. C,,H,,0,N,S requires C, 58-7; H, 4-0; N, 12-09%). The 2-methyl- 
phenylhydrazone crystallised from benzene in yellow needles, m. p. 151° (Found: C, 69-0; H, 5-3. C,,H,,ON,S requires 
C, 68-9; H, 5-4%); its dioxide formed yellow needles, m. p. 243° (Found: C, 62-1; H, 4-7, C4,H1,0,N,S requires C, 
62-2; H, 4-9%), from benzene. 

The 2-methoxyphenylhydrazone separated from benzene in yellow needles, m. p. 177° (Found: C, 65-1; H, 5-2. 
Cy7H,0,N,S requires C, 65-4; H, 5-1%); its dioxide, crystallised from benzene, had m. p. 202° (Found: C, 59-1; H, 
L- ‘6. Cy,H,,0,N,S requires C, 59-3; i, 46%). The 4-methoxyphenylhydrazone formed yellow needles from benzene, 
ts § m. p. 155° (Found: C, 65-3; H, 5-3%). 
n Attempted Cyclisation of the 2-Substituted Phenylhydrazones of 3-Hydroxy-2-acetyl-1-thionaphthen.—The 2 : 4-dinitro- 

phenylhydrazone (1 g.) was (i) heated under reflux in alcohol (150 c.c.) containing concentrated sulphuric acid (30 c.c.) 
for 7 hours, (ii) heated in alcohol (100 c.c.) with concentrated sulphuric acid (100 c.c.) on the water-bath for 3 hours 
(charring), (iii) heated at 100° in glacial acetic acid (50 c.c.) containing concentrated sulphuric acid (10 c.c.) for 3 hours, 
(iv) heated under reflux in benzene (100 c.c.) with phosphoric oxide (10 g.) for 7 hours. From all these experiments the 
whole, or most, of the original hydrazone was recovered unchanged. Similar methods failed with the other 2-substituted 
phenylhydrazones described above. 

The facile cyclisation of the phenylhydrazones having the 2-position unsubstituted is exemplified by the preparations 
of the first four pyrazoles below. 
on 1-(3”- Nitrophenyl)-3-methyl-4 : 5-2’ : 3’-thionaphthenopyrazole.—3-Hydroxy-2-acetyl- 1 - thionaphthen -3 - nitropheny] - 
w § hydrazone (0-5 g.) was heated under reflux in alcohol (10 c.c.) with a few drops of concentrated sulphuric acid for 3 hours. 
»5, | The product crystallised from acetic acid in cream-coloured needles, m. p. 175° (Found: C, 61-9; H, 3-4. C,,H,,0,N,S 
he requires C, 62-1; H, 3-6%). The corresponding S-dioxide, obtained by oxidation with hydrogen peroxide in acetic acid 

© 7 at 100° for 1 hour, formed pale yellow prisms from glacial acetic acid; m. p. 185° (Found : C, 56-5; H, 3-1. C,,H,,O,N,S 
n- f requires C, 56-3; H, 3-2%). The corresponding pyrazole from the 4-nitrophenylhydrazone (1 hr.’s boiling in acetic 
s: J acid with a little sulphuric acid) crystallised from bromobenzene in yellow needles, m. p. 215° (Found: N, 13:4. 
d C4gH4,0.N,S requires N, 13-6% ° x 

: 1-(4’-Methylphenyl)-3-methyl-4 : 5-2’ : 3’-thionaphthenopyrazole—When equal weights of 3-hydroxy-2-acetyl-l- 
thionaphthen and 4-methylphenylhydrazine hydrochloride were heated in alcohol under reflux for 2—3 hours this 
ter if substance was formed, crystallising from alcohol in colourless needles, m. p. 108—110° (Found: C, 73-0; H, 4-8. 
mn. § C,,H,,N,S requires C, 73-4; H, 5-0%). : 
of 1-(4”-Met, a tieey ap eernee A : 5-2’ : 3’-thionaphthenopyrazole was produced from the corresponding hydrazone 
by boiling for 1 hour in alcohol with a few drops of sulphuric acid. The product, isolated by adding water, c: i 
nis from acetic acid (charcoal) in colourless needles, m. p. 126° (Found: C, 69-2; H, 4-7. C,,H,ON,S requires C, 69-4; 
H, 48%). 
Le : 4” ; 6”-Trinitrophenyl)-3 (or 5)-methyl-4: 5-2’: 3’ (or 3: 4-3’ : 2’)-thionaphthenopyrazole.—3-Methyl-4 : 5- 
yl- thionaphthenopyrazole (2 g.) was heated under reflux in alcohol (20 c.c.) containing sodium (0-2 g.) for 2 hours with 
v.§2:4: 6-trinitrochlorobenzene (3 g.), and the solution evaporated to dryness. The residue was washed with warm water, 

’ | and crystallised from glacial acetic acid in yellow needles, m. p. 236° (Found: C, 48-0; H, 2:3. C,.H,O,N,S requites 
C, 48-1; H,2-2%). The S-dioxide, peapared similarly, crystallised from acetic acid in yellow prisms, m. p. $30° (Found : 
C, 44-65; H, 2-3. C,gH,O,N;,S requires C, 44-5; H, 2-1%). 

The S-dioxide of the 2 : 4-dinitrophenyl analogue was prepared by — 2: 4-dinitrochlorobenzene (5 g.) in 
alcohol (50 c.c.) and 3-methyl-4 : 5-thionaphthenopyrazole S-dioxide (5 g.) to alcohol (50 c.c.) containing sodium (0-5 g.) 
and boiling the mixture for 3 hours. The product which separated filtration and cooling was crystallised from 
= acetic acid (charcoal), and had m. p. 238° (Found: C, 49-6; H, 2:90; N, 14-5. C,H ,O,N,S requires C, 49-7; 





- §- 8H, 2-6; N, 145%). 

- Kinc’s CoLtecE, Lonpon. [Received, January 3rd, 1945.] 
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fect By J. W. Haworth, I. M. Her_spron, D. H. Hey, R. WILkinson, and (the late) 

om, E. F. BRADBROOK. ‘ 

385, A number of tetraphenylphthal ines and tetrapyridylphthalocyanines and their copper derivatives have 
hen been prepared by ane oem methods es the corresponding phenyi- or pyridyl-phthalonitriles or phthalic acids. 
ses The preparation of various other intermediates for tetrapyridylphthalocyanine is also described. Both tetra- 
to phenyl- and tetrapyridyl-phthalocyanine are bright green pigments; the latter possesses basic properties and 


gives rise to water-soluble quaternary salts. . 


the | Durine investigations on the preparation of diaryl derivatives by means of the Gomberg and the related 
hur f nitrosoacylarylamine reaction, whereby an aromatic amine ArNH, and a neutral aromatic compound Ar’H 
give rise to the product Ar-Ar’, use was made of 4-aminophthalonitrile as the aromatic amine. In the reaction 
between diazotised 4-aminophthalonitrile and benzene, carried out by the authors early in 1936, two unusual 
features were ftevealed. 4-Phenylphthalonitrile was formed in remarkably high yield (57% calculated on 
'4-aminophthalonitrile) for a reaction of this type, the product being almost entirely free from the tarry by- 
products which often occur in these reactions. Secondly, when an attempt was made to purify the crude 
phenylphthalonitrile by high-vacuum distillation, the greater part of the almost colourless dinitrile was 
converted into an intensely green product, which was later shown to be a pigment of the phthalocyanine series. 
The blue pigment phthalocyanine is readily prepared from phthalonitrile (Linstead and Lowe, J., 1934, 
1022) and on halogenation. the shade becomes greener until, when sufficient halogen has been introduced, very 
bright pure green pigments are obtained (Barrett, Bradbrook, Dent, and Linstead, J., 1939, 1820). Certain 
substituted phthalocyanines such as the’naphthalocyanines are also greenish in shade (Bradbrook and Linstead, 
¥F 
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J., 1936, 1744). After the discovery of the green tetraphenylphthalocyanine mentioned above, two patent 
specifications of the I.G. were published (B.PP. 470,499 and 470,542) which described the preparation of clear 
green phthalocyanine pigments of excellent fastness from o-dinitriles of the diphenyl, diphenylene oxide, and 
fluorenone series. Copper tetraphenylphthalocyanine was prepared as an amorphous dark green powder 
by heating 4-phenylphthalonitrile with cuprous chloride in presence of pyridine at 200—210°, The green 
pigments could be sulphonated and converted into colour lakes (B.P. 491,151). The 4-phenylphthalonitrile 
used in these examples was obtained from 3-nitro-4-aminodiphenyl via 3-nitro-4-cyano- and 3-amino-4-cyano- 
diphenyl, or from sodium 4-cyanodiphenyl-3-sulphonate by heating with anhydrous potassium ferrocyanide 
(B.P. 490,681). 

4-Phenylphthalonitrile has now been prepared from diazotised 4-aminophthalonitrile and benzene by means 
of the Gomberg reaction and also by the action of 4-nitrosoacetamidophthalonitrile on benzene. A portion 
of the product was hydrolysed to the known 4-phenylphthalic acid. In similar manner a mixture of 4-0-, 
4-m-, and 4-p-methoxyphenylphthalonitriles was formed when the benzene was replaced by anisole in the Gom- 
berg reaction with 4-aminophthalonitrile. Nitration of 4-phenylphthalonitrile in a mixture of hot fuming 
nitric acid and glacial acetic acid gave, as the main product, 4-p-nitrophenylphthalonitrile, which on hydrolysis 
gave 4-p-nitrophenylphthalic acid. 4-Phenylphthalic acid has also been prepared from ethyl 4-nitrosoacet- 
amidophthalate and benzene followed by hydrolysis. 

Tetra-(4)-phenylphthalocyanine * and a mixture of isomeric tetra-(4)-methoxyphenylphthalocyanines, both 
products being intensely green pigments, were prepared respectively from 4-phenylphthalonitrile and a mixture 
of 4-0-, 4-m-, and 4-p-methoxyphenylphthalonitrile by heating with sodium ethoxide (cf. Linstead and Lowe, 
loc. cit.; Barrett, Dent, and Linstead, J., 1936, 1719), and copper phthalocyanines were prepared from the 
corresponding substituted phthalic acids (Butterworth, Heilbron, Hey, and Wilkinson, J., 1938, 1389) as well 
as from 3-phenylphthalic acid and a mixture of 4-0-, 4-m-, and 4-p-chlorophenylphthalic acid by heating with 
urea and cuprous chloride by Wyler’s method (Wyler and I.C.I. Ltd., B.P. 464,126). Tetra-(4)-phenylphthalo- 
cyanine and its copper derivative gave a green shade similar to that of a copper chlorophthalocyanine, whereas 
the copper compounds of tetra-(3)-phenyl- and of tetra-(4)-chlorophenyl-phthalocyanine gave bluer shades. 

The development of a new and convenient method for the preparation of arylpyridines (J., 1940, 349, 
355, 358, 1279; Heilbron, Haworth, Hey, and I.C.I. Ltd., B.P. 518,886) led to the use of 4-aminophthalonitrile 
for the preparation of a mixture of 4-«-, 4-8-, and 4-y-pyridylphthalonitriles from the reaction between the 
diazotised base and pyridine. Hydrolysis of a portion of the product with aqueous sodium hydroxide and 
subsequent heating of the resulting mixture of sodium salts with soda-lime gave a liquid product in which «- 
and y-phenylpyridine were identified by treatment with picric acid and fractional crystallisation of the picrates. 
Specimens of pure 4-a- and 4-8-pyridylphthalonitrile were isolated from the mixture of nitriles by fractional 
precipitation with alkali from acid solution, and identified as such by hydrolysis, decarboxylation, and sub- 
sequent conversion into «- and $-phenylpyridine picrate. A number of other intermediates for the preparation 
of pyridylphthalocyanines have also been prepared. Mixtures of 4-a-, 4-8-, and 4-y-pyridylphthalimides and 
3-a-, 3-B-, and 3-y-pyridylphthalimides were obtained from the interaction of the appropriate diazotised amino- 
phthalimide with pyridine, as well as a mixture of ethyl 4-a-, 4-8-, and 4-y-pyridylphthalates from diazotised ethyl 
4-aminophthalate and pyridine (Heilbron, Haworth, Hey, and I.C.I. Ltd., B.P. 521,749), and mixtures of 
a-, B-, and y-3: 4-dichlorophenylpyridine and a-, B-, and y-3: 4-dibromophenylpyridine have been prepared 
from the appropriate diazotised 3 : 4-dihalogenoaniline and pyridine. 

Metal-free tetra-(4)-pyridylphthalocyanine was prepared from a mixture of 4-a-, 4-8-, and 4-y-pyridyl- 
phthalonitrile by heating it with sodium ethoxide, and the copper derivative was formed when the mixture of 
nitriles was heated with copper-bronze (cf. Bradbrook, Haworth, Heilbron, Hey, and I.C.I. Ltd., U.S.P. 
2,277,629). It was subsequently shown (Haddock and I.C.I. Ltd., B.P. 530,881) that the same copper tetra- 
(4)-pyridylphthalocyanine could be prepared from tetra-diazotised copper tetra-(4)-aminophthalocyanine 
and pyridine. The resulting green pigment showed the anticipated basic properties and was soluble in glacial 
acetic acid and in strong mineral acids. When the tetrapyridylphthalocyanines are converted by normal 

methods into tetrapyridinium salts, new water-soluble dyes showing direct affinity for 
cotton and viscose artificial silk are obtained, which are bright blue-green to green in 
shade and fast to washing and light. This process of “ quaternisation”’ provides a 


4 
novel method for solubilising these pigments (Bradbrook, Coffey, Haddock, and I.C.I., 
Ltd., B.P. 522,293). 
sana On account of resonance the phthalocyanine molecule is symmetrical in character 
and it is not possible to attribute a quinonoid structure to any one of the four benzene 
nuclei as is demanded by the static formula for the molecule. The assumption of a 
symmetrical basic structure simplifies the question of isomerism and the 16 aromatic 
hydrogen atoms in the parent compound (numbered 1 to 16 in the skeleton formula) may 


na PO ey be divided into two groups of eight, viz., those derived from a phthalic acid derivative 
is a Re substituted at position 3 and 4 respectively. Derivatives of 3-phenylphthalic acid thus 
1l 





give rise to four isomerides only, namely 1: 5:9: 13-, 1:5:9:16-, 1:65:12: 16-, and 
1:8: 9: 16-tetraphenylphthalocyanine, whereas derivatives of 4-phenylphthalic acid 
can give 2:6: 10:14-, 2:6: 10: 15-,2:6:11:15-, and 2:7: 10: 15-tetraphenylphthalocyanine. In the 
* The numbers given in parentheses refer to the orientation of the substituent in the parent phthalic acid derivative. 
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substituted tetraphenylphthalocyanines and the tetrapyridylphthalocyanines described in this communication 
the phthalocyanine structure may be attached to the substituted phenyl or pyridyl group at any one of three 
positions, and, further, the four groups may be all of the same kind or different. Such substituted tetraphenyl- 
and tetrapyridyl-phthalocyanines probably exist therefore in a relatively large number of different isomeric 
forms. 


EXPERIMENTAL. 


4-Phenylphthalonitrile—Method (a). A suspension of 4-aminophthalonitrile (21 g.) in a mixture of hydrochloric 
acid (d 1-16; 60 c.c.) and water (30 c.c.) was diazotised in the normal manner with sodium nitrite (12 g.) in water (150 
c.c.). Aqueous 20% sodium hydroxide was gradually added to a vigorously stirred mixture of the diazonium solution 
and benzene (300 c.c.) maintained at 5—10° until the mixture was slightly alkaline. Stirring was continued overnight, 
and the mixture allowed to attain room temperature. No tarry matter and very little coloured by-products were 
formed during the reaction. Evaporation of the separated benzene layer, after washing with dilute hydrochloric acid 
and with water, deposited the crude nitrile as an orange-coloured solid m. p. 145—155°. Crystallisation from dilute 
alcohol gave 4-phenylphthalonitrile in white needles (17 g.), m. p. 163—164° (Found : C, 82-2; H, 3-5. C,,H,N, requires 
C, 82-35; H, 39%). An attempt was made to distil a portion of the crude nitrile in a vacuum, but a considerable 
proportion of it was converted into the green tetra-(4)-phenylphthalocyanine. A portion of the pure nitrile (1 g.) was 
boiled under reflux with a mixture of 70% sulphuric acid (15 c.c.) and glacial acetic acid (5c.c.) for 3 hours. The mixture 
was poured into water, and the precipitated 4-phenylphthalic acid collected, dissolved in aqueous sodium hydroxide, 
filtered, reprecipitated with hydrochloric acid, again collected, and washed well with water. Crystallisation from dilute 
alcohol gave 4-phenylphthalic acid, m. p. 194°, both alone and on admixture with an authentic specimen (Found: C, 
69-3; H, 4-0. Calc. for C,4H,.O,: C, 69-4; H, 4-1%). Hydrolysis of the nitrile was also effected by refluxing with 
10% aqueous sodium hydroxide for 2 hours. 

Method (b). A 25% solution of nitrosyl chloride in acetic anhydride (26 g.) was added dropwise to a stirred suspension 
of 4-acetamidophthalonitrile (cf. Drew and Kelly, J., 1941, 640; 18 g.) in a mixture (250 c.c.) of glacial acetic acid and 
acetic anhydride (4 : 1) containing fused potassium acetate (10 g.) and a trace of phosphoric oxide at 8°. After a further 
15 minutes the mixture was poured into excess of iced water, and the precipitated nitroso-compound collected and dried 
(yellow solid, m. p. 78°, decomp.). The nitroso-compound was added gradually to benzene (500 c.c.) at 60—70° and the 
mixture was maintained at this temperature for 2 hours. When cold the mixture was filtered from a small quantity of 
insoluble matter, and the filtrate evaporated. 4-Phenylphthalonitrile (7 g.) was deposited, m. p. 161—162° after 
crystallisation from alcohol, both alone and on admixture with the compound prepared by method (a). 

4-0-, -m-, and -p-Methoxyphenylphthalonitrile.-—A similar reaction to that described in method (a) was carried out 
with anisole (400 c.c.) in place of benzene. Separation of the anisole layer was facilitated by the addition of benzene, 
and the benzene-—anisole layer was distilled on the steam-bath under reduced pressure, since if the anisole was removed 
by distillation at atmospheric pressure some phthalocyanine formation took place. Crystallisation of the crude residual 
nitrile from absolute alcohol gave a mixture of the three nitriles as a white crystalline solid, m. p. 112—134° (Found : 
C, 76-95; H, 4-45. C,;H, ON, requires C, 76-9; H, 4:3%). 

Nitration of 4-Phenylphthalonitrile—A mixture of fuming nitric acid (10 c.c.) and glacial acetic acid (10 c.c.) was 
added gradually with stirring to a hot solution of 4-phenylphthalonitrile (2 g.) in glacial acetic acid (15 c.c.). Heating 
on the steam-bath was continued for 2 hours. After standing overnight a small quantity of insoluble matter (m. p. 
>300°) was removed, and the filtrate poured into water. Vacuum sublimation of the precipitated solid, followed by 
crystallisation from alcohol, gave 4-p-nitrophenylphthalonitrile, m. p. 228—229° (Found: C, 67-3; H, 3-2. C,,H,O,N, 
requires C, 67-4; H,.2-8%). F. P. 811,933 records m. p. 231° for this compound. Hydrolysis of a portion by boiling 
with 10% aqueous sodium hydroxide gave 4-p-nitrophenylphthalic acid, m. p. and mixed m. p. 178—179°. 

4-Phenylphthalic Acid.—A solution of ethyl 4-acetamidophthalate (14 g.) was nitrosated with nitrosyl chloride as 
described in method (b) above. After being poured into excess of iced water, the nitroso-compound separated as a 
yellow oil, which was extracted with benzene. The extract was washed with water and kept over sodium sulphate for 
12 hours at room temperature. Evaporation of the decanted solution left a brown oil, which was boiled for 3 hours 
with 20% aqueous sodium hydroxide (250 c.c.). After extraction with ether, acidification of the aqueous layer pre- 
cipitated 4-phenylphthalic acid (5-5 g.), m. p. 194° after crystallisation from aqueous alcohol. 

Tetraphenylphthalocyanines.—(a). From the phthalic acids. The phthalic acid (1 g.), urea (1 g.), cuprous chloride 
(0-15 g.), and a trace of ammonium vanadate were heated together at 200° for 1 hour. The fused mass was powdered 
and thoroughly extracted with hot water. The insoluble pigment was then further purified by continuous extraction 
with boiling o-dichlorobenzene. The above method was applied to 3- and 4-phenyl-, 4-(0, m, and »)-methoxyphenyl-, 
and 4-(0, m, and p)-chlorophenyl-phthalic acids (Butterworth, Heilbron, Hey, and Wilkinson, loc. cit.). The copper 
derivatives of tetra-(4)-phenyl- (Found: N, 12-4. C,;,H,,N,Cu requires N, 12-7%), tetra-(3)-phenyl- (Found: N, 
12-6%), tetra-(4)-methoxyphenyl- (Found: N, 10-9. CoH wO,N,Cu requires N, 11-2%), and tetra-(4)-chlorophenyl- 
aa ay (Found: N, 11-5. Cs5.H,,N,Cl, requires N, 11-7%) were obtained as very dark green, amorphous 
powders. 

(b) From the phthalonitriles. 4-Phenylphthalonitrile (2 g.) was heated for 10 minutes at 180° in presence of sodium 
ethoxgde (0-1 g.). The molten mass became green. When cold, the fused mass was repeatedly extracted with hot water, 
and the insoluble green tetva-(4)-phenylphthalocyanine finally purified by extraction with boiling o-dichlorobenzene 
(Found: N, 13-9. Cs.H,,N, requires N, 13-7%). A similar reaction with 4-methoxyphenylphthalonitrile gave tetra- 
(4)-methoxyphenylphthalocyanine (Found: N, 11-7. CgpH,,O,N, requires N, 12-0%). ° 

4-(a, B, and y)-Pyridylphthalonitrile—A suspension of 4-aminophthalonitrile (24 g.) in concéntrated hydrochloric 
acid (70 c.c.) and water (30 c.c.) was diazotised at 0—5° with aqueous sodium nitrite (12 g.). The filtered diazonium 
solution was added dropwise during 2 hours to pyridine (200 c.c.) stirred at 25—30°. When addition was complete, 
stirring was continued for a further 2 hours, after which the brown solid (18 g.) which separated was filtered off, washed, 
and dried. An additional 3 g. was obtained on dilution and basification of the filtrate. After sublimation in a vacuum 
the white mixture of the three phthalonitriles was crystallised from alcohol (m. p. 155—165°) (Found: C, 76-2; H, 3-6. 
C,,H,N, requires C, 76-1; H, 3-4%). Hydrolysis of a portion of the product with aqueous sodium hydroxide and 
evaporation to dryness gave a residue of sodium salts which was ground with soda-lime and heated strongly. The oily 
distillate was treated with alcoholic picric acid, and fractional crystallisation of the resulting picrates from acetone gave 
mainly a-phenylpyridine picrate, m. p. 174—175° and some y-phenylpyridine picrate, m. p. 195—196°, both m. p.’s 
showing no depression on admixture with authentic specimens. The separation of pure 4-a- and 4-8-pyridylphthalo- 
nitrile from the mixture was effected by dissolving the crude product in hydrochloric acid, followed by fractional pre- 
cipitation of the bases with aqueous sodium hydroxide. The first fraction, the 4-a-pyridyl compound, had m. p. 169° 
after ——— from alcohol (Found : C, 76-0; H, 3-5%) and, on hydrolysis and decarboxylation, as described above, 
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gave a-phenylpyridine, identified as picrate, m. p. 175°. A subsequent fraction, the f-analogue, had m. p. 196—197° 
after crystallisation from alcohol (Found: C, 75-9; H, 3-5%), and, on hydrolysis and decarboxylation, gave £-pheny!- 
yridine, identified as picrate, m. p. and mixed m. p. 160°. 

4-(a, B, and y)-Pyridylphthalimides.—A filtered solution of diazotised 4-aminophthalimide, prepared by gradual 
addition of sodium nitrite (12 g.) to a solution of the base (24 g.) in a mixture of concentrated sulphuric acid (25 c.c.) 
and water (40 c.c.) at O—5°, was added during 2 hours to pyridine (200 c.c.) stirred at 40—50°. When addition was 
complete the reaction mixture was heated on the steam-bath for $ hour and then poured into water (1000 c.c.). The 
yellow solid (18 g.) which separated was filtered off, washed with water, and dried. Purification by vacuum sublimation, 
followed by crystallisation from alcohol, gave a white mixture of the pyridylphthalimides, m. p. 238—246° (Found : 
C, 69-6; H, 3-9. C,,;H,O,N, requires C, 69-6; H, 3-6%). 

3-(a, B, and y)-Pyridylphthalimides.—In similar manner 3-aminophthalimide (24 g.) gave these imides (27 g.) asa 
pale yellow solid. Vacuum sublimation followed by crystallisation from nitrobenzene gave the product as a white 
solid, m. p. 260—270° (Found: N, 12-0. C,,;H,O,N, requires N, 12-5%). 

Ethyl 4-(a, B, and y)-Pyridylphthalate—Ethyl 4-aminophthalate (38 g.) in a mixture of concentrated hydrochloric 
acid (80 c.c.) and water (8 c.c.) was diazotised at 5° with sodium nitrite (13 g.). The filtered diazonium solution was 
added slowly to pyridine (800 c.c.) stirred during 1} hours at 50°. When addition was complete stirring was continued 
for 1 hour and the mixture left overnight. The dark solution was then neutralised with aqueous sodium hydroxide and 
excess of pyridine removed with steam. The non-volatile oil was extracted with benzene and separated. The viscous 
residue after removal of solvent was distilled in a vacuum and a mixture of the three esters (22 g.) was collected at 
130°/0-01 mm. as a yellow oil (Found: C, 68-2; H, 5-9. C,,H,,Q,N requires C, 68-2; H, 5-7%). 

a-, B-, and y-3 : 4-Dichlorophenylpyridine.—A diazonium solution, prepared by addition of aqueous sodium nitrite 
(14 g.) to a suspension of 3 : 4-dichloroaniline (32 g.) in‘concentrated hydrochloric acid (72 c.c.) and water (60 c.c.), was 
added during 2 hours to pyridine (250 c.c.) stirred at 30—40°. When addition was complete, the reaction mixture was 
heated on the steam-bath for $ hour and then made alkaline with ammonia. Excess of pyridine was removed with 
steam. The non-volatile viscous oil was extracted with benzene. After removal of the solvent the mixed a-, B-, and 
y-3 : 4-dichlorophenylpyridines (19 g.) were collected at 170—200°/1 mm. as a pale yellow solid, m. p. 60—70°, after 
crystallisation from light petroleum (b. p. 40—60°) (Found: C, 59-4; H, 3-1. C,,H,NCl, requires C, 59-6; H, 3-1%). 

a-, B-, and y-3 : 4-Dibromophenylpyridine.—The diazonium solution, prepared by addition of aqueous sodium nitrite 
(7 g.) to a suspension of 3 : 4-dibromoaniline (25 g.) in concentrated hydrochloric acid (36 c.c.) and water (36 c.c.) at 
0—5°, was added gradually to pyridine (150 c.c.) stirred at 30—40°. The product was worked up as described in the 
preceding paragraph, and the mixture of the three bromo-compounds was collected at 140—170°/<1 mm. and solidified 
on cooling. Crystallisation from light petroleum (b. p. 40—60°) gave a microcrystalline product, m. p. 60—70° (Found: 
C, 42-5; H, 2-6. C,,H,NBr, requires C, 42:2; H, 2-2%). 

Tetrapyridylphthalocyanines.—Metal-free tetra-(4)-pyridylphthalocyanine was prepared by heating 4-(a, B, and y)- 
pyridylphthalonitrile (2 g.) with sodium ethoxide (0-1 g.) at 180° for 15 minutes. The cold fused mass was repeatedly 
extracted with hot water, and the insoluble pigment finally extracted with boiling o-dichlorobenzene. Tetra-(4)-pyridyl- 
—— was obtained as a greenish-black, amorphous powder (Found: N, 19-9. C,,H,,N,, requires N, 20-3%). 

he copper derivative was formed by heating a mixture of 4-(a, 8, and y)-pyridylphthalonitrile (1-6 g.) and copper bronze 
(0-14 g.) in a Pyrex tube in an oil-bath at 220° with stirring. The mixture became semi-solid and after 15 minutes it 
was allowed to cool. The resulting copper tetra-(4)-pyridylphthalocyanine was extracted with pyridine, in which it gave 
a deep green solution and from which it separated as a dark blue-green, amorphous powder on concentration (Found : 
N, 19-0. C5,H3,N,,Cu requires N, 19-3%). The pigment was also soluble in glacial acetic acid and in strong mineral acids. 


Thanks are due to Dr. E. C. Butterworth and Dr. H. France for assistance with certain sections of the experimental 
work, and to Imperial Chemical Industries Ltd., Dyestuffs Division, for grants and gifts of chemicals. 
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103. The Structure of Pyrethrolone and Related Compounds. Part IV. 
By T. F. West. 


On treatment in ethereal solution with aluminium amalgam, pyrethrolone is converted into pyrethrone 
or dihydropyrethrone as main product according to the conditions. Under suitable conditions d- and i- 
pyrethrolone methyl ether are demethylated to give pyrethrone. This ketone contains the same chromophoric 
system as the parent pyrethrolone. Dinydropyrethrone and dihydrojasmone contain similar a8-unsaturated 
ketonic groupings. Evidence is presented to cause rejection of the formulations (III) and (IV) previously 
advanced for pyrethrolone, and the anomalous reactions and light-absorption data (Gillam and West, J., 1942, 
671; 1944, 49; West, J., 1944, 51, 239, 642) can be éxplained by accepting LaForge and Barthel’s view 
(J. Org. Chem., 1944, 9, 242, in press) that pyrethrolone is heterogeneous. ‘ 


ATTEMPTs to prepare pyrethrone (LaForge and Haller, J. Org. Chem., 1938, 2, 546) gave unsatisfactory results, 
and experiments were made using specially purified ether, to which controlled amounts of water and methyl 
alcohol were added, and various reaction periods. The reaction mixture afforded according to the conditions 
employed either dihydropyrethrone (semicarbazone, m. p. 203—205°) or pyrethrone (semicarbazone, m. p. 
216—218°). Contrary to the conclusion of LaForge and Barthel (J. Org. Chem., 1944, 9, 242), the light- 
absorption data (for the ketones themselves and their semicarbazones) showed that pyrethrolone and pyrethrone 
contain similar light-absorbing systems (Gillam and West, J., 1942, 671; 1944, 49), and hence, if it be accepted 
that pyrethrolone consists mainly of the compound (I, R = OH), the main constituent of pyrethrone must 
be formulated as (I, R = H) and the data are in accord with formulation (II) for dihydropyrethrone. 


CMe CMe 
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Under suitable conditions both the i- and the d-form of pyrethrolone methyl ether were demethylated (cf. 
Birch, J., 1944, 430) to form pyrethrone. The terminal methyl values (Barthel and LaForge, Ind. Eng. Chem. 
Anal., 1944, 16, 434) have been recorded for the various compounds examined but the results are difficult to 
interpret; for instance, pyrethrone regenerated from its semicarbazone gave terminal methyl equivalent to 
1-25 mols. of acetic acid per mol. of compound, the corresponding value for dihydropyrethrone, dihydrojasmone, 
and tetrahydropyrethrolone being 1-74, 1-94, and 1-76 mols., respectively. Evidence in support of the criticism 
(LaForge and Barthel, Joc. cit.) of formulation (III) for pyrethrolone (Gillam and West, loc. cit.) has now been 
obtained by the isolation of the semicarbazone of hexahydropyrethrone directly from the hydrogenation 
products of the semicarbazone of tetrahydropyrethrolone acetate when the possibility of interchange of the 
>CO and the >CH(OH) group is precluded. More recently structure (IV) (West, J., 1944, 239) was advanced 


CMe Fes 
J~ ' (Vv. 
H H-CH:CH-CH:CHMe H :CH-CH,°CH:CHMe 
OC——CH-OH (OH)CH—CO 
(III.) (IV.) : O/\ 


for pyrethrolone in an attempt to overcome some of the difficulties inherent in the formule advanced previously. 
Dr. F. B. LaForge (private communication) has now directed attention to the existence of the compound 
(V) which contains a similar chromophoric system and displays maximum light absorption at 2650 a. with log 
¢ = 4-25 (in alcohol) (Plattner and Magyer, Helv. Chim. Acta, 1941, 24, 191). It is clear that a number of the 
difficulties raised by the formulations suggested for pyrethrolone (Gillam and West, loc. cit.; West, loc. cit. ; 
LaForge and Acree, J. Org.Chem., 1942, 7, 418) can be explained now that it has been ascertained that pyrethro- 
lone is a mixture of «8-unsaturated cyclopentenolone derivatives differing with respect to the nature of the side 
chain (LaForge and Barthel, Joc. cit.) and (IV) need no longer be considered. . 


EXPERIMENTAL. 
(Analyses are by Drs. Weiler and Strauss, Oxford.) 


Treatment of Pyrethrolone with Aluminium Amalgam.—(a) Pyrethrolone (15 g.), b. p. 134—138°/1-1 mm., 30° 1-5350, 
in ether dried by distillation over sodium (900 ml.) was poured on freshly prepared aluminium amalgam (45 g.), and the 
mixture kept for 15 hours at room temperature in a dry atmosphere (cf. LaForge and Haller, J. Org. Chem., 1938, 2, 
546). The oil recovered from the ether was distilled, giving two fractions, each of which was identified as unchanged 

ethrolone. 

a Pyrethrolone (6 g.), b. p. 137—138°/1-1 mm., 1?%° 1-5430, dissolved in dry ether (360 ml.), was added to aluminium 
amalgam (18 g.). After 6 hours, water (3 ml.) was added with shaking, followed after 12 hours by a further addition 
of 3 ml. of water. In this experiment the ethereal solution was kept in contact with the amalgam for 42 hours and in 
all 21 ml. of water were added in small quantities at intervals. The oil (5-7 g.) obtained on removal of the ether was 
steam-distilled, and the steam-volatile oil, »?% 1-5116 (0-72 g.), obtained with light petroleum gave a semicarbazone, 
m. p. 190—194°, raised by two recrystallisations from methyl alcohol to 201—203°; mixed m. p. with dihydropyrethrone 
semicarbazone [m. p. 203—205° (decomp.); prepared from pyrethrone] 202—204°. The semicarbazone (0-1 g.), dis- 
solved in methyl alcohol (60 ml), was hydrogenated in the presence of a reduced platinum oxide catalyst; 10-1 ml. of 
hydrogen at N.T.P. were absorbed in 5 mins. (no further absorption after 20 mins.) (C,,H,,ON,|= requires 10-1 ml.). 
The reduced solution gave on concentration a semicarbazone (70 mg.), m. p. 171—174°, raised by one recrystallisation 
from benzene to 174—175°, not depressed on admixture with dihydrojasmone semicarbazone (m. p. 175—176°). 

(c) Pyrethrolone (4 g.), b. p. 139—141°/1-2 mm., n}" 1-5379, in ether containing water (1-3% v/v) and methyl alcohol 
(1-5% v/v) (240 ml.) was poured on aluminium amalgam (12 g.), and after reaction had proceeded during 15 hours, the 
ethereal solution was treated essentially as described under (6). The oil recovered from the ethereal solution was dis- 
tilled, giving a product (1-7 g.), b. p. 80—123°/0-7 mm., u?* 1-5204; no second fraction was obtained, the residue (2 g.) 
being resinous. This oil (1-5 g.), treated as described by LaForge and Haller (loc. cit.), gave a semicarbazone (1-6 g.), 
m. p. 201—204°, giving pyrethrone semicarbazone (0-65 g.), m. p. 217—-219° (decomp.), after two recrystallisations from 
ethyl alcohol. 

% Pyrethrolone (10 g.), b. p. 140—144°/1-3 mm., 30° 1-5402, [a]??* 9-9° (c, 11-35 in alcohol), A max. 2285 a.,¢ = 22,500 
[Found: C, 73-8; H, 8:3; CH,(C), 13-1. Calc. for C,,H,,0,: C, 74:15; H, 7-9%], in ether containing water (1:3%) 
and methyl alcohol (1-5%) (600 ml.) was treated with aluminium amalgam (30 g.) during 15 hours and worked up, giving 
a fraction (6-1 g.), b. p. 80—135°/0-7 mm., 3° 1-5246 [Found : C, 75-4; H, 9-1; CH,(C), 13-2%], A max. 2285 a., Ein, 
1,100 (e = 17,800, if M = 162), This was fractionated in a 20-ml. flask (Shrader and Ritzer, Ind. Eng. Chem. Anal., 
1939, 11, 54) : 


B.p./0-5 Found.* CH,(C), 
Frn. mm. ne. Wt. (g). Cc, %. H,%. Amax.,a. emax. M taken. %. 
1 60—75° 1-5158 1-00 80-15 9-95 2285 16,900 162 16-8 
2 75—95 1-5270 0-80 79-9 9-4 2290 22,000 162 10-8 
3 95—105 1-5269 0-48 77-9 9-2 2290 22,500 162 15-2 
4 105—120 1-5202 1-16 72-6 9-8 2285 14,400 162 18-2 
5 120—125 1-5272 1-00 73-5 8-9 2280 15,700 178 15-6 
Residue — — 1-00 


* Calc. for pyrethrone, C,,H,,O: C, 81-5; H, 86%. For dihydropyrethrone, C,,H,,0: C, 80-5; H, 9-75%. 
For pyrethrolone, C,,H,,0,: C, 74-15; H, 7-9%. 


Fraction 1 (0-64 g.) gave a semicarbazone (0-78 g.), m. p. 210—212°, raised by two recrystallisations from ethyl 
alcohol to 216—217° (Found: N, 19-3; CH,(C), 7-4. Calc. for CygH,,ON,: N, 19-2%], AA max. 2315 a., € = 22,100, 
and 2660 a.,e = 21,900. Fraction 2 (0-4 g.) gave a semicarbazone (0-36 g.), m. p. 211—214°, raised by recrystallisation 
to 216—217° (Found: N, 18-6; CH,(C), 6-6%], AA max. 2320 a., ¢ = 21,000, and 2665 a., e = 20,700. Fraction 3 
(0-15 g.) gave a semicarbazone (0-13 g.), m. p. 210—212°, raised by recrystallisation to 214—216° [Found: N, 18-0; 
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CH,(C), 65%], AA max. 2305 a., e = 22,000, and 2665 a., e = 19,600. Fraction 4 (0-75 g.) gave a semicarbazone (0-75 
g.), m. p. 196° (indef. ; sintering at 138°), recrystallised to give pyrethrone semicarbazone (0-1 g.), m. p. 216—218° [Found : 
N, 19-8; CH,(C), 6-8%], AA max. 2300 a., ¢ = 24,500, and 2665 a., e = 20,500. Fraction 5 gave pyrethrolone semi- 
carbazone, m. p. 207—208°, net depressed by admixture with the original pyrethrolone semicarbazone, m. p. 206— 
208° [Found: N, 17-6; CH,(C), 9-5. Calc. for C,,H,,O,.N,: N, 17-9%], AA max. 2300 a., ¢ = 20,800, and 2650 a., 
e = 19,400. The recrystallisation liquors were bulked and by concentration, in addition to a small amount of pyrethrone 
and dihydropyrethrone semicarbazones, a benzene-insoluble product was finally obtained. This was dissolved in methyl 
alcohol (5 ml.), and to the filtered solution ether (20 ml.) was added, giving a product (30 mg.), m. p. 147—151° (Found : 
C, 49-2; H, 8-3; N, 25-4%), A max. 2295 a., E}%,, 900. It was not identified, but from the light-absorption data it 
seems unlikely that it is the semicarbazone of an af-unsaturated ketone (location usually near 2650 a.), and the absorp- 


tion is probably a summation due to the chromophores (>cic-ic<) and (*CR:N-NH‘CO-NH,). It may be an impure 
semicarbazido-semicarbazone of an af-unsaturated ketone with a conjugated side chain. (Calc. for pyrethrone semi- 
carbazido-semicarbazone, C,,;H,,0,N,: C, 53-1; H, 7-5; N, 286%.) Each of the fractions 1—4 was hydrogenated in 
the presence of platinum oxide, and dihydrojasmone (identified by crystalline derivatives) obtained from the solution. 

Pyrethrone semicarbazone (2-9 g.), m. p. 216—218°, subjected to steam-distillation in the presence of oxalic acid 
solution (10%) (LaForge and Haller, J. Org. Chem., 1938, 2, 553), gave regenerated pyrethrone (1-8 g.), b. p. 90—91°/0-75 
mm., 2° 1-5282, ay + 0°, dif: 0-973, A max. 2297 a., e = 28,000 [Found : C, 80-9; H, 8-9; CH,(C), 11-4. Calc. for 
C,,H,,0: C, 81-5; H, 86%]. The semicarbazone of the regenerated ketone had m. p. 217—219°, not depressed by 
admixture with the starting material. 

Dihydropyrethrone.—Hydrogen bromide was passed into a cooled solution of the regenerated pyrethrone (1-3 g.) in 
acetic acid (6-5 ml.) until the weight had increased by 0-88 g. This mixture was cooled overnight, acetic acid (6-5 ral.) 
added, the solution heated on the water-bath, and zinc dust (5 g.) added during 30 mins. The product was diluted with 
water, the oil extracted with ether, the ether removed, and the residue steam-distilled (cf. LaForge and Haller, J. Org. 
Chem., 1938, 2, 554). The oil (1-1 g.) extracted from the distillate with light petroleum had nj} 1-4916, A max. 2380 a., 
e = 10,600, and gave, after recrystallisation from methyl alcohol, pyrethrone semicarbazone, m. p. 203—205°, A max. 
2665 a., € = 23,600 (this is consistent with the semicarbazone of an af-unsaturated ketone without any appreciable 
diene component) (Found: N, 18-1. Calc. for C;,H,,ON,: N, 19-0%). The semicarbazone (0-1 g.) in methyl alcohol 
(45 ml.), hydrogenated in the presence of a reduced platinum oxide catalyst, absorbed 9-8 ml. of hydrogen at N.T.P. 
(Calc. for C,,H,,ON,|— : 10-1 ml.), and by concentration of the solution dihydrojasmone semicarbazone was obtained, 
m. p. 175—176° after recrystallisation from benzene. Dihydropyrethrone regenerated from the semicarbazone had b. p. 
85—86°/0-6 mm., np” 1-5010, [a]p + 0° (c, 3 in alcohol), A max. 2350 a., e = 14,300 [Found : C, 80-4; H, 10-2; CH,(C), 
15-9. Calc. for C,,H,,O0 ; Cc. 80-5; H, 9-75%]. 

Hydrogenation of Tetrahydropyrethrolone Acetate Semicarbazone.—Tetrahydropyrethrolone (1-5 g.), b. p. 126— 
127°/0-8 mm., n}?* 1-4932, a?” 10-2°, was heated with acetic anhydride (6 g.) on the water-bath for 4 hours. The acetic 
acid produced and the excess of acetic anhydride were removed by fractionation under reduced pressure, and the crude 
acetate distilled to give tetrahydropyrethrolone acetate (1-65 g.), b. p. 117°/1-3 mm., nf” 1-4761, af?” 27-4°, did3: 1-016, 
A max. 2300 a., ¢ = 11,750 (Found: C, 70-0; H, 8-9. C,;H,9O, requires C, 69-6; H, 8-9%). The semicarbazone had 
m. p. 140—141°, A max. 2655 a., ¢e = 20,700 (Found: C, 59-6; H, 8-9. C,,H,,0,N, requires C, 59-8; H, 82%). In 
a typical experiment tetrahydropyrethrolone acetate semicarbazone (3 g.) in methyl alcohol (350 ml.) was hydrogenated 
in the presence of a platinum oxide catalyst (0-75 g.) for 2? hours, absorbing 500 ml. of hydrogen at N.T.P. (Calc. for 
2H,: 480 ml.). The filtered solution was concentrated (20 ml.), giving a white crystalline product (0-29 g.), m. p. 187° 
(sintering at 183°), which after two recrystallisations from methyl alcohol gave hexahydropyrethrone semicarbazone 
(Haller and LaForge, J. Org. Chem., 1937, 2, 49) (0-12 g.), m. p. 195—196°, [a]? + 0° (c, 7°34 in alcohol) (Found: C, 
63-6; H, 9-7; N, 18-1. Calc. for Cj,H,,ON,: C, 64:0; H, 10-2; N, 18-7%). 

Dihydrojasmone.—Tetrahydropyrethrolone [regenerated from semicarbazone, m. p. 192—193° (LaForge and Haller, 
J. Amer. Chem. Soc., 1936, 58, 1777)], b. p. 124°/0-6 mm., n?* 1-4912, a}? 9-8°, AA max. 2320 a., © = 11,800, and 3130 a., 
e = 65, CH,(C), 14:3, 14-8% (cf. Barthel and LaForge, Ind. Eng. Chem. Anal., 1944, 16, 434), with thionyl chloride 
(LaForge and Haller, loc. cit.) gave 5-chlorotetrahydropyrethrone, b. p. 98—100°/0-6 mm., nj?” 1-4950, a3?* 23-8°, AA max. 
2350 a., ¢ = 10,600, and 3090 a., ee= 55 (Found: Cl, 18-0. Calc. for C,,H,,OCl: Cl, 17-7%). By proceeding 
essentially as described by LaForge and Haller (loc. cit.), this was reduced to dihydrojasmone, b. p. 82°/1 mm., n?” 
1-4805, [a]??* + 0° (c, 10 in alcohol), AA max. 2360 a.,e = 13,300, and 3050 a.,¢ = 55 (Found: C, 79-3; H, 10-4; CH,(C), 
17-5, 17-2. Calc. for C,,H,,0: C, 79-5; H, 10-8%]. The semicarbazone had m. p. 175—176° after recrystallisation 
from benzene, and dihydrojasmone 2 : 4-dinitrophenylhydrazone, prepared by the usual method and recrystallised from 
ethyl alcohol, had m. p. 121—122° (Found: N, 16-4. C,,H,,0,N, requires N, 16-2%). 

Treatment of i- and d-Pyrethrolone Methyl Ethers——i-Pyrethrolone methyl ether (10 g.) (West, J., 1944, 239), b. p. 
100—102°/1-2 mm., n?* 1-5091, ap + 0°; OMe, 15-7; CH,(C), 14-6%, in dry ether (600 ml.) was added to freshly prepared 
aluminium amalgam (30 g.). Water (12 ml.) was added with shaking, and the mixture kept at room temperature during 
15 hours; then a further 4 ml. of water were added with shaking, and the mixture kept for a further 25 hours. The 
pleasant-smelling, viscous oil obtained from the ether was fractionated : 


Frn, B. p./0-9 mm. ne, Wt. (g.). Frn. B. p./0-9 mm. ni”. Wt. (g.). 
1 64—74° 1-4933 0-2 5 88—93° 1-5100 0°52 
2 74—80 1-4984 0-27 6 94—98 -1-5128 0°27 
3 81—83 1-5020 0-58 Resin o -- 6-9 
4 84— 88 1-5052 0-36 


Fraction 1 (0-1 g.) gave a semicarbazone (90 mg.), m. p. 164—171°, raised by two recrystallisations from methyl alcohol 
to 180—183°, which was not further examined. Each of the fractions 2—6 gave pyrethrone semicarbazone of which 
the m. p. was not depressed upon admixture with the semicarbazone, m. p. 217—219°, obtained from the pyrethrone 
derived from pyrethrolone. 

d-Pyrethrolone methyl ether (West, J., 1944, 239), [a]? 83-3°, n#?* 15142; OMe, 16-3; (CH,)C, 16-4%, under similar 
conditions gave fractions from which pyrethrone semicarbazone was obtained. 

Determinations of absorption spectra were made in ethyl-alcoholic solutions on a Hilger E, quartz spectrograph in 
conjunction with a Spekker photometer. 


I am greatly indebted to Dr. A. E. Gillam, F.R.I.C., for his kindness in making available the absorption data, and to 
the Directors of Stafford Allen and Sons Ltd. for facilities. 


STAFFORD ALLEN AND Sons Ltp., Lonpon, N. 1. (Received, November 16th, 1944.] 
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104. Nitration of 4-Chloro- and 4-Hydroxy-quinaldine. 
By BarRBARA E. HaLcrow and WILLIAM O. KERMACK. 


Nitration of 4-chloroquinaldine yields mainly 4-chloro-8-nitroquinaldine, along with some of the 5-nitro- 
and the 6-nitro-isomer. The orientation of the 8-nitro-compound has been established by converting it into 
4: 8-dichloroquinaldine, and the 5-nitro-derivative has been converted into the known 5-amino-4-hydroxy- 
quinaldine. The fact that 4-hydroxyquinakline yields the 3- or the 6-nitro-derivative according as the nitration 
is carried out in hot concentrated nitric acid or with nitric acid in cold sulphuric acid has been confirmed. 


It has been shown (Balaban, J., 1930, 2349) that when 2-hydroxylepidine is nitrated with nitric acid in cold 
sulphuric acid, the 6-nitro-derivative is formed, whereas, according to Johnston and Hamilton (J. Amer. 
Chem. Soc., 1941, 68, 2864) and Krahler and Burger (ibid., 1942, 64, 2417), the main product of the nitration 
of 2-chlorolepidine is the 8-nitro-derivative, some of the 6-nitro-compound also being formed. It was thought 
of interest to investigate the nitration of 4-chloroquinaldine, especially as, if nitration occurred mainly in the 
8-position, a promising route would be opened to 8-nitro-4-hydroxyquinaldine. Many unsuccessful attempts 
had previously been made in this laboratory to obtain this compound from o-nitroaniline and ethyl aceto- 
acetate by the general method of Conrad and Limpach, but the presence of the o-nitro-group seems to interfere 
with the reaction. 

When 4-chloroquinaldine is nitrated with potassium nitrate in 100% sulphuric acid the product contains 
three isomeric chloro-nitro-quinaldines. The main product, separated by means of its low solubility in cold 
2n-hydrochloric acid, was identified as 4-chloro-8-nitroquinaldine by conversion into 4-chloro-8-amino- and 
thence into 4 : 8-dichloro-quinaldine, identical with the dichloro-compound described by Krahler and Burger 
(loc. cit.). 4-Chloro-5-nitroquinaldine, separated as the nitrate, was identified by conversion into 5-nitro-4- 
methoxyquinaldine and hence through 5-nitro-4-hydroxyquinaldine into 5-amino-4-hydroxyquinaldine, identical 
with that synthesised by Kermack and Webster (J., 1942, 213). The third isomer, 4-chloro-6-nitroquinaldine, 
was identical with that of Kermack and Weatherhead (J., 1939, 563). 

In some experiments the mixed product obtained after removal of the least basic component, viz., 4-chloro- 
8-nitroquinaldine, on repeated crystallisation from benzene gave 8-nitro-4-hydroxyquinaldine, 
as was proved by converting 4-chloro-8-nitroquinaldine into 8-nitro-4-methoxyquinaldine and 
thence into the same 8-nitro-4-hydroxyquinaldine. Reduction of the latter afforded 8-amino- 
4-hydroxyquinaldine, which on diazotisation gave a stable, white, crystalline compound, 
4-keto-1 : 4-dihydroquinaldine-1 : 8-diazoimide (I) (compare Krahler and Burger for the anal- 
ogous case of 8-amino-2-hydroxylepidine). 

Reduction of 4-chloro-8-nitroquinaldine by hydrogen in presence of Raney nickel catalyst 
(Albert and Ritchie, J. Proc. Roy. Soc., N.S.W., 1940, 74, 74) yielded 4-chloro-8-amino- 
quinaldine. Attempts to obtain 4-chloro-2-methyl-o-phenanthroline by means of the Skraup reaction on this 
amino-compound were unsuccessful. 

It seemed desirable to reinvestigate the nitration of 4-hydroxyquinaldine, for Conrad and Limpach (Ber., 
1887, 20, 950) state that it yields the 3-nitro-derivative, whereas Kermack and Weatherhead (loc. cit.) found 
that it nitrates in the 6-position. The explanation lies in the fact that Conrad and Limpach used hot, con- 
centrated nitric acid, whereas Kermack and Weatherhead carried out nitration in cold concentrated sulphuric 
acid. The two nitro-derivatives are very similar: both are unmelted at 400°, and dissolve readily in sodium 
hydroxide solution and ammonia, though in dilute ammonia the 3-nitro-compound appears somewhat more 
readily soluble. They are, however, readily distinguishable on conversion into the corresponding 4-chloro- 
nitroquinaldines by the action of phosphorus oxychloride and pentachloride. 4-Chloro-3-nitroquinaldine 
melts at 93—94° (Conrad and Limpach, Ber., 1888, 21, 1981), and 4-chloro-6-nitroquinaldine at 142° (Kermack 
and Weatherhead, loc. cit.). The mixed m. p. of these isomers showed marked depression, so it is certain that 
, they are distinct. It would seem that in the concentrated sulphuric acid the hydroxyquinaldine exists in the 
form of its salt, with the result that nitration in the 3-position of the positively charged pyridine ring is inhibited, 
whilst the 6-position can still undergo activation by electromeric shift of electrons from the hydroxy-group 
to the carbon atom in position 6. In concentrated nitric acid, which contains many water molecules, sufficient 
amounts of the base apparently exist in the uncombined state to allow nitration in the 3-position to be the 
predominating reaction. In neither case does the 8-nitro-derivative appear to be formed. 





EXPERIMENTAL, 


Nitration of 4-Chloroquinaldine.—The base (45 g.) was dissolved in 100% sulphuric acid (298 g.), the solution being 
kept cold in a freezing mixture, and potassium nitrate (35 g.) added gradually with mechanical stirring. After standing 
overnight at room temperature, the reaction mixture was poured on ice and basified with sodium hydroxide. The 
precipitated yellow solid was filtered off and washed. 

4-Chloro-8-nitroquinaldine.—The yellow solid obtained above was heated to boiling in 2n-hydrochloric acid (200 c.c.), 
the solution filtered immediately from a small residue, and diluted with its own volume of water. The yellow solid 
deposited crystallised from alcohol as yellow needles (12-5 g.), m. p. 111—113° (Found: C, 53-9; H, 2-9.. CyH,O,N,Cl 
requires C, 53-9; H, 3-1%), sparingly soluble in water, insoluble in sodium hydroxide and n-hydrochloric acid. The 
compound is partly soluble in cold 2—3n- and completely soluble in 4—10n-hydrochloric acid. It is soluble in benzene, 
but insoluble in ligroin and light petroleum. 

4-Chloro-8-aminoquinaldine.—4-Chloro-8-nitroquinaldine (3 g.) was dissolved with warming in alcohol (45 c.c.) in 








416 Nitration of 4-Chloro- and 4-Hydroxy-quinaldine. 


a stout bottle, and Raney nickel catalyst sludge (3—4 c.c.) added. The bottle was evacuated, and hydrogen led in 
with vigorous shaking till absorption (about 1 1.) was complete. The catalyst was filtered off, and the alcoholic solution 
evaporated to dryness; the grey substance obtained crystallised from alcohol as yellow plates (1-5 g.), m. p. 108—110° 
(Found: C, 62-0; H, 4:9. C, 9H,N,Cl requires C, 62-3; H, 4-7%), soluble in benzene, acetone, ether, ligroin or hydro- 
chloric acid, insoluble in water and sodium hydroxide. The compound gives a positive diazo-test. It shows a marked 
blue fluorescence in organic solvents, but none in dilute hydrochloric acid. . 

4 : 8-Dichloroquinaldine.—4-Chloro-8-aminoquinaldine (0-5 g.), water (2-5 c.c.), and concentrated hydrochloric acid 
(1 c.c.) were cooled in a freezing mixture, and a solution of sodium nitrite (0-25 g.) in water (2 c.c.) added slowly with 
stirring. The diazotised solution was added slowly to a suspension of cuprous chloride (from cupric chloride 0-15 g., 
water 0-15 c.c., concentrated hydrochloric acid 0-5 c.c., and copper 0-07 g.). Nitrogen was given off, and the mixture 
was warmed gently to 30° till frothing ceased. On basification and steam-distillation, a white solid was obtained; 
crystallised from light petroleum, this had m. p. 81—82°, mixed m. p. with 4 : 8-dichloroquinaldine (m. p. 84°) prepared 
from o-chloroaniline, 83—84°. Krahler and Burger (Joc. cit.) give m. p. 87°. 

4-Chlovo-5-nitroquinaldine.—The n-hydrochloric acid filtrate from the crude 4-chloro-8-nitroquinaldine was basified 
with sodium hydroxide. The yellow solid obtained (precipitate X) was warmed in n-nitric acid, and the solution 
filtered. The filtrate deposited a sticky orange substance which was dissolved with warming in dilute hydrochloric 
acid. On basification with sodium hydroxide, a precipitate was obtained which crystallised from alcohol as colourless 
prisms, m. p. 111—113°. The mixed m. p. with 4-chloro-8-nitroquinaldine (m. p. 111—113°) was 82—105°, and that 
with the 6-nitro-isomer (m. p. 142°) was 90—105° (Found: N, 12-6. C,H,O,N,Cl requires N, 126%). 4-Chloro-5- 
nitroquinaldine is sparingly soluble in water, soluble in dilute hydrochloric acid, and insoluble in sodium hydroxide. 
It is soluble in benzene and acetone and slightly soluble in ligroin. 

5-Nitro-4-methoxyquinaldine.—4-Chloro-5-nitroquinaldine (0-5 g.) was added to a solution of sodium (0-1 g.) in methyl 
alcohol (5 c.c.), and the mixture heated under reflux on the steam-bath for 1—2 hours. The methyl alcohol was evapor- 
ated off, and the black residue diluted with water. The dark brown product crystallised from alcohol and then from 
ligroin as light brown crystals, more being obtained from the aqueous filtrate on concentration; m. p. 164—165° (Found : 
C, 60-8; H, 4:7. C,,H,9O,N, requires C, 60-5; H, 46%). 

5-A mino-4-hydroxyquinaldine.—5-Nitro-4-methoxyquinaldine (0-1 g.) and 5n-hydrochloric acid (1 c.c.) were heated 
under reflux for an hour, and the red solution evaporated to a third of its volume. Stannous chloride (0-3 g.) was 
added, and the mixture heated at 100° for an hour. The crystalline orange-brown precipitate which separated on 
cooling was filtered off and suspended in hot water. The tin was removed with hydrogen sulphide, and the yellow 
filtrate evaporated to dryness. The bright yellow residual solid was dissolved in a little water, giving a colourless 
solution, and basified with a drop of ammonia. The mixture was evaporated to a small volume, and the grey product 
which separated crystallised from water; m. p. 210—213°, unchanged on admixture with 5-amino-4-hydroxyquinaldine 
(m. p. 210—213°) prepared according to Kermack’and Webster (/oc. cit.). Both samples of the substance when diazotised 
and coupled with £-naphthol gave diazo-compounds of the same red shade. 

4-Chloro-6-nitroquinaldine.—After the removal of the nitrate of 4-chloro-5-nitroquinaldine from the n-nitric acid, 
4-chloro-6-nitroquinaldine separated on standing in crystals, m. p. 140—142°, and mixed m. p. 141—142°. 

8-Nitro-4-methoxyquinaldine.—4-Chloro-8-nitroquinaldine (10 g.) was added to a solution of sodium (2 g.) in methyl 
alcohol (100 c.c.), and the mixture heated under reflux for 1—2 hours. Most of the methyl alcohol was removed by 
distillation and the residue diluted with water. The precipitated solid crystallised from alcohol as long, colourless plates 
(6-75 g.), m. p. 129—130° (Found : C, 60-7; H, 4-2. C,,H,90O,N, requires C, 60-5; H, 4-6%), soluble in benzene, acetone, 
ether, and dilute hydrochloric acid, insoluble in water, sodium hydroxide, and ligroin. d 

8-Nitro-4-hydroxyquinaldine.—(1) 8-Nitro-4-methoxyquinaldine (0-5 g.) and 5n-hydrochloric acid (5 c.c.) were re- 
fluxed for an hour. The solution was evaporated almost to dryness, and on dilution with water an orange solid was 
obtained which was crystallised from alcohol and twice from benzene. The yellow, feathery crystals melted at 224— 
230°. When ammonia was added to the filtrate from the orange solid, some crude 8-nitro-4-methoxyquinaldine was 
recovered unchanged (m. p. 122—126°; mixed m. p. with above none e af 

(2) A sample of precipitate X (above) was crystallised twice from benzene. The chlorine-free, yellow needles 
deposited melted at 224—230°, alone or mixed with the compound obtained in (1) (Found: C, 58-3; H, 4:3. CyH,O;N, 
requires C, 58-8; H, 3-9%). 8-Nitvo-4-hydroxyquinaldine is slightly soluble in water, somewhat more soluble in 
a hydrochloric acid, easily soluble in dilute sodium hydroxide. It is soluble in acetone and ether, insoluble in 

groin. 

8-A mino-4-methoxyquinaldine.—The 8-nitro-compound (6 g.), dissolved in alcohol (90 c.c.), was reduced by hydrogen 
in the presence of Raney nickel catalyst as described above; 1-9 1. of hydrogen were absorbed. The grey crystals 
which separated on removal of the alcohol crystallised from alcohol as pale brown prisms (3 g.), m. p. 115—116°, insoluble 
in water and sodium hydroxide, slightly soluble in dilute hydrochloric acid, soluble in concentrated hydrochloric acid, 
benzene, acetone, and ether. For analysis the compound was converted into the acetyl derivative which formed white 
needles, m. p. 144—146° (Found: C, 67-2; H, 5-9. C43H,,0,N, requires C, 67-8; H, 6-1%), insoluble in cold water, 
slightly soluble on heating; insoluble in sodium hydroxide, soluble in dilute hydrochloric acid, alcohol, and benzene. 


8-A mino-4-hydroxyquinaldine.—8-Nitro-4-hydroxyquinaldine (0-4 g.), stannous chloride (1-5 g.), and concentrated 


hydrochloric acid (5 c.c.) were heated at 100° for an hour. The pale yellow crystals which separated on cooling were 
filtered off and suspended in hot water. The tin was removed with hydrogen sulphide, and the yellow filtrate evaporated 
to dryness. The yellow crystalline residue was dissolved in a little water and basified with ammonia. The precipitate 
recrystallised from water as sheaves of colourless needles which darkened without definite melting at about 270°. This 
compound retained traces of water tenaciously even after drying in a vacuum at 78° (Found: C, 68-0; H, 6-0. CyH ON, 
requires C, 69-0; H, 5-7. CygH,ON,,$H,O requires C, 67:2; H, 5-9%). 

When the compound, dissolved in dilute hydrochloric acid, was treated with excess of sodium nitrite, a white pre- 
cipitate immediately separated; it recrystallised from water as small, colourless needles which darkened somewhat at 
about 250° but did not melt below 400°. This compound, which does not couple with £-naphthol in alkaline solution, 
is evidently 4-keto-1 : 4-dihydroquinaldine-1 : 8-diazoimide (Found: N, 22-2. C,)H,ON, requires N, 22-7%). 

Nitration of 4-Hydroxyquinaldine.—The compound obtained from 4-hydroxyquinaldine and concentrated nitric 
acid, either by boiling (Conrad and Limpach, Joc. cit.) or by heating at 100° for an hour, did not appear to be homo- 
geneous, a small residue being left after extraction in hot water. Both the soluble and the insoluble fraction dissolve 
in ammonia, the former with a yellow and the latter with a red colour. The crude product was heated at 120° with 
phosphorus pentachloride and oxychloride (Conrad and Limpach, Joc. cit.) for an hour. The product obtained on dilu- 
tion with ice was washed with alkali and recrystallised from aqueous alcohol and ligroin, forming a pale yellow solid, 
m. p. 92—93°. Conrad and Limpach give m. p. 93—94° for 4-chloro-3-nitroquinaldine. . 

he nitration of 4-hydroxyquinaldine by concentrated nitric acid in cold sulphuric acid yielded a mononitro-deriv- 
ative which was soluble in sodium hydroxide and ammonia to give an orange solution but appeared rather less soluble 
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in dilute ammonia than Conrad and Limpach’s product. It was readily converted into 4-chloro-6-nitroquinaldine, m. p. 
140—141°, which, when mixed with the 3-nitro-derivative, melted between 75° and 105°. 


We thank the Medical Research Council for a grant to one of us (B. E. H.) which enabled this work to be carried out, 
and also for an expenses grant which defrayed part of the cost of chemicals required. 
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105. The Stereotsomeric ««’-Di-(1-naphthyl)succinic Acids. 
By F. E. Kine and T. HENSHALL. 


The ethyl meso- and dl-aa’-di-(1-naphthyl)succinates, and thence the corresponding acids and their anhydrides, 
have been synthesised from ethyl l-naphthylacetate. Their respective structures may be inferred from the 
resemblance of the stereoisomers to the meso- and di-diphenylsuccinates, which have already been explicitly 
oriented (Wren and Still, J., 1915, 107, 444). The dinaphthyl compounds failed to undergo internal condens- 
ation comparable with the cyclisation of the diphenyl analogues to diphensuccindone. 


It has long been known that the symmetrical diphenylsuccinic acids easily undergo ring closure with form- 
ation of the diketone diphensuccindone (Reimer, Ber., 1881, 14, 1806; Roser, Annalen, 1888, 247, 153). The 
following work on the az«’-di-(1-naphthyl)succinic acids is the outcome of an attempt to prepare, by a some- 
what similar cyclisation involving the carboxyl groups with their respective peri-positions in the naphthalene 
nuclei, a hexacyclic dihydric phenol for oxidation to one of the possible isomers of the dyes anthanthrone and 
the dibenzpyrenequinones. ~ 

The preparation of the dinaphthylsuccinic acids, in the form of their ethyl esters, was accomplished in 
the manner described by Wren and Still (loc. cit., p. 446) for the analogous ethyl diphenylsuccinates, that is, 


_ the oxidative condensation of two molecules of the arylacetic ester by iodine in presence of sodium ethoxide. 


The requisite ester was synthesised from either 1-naphthylmethyl chloride or bromide through the related 
nitrile, a very pure specimen of which was obtained by dehydration of l-naphthylacetamide, and this was 
converted into ethyl 1-naphthylacetate as described by Wislicenus and Elvert (Ber., 1916, 49, 2823). 

The product separating after treatment of an ethereal solution of the naphthylacetic ester with alcohol- 
free sodium ethoxide and iodine contained only one of the stereoisomeric di-(l-naphthyl)succinates, but when 
the ether-soluble residues, much contaminated. with iodinated products, were dissolved in alcohol, further 
small amounts of crystalline solid were sometimes obtained from which a lower-melting di-(1-naphthyl)succinic 
ester was isolated. This corresponds closely to experience in the diphenylsuccinic ester series, for Wren and 
Still, by resolving the low-melting, more soluble product, were able to assign definite configurations to the 
two isomerides. An attempt to do this with the dinaphthylsuccinic esters was unsuccessful, because the 
vitreous strychnine and brucine salts could not be crystallised, but the close resemblance which we have 
found in the properties of the respective isomers of the two series appears to justify the view that the higher- 
melting, less soluble succinic ester—obtained in yields varying with the quality of the sodium ethoxide from 
20 to 40% —is also a meso-compound, while its more soluble isomer is a vacemate. 

Hydrolysis of the meso-ester, with hydrochloric acid under pressure, gave meso-aa’-di-(1-naphthyl)succinic 
acid, whereas under alkaline conditions rearrangement to the isomeric dl-acid occurred. This resembles the 
behaviour of the meso-diphenylsuccinate, and it affords an alternative route to the racemic ester, which is 
formed on esterification in the usual manner. 

Probably because of its general insolubility, the meso-acid is less reactive than its racemic isomer. Thus, 
in preparing the acid anhydrides, prolonged heating with acetyl chloride in a sealed tube was required for 
the meso-compound, whereas the dl-acid reacted with the dehydrating agent boiling under atmospheric pres- 
sure. For this reason, the ring-closure experiments outlined in the experimental section were largely con- 
fined to the racemates. Sulphuric acid, so successful in the preparation of diphensuccindone, apparently leads 
to sulphonation. Other cyclising agents having any action on the dl-acid or its ethyl ester, except thionyl 
chloride which gave an unidentified product, either destroyed the compound or led to the formation of the 
dinaphthylsuccinic anhydride. 

It is possible that the tendency to anhydride formation may be overcome and ring closure favoured by 
using di-(1-naphthyl)fumaric acid in place of the succinic acids. Experiments on its synthesis were only at a 
preliminary stage, in 1939, when the work had to be interrupted. 


EXPERIMENTAL. 


1-Naphthylmethyl Chloride and Bromide.—For the chloride we used Cambron’s modification (Canadian J. Res., 1939, 
17B, 10) of the Blanc synthesis from naphthalene, paraform, and hydrochlori~ acid (Bull. Soc. chim., 1923, 38, 313). 
Since our work was done, the method has been still farther improved | by Fieser and Gates (J. Amer. Chem. Soc., 1940, 
62, 2335) and by Grummit and Buck (ibid., 1943, 65, 295). The first experiments on the dinaphthylsuccinic acids (xing, 
1933), however, started with l-naphthylmethyl bromide, prepared from 1-methylnaphtbalene as described by Mayer 
and nheimer (Ber., 1916, 49, 2137; see also Wislicenus and Elvert, Joc. cit., and Olivier and Wit, Rec. Trav. chim., 
1937, 56, 853), except that bromination at 180° gave a cleaner product and a somewhut better yield. The fraction 
of the extremely fedlryenatety product of b. p. 145—150°/1 mm., yield 35—40%, crystallised from light petroleum in 
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highly refracting rhombic tablets, m. p. 55° (lit., 45—46° to 56°) (Found: C, 43-8; H, 2-7. Calc. forC,,H,Br: C, 44-0; 
H, 2-7%). 

1-Naphthylacetonitrile.—As indicated by Wislicenus and Elvert (loc. cit.), the conversion of naphthylmethyl bromide 
into the nitrile by use of potassium cyanide occurs exothermally, but the yield is lower than when 1l-naphthylmethyl 
chloride is used. The distilled product, usually described as a liquid at ordinary temperatures (cf., however, Briggs 
and Wilson, J., 1941, 500), readily solidified and had m. p. ca. 34°, after softening above 25°. 

When 1-naphthylacetamide (10 g.) (Boessneck, Ber., 1883, 16, 641) was heated under reflux with thionyl chloride 
(15—-20 c.c.), it slowly dissolved (25—30 mins.), and by evaporation l-naphthylacetonitrile, b. p. 192°/18 mm., was 
obtained as a solid, m. p. 35—37° (Found: C, 86-2; H, 5-6. Calc. for C,,H,N: C, 86-2; H, 5-4%). 

Ethyl 1-Naphthylacetate.—Conversion of the nitrile into the ester followed the method of Wislicenus and Elvert 
(loc. cit.) except that absolute ethanol was used to avoid formation of l-naphthylacetamide, obtained when the alcohol 
was not anhydrous. Crude naphthylacetic acid can be converted into the pure ester, b. p. 183°/17 mm., by means of 
thionyl chloride, the resulting acid chloride, b. p. 180°/17 mm., being poured into alcohol (Found: C, 78-0; H, 6-7. 
Calc. for C,,H,,0,: C, 78-5; H, 6-7%). 

Ethyl meso- and dl-aa’-Di-(1-naphthyl)succinates.—A solution of sodium (3 g.) in absolute ethanol (50 c.c.) contained 
in a 3-necked flask was evaporated to dryness and finally heated to 100° under reduced pressure. When the colourless 
residue had been covered with ether (60 c.c.) containing ethyl l-naphthylacetate (25 g.) and broken up by vigorous 
stirring, a solution of iodine (15 g.) in ether (80 c.c.) was slowly introduced (40—50 mins.) while the temperature was 
held at 0°. After several hours at room temperature, the product was shaken with aqueous thiosulphate, and the 
residual solid collected (yields varied from 5-5—9-5 g.). Crystallisation by concentrating a solution in boiling alcohol 
gave ethyl meso-aa’-di-(l-naphthyl)succinate in colourless prisms, m. p. 176° after contracting at 159—160° (Found : 
C, 78-7; H, 6-1. C,gH,,O, requires C, 78-9; H, 6-1%). 

When the ethereal solutions in which this ester had been prepared were evaporated, and the residues dissolved in 
the minimum amount of boiling alcohol, further small quantities of the meso-ester were obtained mixed with the racemic 
ester. The two products were separated by crystallisation from alcohol, and the more soluble dl-ester was finally obtained 
as colourless short prisms, m. p. 144° (Found: C, 79-0; H, 6-1%). Occasionally, evaporation of the reaction solvent 
gave only a dark red syrup yielding no further crystalline products. It contained much iodine, which was liberated on 
attempted high-vacuum distillation, even when the material had been refluxed in alcohol with amalgamated aluminium. 

meso-aa’-Di-(1-naphthyl)succinic Acid.—The meso-ester (2 g.) was heated with concentrated hydrochloric acid 
(10 c.c.) in a sealed tube at 190—200° for 6 hours. The greenish-white product (1-7 g.) was dissolved in warm aqueous 
bicarbonate, and the filtered solution acidified. . The precipitated acid, almost insoluble in the usual solvents, crystallised 
from cyclohexanone or acetophenone diluted with light petroleum in microscopic, colourless needles, m. p. 260—261° 
(efferv.) (Found, after drying at 120°: C, 76-5, 76-4; H, 5-0,5-2. C,,H,,0, requires C, 77-8; H, 48%. C.H,,0,4$H,O 
requires C, 76-0; H, 5-0%). 

The dried acid (1 g.) was heated under reflux for 8 hours with ethyl alcohol (20 c.c.) previously saturated at 0° with 
hydrogen chloride. Water was then added, and the suspension made alkaline with sodium carbonate to remove un- 
a dinaphthylsuccinic acid. Recrystallisation of the residue (0-4 g.) from alcohol gave the meso-ester, m. p. and 
mixed m. p. 176°, 

dl-aa’-Di-(1-naphthyl)succinic Acid.—The ethyl meso-dinaphthylsuccinate (2 g.) was refluxed with a solution of 
potassium hydroxide (1-1 g.) in water (2 c.c.) and alcohol (23 c.c.). Within 10 minutes the ester had dissolved and 
after 20 minutes the solution was diluted with water (25 c.c.), neutralised with concentrated hydrochloric acid (2-5 c.c.), 
and the alcohol evaporated at 100°. The solid (1-8 g.) collected next day was heated with glacial acetic acid to remove 
the sparingly soluble meso-acid (mixed m. p.), and the acetic acid solution diluted with hot water (30—40 c.c.). The 
dl-dinaphthylsuccinic acid separated in colourless needles, m. p., after recrystallisation from aqueous acetic acid, alcohol, 
4 50%). 247° (efferv.) (Found, after drying at 130°: C, 76-2, 76-4; H, 5-1, 5-1. C,,H,,0,$H,O requires C, 76-0; 

» 50%). 

The racemic acid was esterified essentially as for the meso-acid, and the purified ester formed colourless needles, 
m; p. 144° alone or mixed with the more soluble d/-dinaphthylsuccinate isolated from the naphthylacetic ester 
condensation. . : 

meso-aa’-Di-(1-naphthyl)succinic Anhydride.—The meso-acid (2 g.) was heated with acetyl chloride (15 g.) in a sealed 
tube at 100° for 10 hours. Evaporation of the excess reagents under reduced pressure left a gum which was treated 
with boiling benzene. Addition of light petroleum to the filtered liquid gave the meso-anhydride in colourless small 
needles, m. p. 171° (Found: C, 82-0; H, 4-6. C,,H,,O, requires C, 81-8; H, 45%). 4 

dl-aa’-Di-(1-naphthyl)succinic Anhydride.—The racemic acid (1 g.) was heated under reflux on a steam-bath with 
acetyl chloride and slowly passed into solution. The surplus acetyl chloride was evaporated in a desiccator, leaving a 
crystalline product. When recrystallised from benzene—petroleum, the racemic anhydride formed colourless needles, 
m. p. 160—161° (Found: C, 82-0; H, 4-6%). a ' ae. 

Ring-closure Experiments.—The meso-ester dissolved in cold concentrated sulphuric acid, but was nat precipitated 
by water. On the other hand, it was unattacked by the 75—80% acid during 1 hour at 100°. Warm phosphoryl 
chloride dissolved the ester without change, but heating to 100° for 15 minutes and pouring on ice gave a tarry product. 

The dl-acid (2 g.) in boiling moist benzene (50 c.c.) was gradually treated with phosphoric anhydride (5 g.) (cf. 
Robinson and Koebner, J., 1938, 1994) and refluxed for 2 hours. After being poured on ice, the benzene solution was 
dried and evaporated, and gave the racemic anhydride, m. p. 161° (Found: C, 81-4; H, 4.7%). To a solution of the 
dl-acid (2 g.) in warm syrupy phosphoric acid, phosphoric anhydride (15 g.) was added. After stirring for 1 hour, 
addition of ice gave a benzene-insoluble product which crystallised from acetic acid and was identified as the original 
dinaphthylsuccinic acid. A mixture of the acid (2 g.), anhydrous stannic chloride (15 g.), and benzene (20 c.c.) was 
heated at 100° for an hour. Pouring on ice precipitated unchanged acid, and nothing was found in the benzene layer. 

Thionyl chloride was without appreciable action on the meso-acid, but di-di-(l-naphthyl)succinic acid (1 g.) dis- 
solved in refluxing thionyl chloride (4 c.c.) in 25 minutes. The product remaining on evaporation was ground with 
water until the washings were chloride-free. Two crystallisations from acetic acid .gave lemon-yellow tablets, m. p 
165—167° (Found: C, 79-9, 79-4; H, 4-2,4-5%; Cl,a trace). The compound dissolved in boiling alcohol, but the colour- 
Py 4%) which separated on cooling appeared to be d/-dinaphthylsuccinic acid, m. p. ca. 235° (efferv.) (Found : C, 76-9; 

. 5-4 h)- 


Dyson PEerrins LABORATORY, OXFORD. ‘ [Received, January 16th, 1945.] 
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106. Absorption Spectra of Acridines. Part I. Some Aminoacridines. 
By D. P. Craic and L. N. SHort. 


The outstanding antiseptic properties of certain acridines have stimulated efforts to relate their physical 

ate pe to their biological action. Albert and his collaborators have synthesised many such compounds and 

ave examined particularly the mono- and di-aminoacridines, which are the most active antiseptic agents. In 

the hope that further light might be shed on the structure of these compounds, their absorption spectra have 

been examined in the visible and the ultra-violet region. The results confirm the observation that the ring 

nitrogen atom is the most basic nitrogen in the compounds examined and suggest that imine forms are not 
present in significant amount under the conditions studied. 


PREVIOUS spectrographic work in the acridine series by Charlampowiczowna and Marchlewski (Bull. Acad. 
Polonaise, 1930, A, 376), Radulescu and Ostrogovitch (Ber., 1931, 64, 2233), Dima and Pogangeanu (Bull. 
Sect. Sci. Acad. Roumanie, 1938, 21, 38), and others has shown that the absorption of acridine in the ultra- 


Ultra-violet absorption of acridines in dioxan. 
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violet is almost exactly the same as that of anthracene and phenazine, indicating that the behaviour of nitrogen 
in the resonating ring system is spectrographically similar to that of -CH=. It will be seen that the same 
feature is evident in the very similar spectra of 5-aminoacridine and 9-aminoanthracene, in which the amino- 
groups are similarly situated (see Fig. 4). é 

Previous studies have shown that the ultra-violet absorption spectra of benzene, naphthalene, and anthra- 
cene are very similar to those of pyridine, quinoline, and acridine, respectively. It is to be expected, there- 
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fore, that the effect of introducing an amino-group into the acridine nucleus will depend on the position of 
this group with regard to the 5- and the 10-position in the nucleus; ¢.g., a l-amino-group bears the same 
relation to the 10-position as a 4-amino-group does to the 5-position, so 1- and 4-aminoacridine should be of 2 


spectrographically equivalent. A similar argument requires equivalence between 2- and 3-aminoacridines, The 
Figs. 2 and 3 show that the absorption spectra have the expected identity in the spectral region examined. the 

The spectrum of 5-aminoacridine shows marked differences from those of its isomerides. However, it is ( 
practically identical with that of 9-aminoanthracene, a fact in keeping with the similar spectrographic behaviour mhay 
of -CH= and —N= in a resonating system. poin 


A problem of great interest was to determine whether the ring nitrogen or the amino-nitrogen atom accepted 
the first proton during salt formation, and the curves (Figs. 5—7) of the visible range show the important 
spectral changes which occur in the monosubstituted compounds as they are converted into the mono- and 
di-acid bases. ) 

Visible absorption spectra of monoaminoacridines.* 
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Fic. 7.—In 5n-hydrochloric acid. : 
Fic. 8.—I = Monobasic ion of 2 : 5-diaminoacridine in water. Il = Acridinium ton in 5n-hydrochloric acid. 





Electrometric studies (Albert and Goldacre, J., 1943, 454) show that at pH 3 the isomerides exist as mono- 
basic ions. The spectra in Fig. 6 show that the visible absorption band of all except 5-aminoacridine has 
moved toward longer wave-lengths as compared with the undissociated bases shown in Fig. 5. Now the 
conversion of ~NH, into ~-NH,® removes the possibility of interaction between the nitrogen atom and the 
ring structure, so if the first proton had gone to this nitrogen we should have expected a reversion to the 
acridine spectrum. No such reversion is to be seen in the monobasic ions, and it is concluded that the ring 
nitrogen accepts the first proton and is therefore the more basic. However, at a lower pH value those isomerides 
(i.e., all except the 5-isomeride) which form dihydrochlorides must undergo the -NH, to ~-NH,® change and 


should revert to the acridinium ion spectrum. This is shown in Fig. 7, in which there is seen to be a marked hov 
shift of the absorption maxima toward shorter wave-lengths. of ¢ 
The spectrum of 5-aminoacridine stands apart from those of the other isomerides. There is practically a 


no change throughout the range of attainable pH values, and there is certainly no suggestion of a reversion 
* In Figs. 5, 6, and 7, curves I, II, III,!IV, and V relate respectively to 1-, 2-, 3-, 4-, and 5-aminoacridine, 
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to the acridinium ion spectrum. It seems clear that at no time is the amino-group in this compound converted 
into -NH,®, a conclusion reached also from electrometric studies (Albert and Goldacre, loc. cit.). The spectrum 
of 2-aminoacridine shows clearly that in 5n-hydrochloric acid there is partial formation of a dihydrochloride, 
The curve for the 2-compound in Fig. 7 is that appropriate to a mixture of the monobasic ion (Fig. 6) and 
the acridiaium ion to which the dihydrochloride would tend. 

Chemical evidence (Albert and Ritchie, J., 1943, 458) suggests that the imino-form of 5-aminoacridine 
thay play a part in certain reactions of that compound. The spectrographic evidence is inconclusive on the 
point, but it is noteworthy that the strong similarity between the absorptions of 5-aminoacridine and of 9-amino- 
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Fic. 9.—I = Monobasic ioneof 2 : 6-diaminoacridine in water. Il = Acridinium ion in 5n-hydrochloric acid. 
Fic. 10.—I = Monobasic ion of 2 : 1-diaminoacridine in water. Il = Acridinium ion in 5n-hydrochloric acid. 
Fic. 11.—I = Monobasic ion of 2 : 8-diaminoacridine in water. II = Acridinium ion in 5n-hydrochloric acid. 
Fic. 12.—I = 2-Amino-10-methylacridinium ion in water. Il = Acridinium ion in 5n-hydrochloric acid. 


anthracene suggests that the imine form plays an insignificant part under the conditions of the comparison. 
The possibility that 9-aminoanthracene is itself more correctly formulated as the imine of anthrone cannot, 
however, be entirely ruled out. 

It was thought that 2-aminoacridine also might exist in the imine form, but this seems unlikely in view 
of the spectral evidence (Fig. 3) that its absorption is almost identical with that of the 3-isomeride, which 
cannot be formulated analogously. 

The effect of adding a second amino-group to the 2-aminoacridinium ion is seen in Figs. 8—11; for purpose 
of comparison the absorption of 2-amino-10-methylacridinium chloride is shown in Fig. 12. 
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Experimental.—The ultra-violet absorption spectra were determined by means of a Hilger spectrograph and a Hilger 
rotating sector spectrophotometer. The light source was a condensed iron spark. The visible spectra were examined 
by using a Hilger—Nutting absorption spectrophotometer with a ‘‘ Pointolite ’ light source. 

The selection of dioxan as solvent for the spectra of free bases in neutral solution was suggested by the requirements 
of ultra-violet transparency, low dielectric constant, and non-hydroxylic nature. The dioxan was rendered acid-free 
immediately before use. 

The visible spectra were obtained from aqueous solutions buffered to the required pH values as follows: pH 3. 
Potassium hydrogen phthalate and hydrochloric acid in 67% methyl alcohol—read pH 3 against glass electrode (uncor- 
rected for effect of alcohol). pH11l. Alkaline phosphate buffer in 30% methyl alcohol. 

The characteristics of the absorption spectra are shown in the table. 


Substance. ) a log Emax. Ana, log max.- Asse. Ax log €max.. Inflexion at 
ee at 2520 5-24 3470 3-90 — 
1-Aminoacridine ............... 2790 4-55 3600 3-15 4340 
2-Aminoacridine _ ..........+.+0. 2680 4-80 3450 3-60 4180 
3-Aminoacridine ..............-+- 2670 4-90 3450 3-60 4140 
4-Aminoacridine .............+.. 2740 4-60 3600 3°25 4290 
5-Aminoacridine _............... 2660 4-88 3900 3°85 —_— 
9-Aminoanthracene ............ 2690 4-88 4050 3-55 — — 
2 : 5-Diaminoacridine ion 2550 4-80 3600 4:15 — 2850, 4100 a. 
2 : 6-Diaminoacridine ion 2750 4-62 — —_ 4300 . 4000 a. 
2 : 7-Diaminoacridine ion 2850 4-80 3450 3-90 4850 : — 
2 : 8-Diaminoacridine ion 2600 4e70 —_— — 4450 . 3500 a. 
2-Aminoacridine N-metho- 


bromide 2760 4-60 3700 4-12 4650 . _—_ 


We thank Dr. A. Albert for suggesting the work, for making available the materials, and for much helpful advice 
throughout, also Mr. D. P. Mellor for his interest in this investigation. 
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Reactions in Monolayers. 


THE LIVERSIDGE LECTURE, DELIVERED BEFORE THE CHEMICAL SOCIETY IN LONDON ON MaARcH 15TH, 19465, 
AND IN MANCHESTER ON MARCH 22ND, 1945. 


By E. K. Rea, M.B.E., M.A., D.Sc., F.R.S. 


It is scarcely necessary to dilate on the significance of the contributions which Devaux, Sir W. Hardy, and 
Irving Langmuir have made to our knowledge of the structure of matter in the boundary state. The concept 
of the orientated monolayer has proved most suggestive and stimulating. Asa result a vast corpus of inform- 
ation is now available as to the molecular orientation, the physical properties of the two-dimensional phases, 
and phase changes in such systems. "We must, however, observe that the accumulation of knowledge on the 
chemical behaviour of matter in this state of molecular orientation has not proceeded so rapidly. Yet it is 
one of peculiar interest not only because it provides a method of examining how far co-operative processes can 
play a part in affecting the relatively short-range forces associated with chemical action, but also because it 
seems highly probable that reactions at and with such interfaces play an important part in biological processes, 
since not only can the monolayer be regarded as a definite level albeit perhaps a low one of organisation, but it 
is equally certain that interphases play a large if not a predominant réle in living matter. It would thus appear 
to be a matter of more than transitory interest to examine such reactions in some detail. 
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Although the quantities of matter involved in these surface reactions are relatively small, being of the order 
of only one mg. per square metre, yet the methods of following the chemical change are very sensitive. In 
general, we may utilise the change in the two-dimensional or surface pressure x as measured in a Langmuir 
trough, or preferably, since it is the polar portions of the molecules which are involved in chemical action, we 
can utilise the change in phase boundary potential AV caused by the reaction. The mA and AV -m character- 
istics of a monolayer provide us with a great deal of information respecting the non-polar and polar portions 
of the molecules, respectively. 

In studying such reactions our interest is naturally focused on examining what differences are to be observed 
between reactions proceeding in the bulk phase and those taking place in an orientated monolayer. Again, 
the monolayer is capable of being expanded or compressed and thus the molecular orientation, and in many 
cases, the physical state, is capable of being altered at will. How do these factors affect the reaction velocity ? 
And if the reaction velocity is affected, we must enquire how far this is due to an alteration in the energy of 
activation or the entropy and the steric factor in the reaction. During the last fifteen years we have had 
occasion to examine a number of these surface reactions, and it has been found that both the energy term and 
the steric factor can be controlled. This is not the time or place to give a detailed account of these investig- 
ations, but we will examine a few typical ones. 

If a monolayer of a long-chain lactone, ester or glyceride is thrown upon the surface of a solution of sodium 
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hydroxide, the film undergoes hydrolysis and the rate of transformation into the acid ion can be followed con- 
veniently. In Fig. 1 is shown the reaction velocity constant for the hydrolysis of y-stearolactone at a constant 
lactone concentration of 4 x 10'* mols./cm.* at 25° as a function of the concentration of sodium hydroxide in 
the substrate; in Fig. 2 the log of the velocity coefficient against the reciprocal of the temperature for 
n = 3:35 x 10 mols./cm.?, yielding an apparent energy of activation of 12,000 cals./g.-mol. or a true energy 
of activation, when the viscosity of the constant substrate is considered, of 17,100 cals./g.-mol.; and in Fig. 3 
the rate as a function of the molecular area. 

It will be noted that, in agreement with bulk reaction, the reaction velocity is proportional to the con- 
centration of alkali, and that the energy of activation is similar to that obtaining in bulk solution. We note, 
however, that over a 50% increase in the velocity constant is obtained if we allow the condensed film to expand. 
The reverse reaction, viz., the lactonisation of monolayers of hydroxy-fatty acids on acid substrates has been 
followed more recently by this: monolayer technique by K6gl and Howinja, and similar alterations in speed 
obtained. 

Further examination has shown that the alteration in rate of reaction produced by compression of the 
monolayer can affect both the steric term and the energy of activation. In the following table are the data 
for the hydrolysis of trilaurin on N/5-sodium hydroxide at 20°. 


Surface pressure. Steric factor, P, calculated 
dynes/cm. E, cals./g.-mol. k, sec.1 x 10°. from Herz—Knudsen expression. 
10,000 0-745 1-1 x 10°* 
13,200 0-787 3-1 x 10° 
15,100 0-671 4-1 x 107 


Likewise, if.we examine the rates of hydrolysis of a series of esters some remarkable differences are found 
in the velocity constants. Some of these are given in the following table. 


Ester. Type of film. a, dynes/cm. k, min.“, at 21°. 
3 


‘ Liquid expanded 0-040 
Ethyl palmitate eee cccccccccceccce {Condens . 0-005 
Methyl stearate ... Condensed 0-021 


Liquid expanded 0-006 

Ethyl stearate  .........seeeeeeee {Condensed . 0-005 

: iquid expanded 0-042 

#-Buty! palmitate Condensed 0-023 
Cetyl palmitate .................. Condensed , . 0-18 
Octadecyl acetate ............... Condensed 0-15 

Cetyl propionate ................ Liquid expanded 0-084 

Methyl propionate ................ Condensed 0-021 


These relatively large changes in velocity of hydrolysis of the ester linkage can be associated with changes 
in the orientation of this.group in the substrate surface. The path by which the hydroxy] ion in the solution 


ad 


os 


on 
compression A 
heh 


= 193 millidebyes. Hors. = 502 millidebyes. 
= 198 - Peale. = 525 - 

= 20 a.. A =23a.3. 

= 0-005 min.-}. = 0-15 min.-. 


fobs. = 535-millidebyes. Hobe. 
Peaic. = 525 ” calc. 
A =724a.°5. A 
k = 0-04 min.“}, k 





Hors. =.506 millidebyes. Hors. = 334 millidebyes 
Peale. = 525 0 Peale. = 329 ea 
A = 65a,.'. A =21a.3. 

Rk = 0-084 min.-. k 0-021 min. 











nd 


ges 


ion 





[1945] Rideal: Reactions in Monolayers. 425 


can approach and react with the group is thus the determining factor in affecting the velocity and, as we have 
seen, is revealed in both the energy term and the steric factor. 

In the foregoing table are given diagrammatic representations of these orientations for various esters, 
together with the velocity constants of hydrolysis and the apparent dipole moment observed and that calculated 
on the basis of J. J. Thomson and Eucken’s principle of vectorial summation. 

We can see how the shielding of the ester group can be brought about by a short hydrocarbon chain when 
immersed below the surface. Similar orientation can of course take place not only at an air—water interface, 
but also at an oil—water interface, and since the esters are relatively insoluble in water, we might anticipate 
that the velocities of lipoclastic action of pancreatin on emulsions of the esters would show similar differences 
in velocity. This is actually found to be the case. For instance, ethyl butyrate and amyl propionate undergo 
hydrolysis respectively some 9 and 14 times more rapidly than the valerate. Complete protection is afforded 
by the benzoate group. The velocity of lipoclastic hydrolysis with pancreatin of a series of emulsified esters 
is given in the following table. 


Ester. k. Ester. k. 


Ethyl butyrate .........ceccceceeceeees 275 Benzyl propionate...........ss00e000. 225 
eo | ee GG1 BOMBORGS 6.0. 000 000 c0sccc ccc cceses 0 
DGS UC: os80000cs08sesscecceee 80 ASR DOMRIOEE 00 cis cdesss cee scecssece 0 
Butyl propionate ..................... 140 , Atty] acetate no. ccccccccvcsoccccce cee 75 
Amiyl propionate — .......00cccscecceces 140 BTRYE ROMORGS occcce ccsceccdvcscccccce 20 


The oxidation of monolayers of unsaturated, acids likewise reveals several interesting results. The bulk 
oxidation of erucic and brassidic acids yields two dihydroxy-isomers. If these acids are spread upon dilute 
acid permanganate (ca. 0-005%), the films are observed to expand as the double bond is converted into the 
dihydroxy-derivative. It is evident that on compression of the films the accessibility of the double bond in 
the chain to the underlying oxidising substrate is diminished, and it is also clear that as far as this accessibility 
is reduced as the chains are brought into closer contact and adlineation by lateral compression, the trans-acid, 
i.e., brassidic acid, will suffer the greater diminution in reaction velocity. This is clearly evident from the 
curves in Fig. 4. The compressed solid brassidic acid film at a compression of 8 dynes/mm. hardly undergoes 
oxidation at all. It is interesting to note that apparently both these acids yield the same oxidation product, 
the cis-dihydroxy-acid, when oxidised in the form of monolayers, apparently a case for directive oxidation. 

The method is likewise applicable to the study of relatively rapid reactions; for instance, Alexander 
examined the reaction times of a film of p-hexadecylphenol in contact with solutions containing either a 
hypohalous acid, free halogen, or trihalide ions. Reactions with a half-life of as little as 40 seconds could be 
followed satisfactorily. In a similar manner Nasini and Mattei have followed the halogenation of long-chain 
unsaturated compounds by iodige chloride. 

I have mentioned cases of ester hydrolysis and oxidation as typical of a great variety of surface chemical 
reactions. All exhibit similar characteristics in that, when a surface film undergoes reaction with a reactant 
in the substrate, we have some measure of control, by orientation of the surface molecules, of the path of 
approach of the diffusible reactant. Alteration of this path of approach implies an alteration in the energy 
of activation as well as in the steric factor. These alterations are directly reflected in a change in reaction 
velocity. Another field of enquiry has led to interesting results in connection with these surface reactions. 
It is well known that ultra-violet erythema is due to the photochemical liberation after localised ultra-violet 
irradiation of the skin of a colloid, the H colloid of low diffusibility. The diffusion rate of the H colloid and 
the photochemical threshold of erythemic response suggest that the H colloid is derived from the photochemical 
decomposition of a protein. Further, we may observe that in the natural proteins only certain amino-acid 
groups, viz., those containing the chromophoric aromatic groups derived from tyrosine, phenylalanine, and 
tryptophan, are responsible for light absorption (threshold 4 = 24004.). In order to gain some insight into 
the photochemical reaction involved, monolayers of stearylanilide containing the -CO-NH linkage and the 
chromophoric benzene ring were illuminated with light of the wave-band 2350—2400 a. It was found that a 
hydrolytic reaction occurred resulting in the formation of a monolayer of stearic acid and aniline dissolving in 
the substrate. The quantum efficiency of this photochemical surface reaction is greatly dependent on the 
orientation of the benzene ring with respect to the incident light, as is revealed in the following table. 


Molecular area, A.? — ...seessccssseeereces 276 28 28-5 30 31 . 32 33 
Apparent quantum efficiency @ ...... 0-5 0-4 0-2 0-16 0-10 0-04 0 


By examination of the change in phase boundary potential on illumination of monolayers of egg albumen, 
it was concluded that some 8-2% of the total number of —CO-NH groups in the monolayer were split by 
hydrolysis. This is indeed very close to the numerical proportion of aromatic amino-acid residues present in 
this protein (7%). The molecular lengths of the proteoses formed by this process of photochemical 
fragmentation which would locate the position of these chromophoric groups in the main chain awaits 
fuller investigation. The preliminary results of an essentially similar investigation have been published by 
Carpenter in the U.S.A. Part of the residues liberated in this process undergo oxidative changes; thus the 
glycyltyrosine fraction is eventually converted into a melanin-like pigment. We thus observe that a whole 
series of hydrolytic and oxidative changes, including indole ring closure, can be brought about by suitable 
radiation. In this case we are dealing with the excitation of chromophores which are part of the natural struc- 
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ture of the proteins. It is possible to incorporate alien chromophores into the protein and bring about similar 
photochemical reactions. 

We shall have occasion to discuss the mechanism of this process of incorporation in more detail later, but 
for the present we observe, for example, that the injection of traces of a copper salt or of hematoporphyrin 
under a protein monolayer will sensitise the monolayer to reaction in visible light, and phenols will sensitise 
the monolayer to the near ultra-violet radiation. It is of interest to note in this connection that a variety of 
phenols are readily adsorbed by the proteins in the cell walls of parameecia, which are thus rendered sensitive 
to ultra-violet radiation and rapidly destroyed. 

This process of incorporation of alien chromophores in the macromolecular protein monolayer is only one 
example of a reaction very common in orientated monolayers. Ifa dilute solution of a reactant is introduced 
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beneath a monolayer, reactions can be detected by a change in the phase boundary potential. The reaction 
need not necessarily be one such as hydrolysis in which a chemical change in the nature of the polar group is 
involved, but may consist in molecular association between the molecules of the monolayer and those injected. 
Where these molecular associations or complexes are formed by interaction of polar groups, we find that this 
associating mechanism can be interpreted in general as a hydrogen bonding. 

If the injected molecules possess non-polar portions, these may penetrate up into the monolayer and interact 
with its non-polar portions. Here the van der Waals forces of two-dimensional solution are involved, but for 
non-polar portions of symmetrical form, two-dimensional cybotaxis or molecular adlineation likewise occurs, 
The result of this process of penetration is an expansion or an increase in pressure of the two-dimensional film. 
and since the polar group interaction is stoicheiometric, we obtain a two-dimensional pattern or ordered system. 
These two-dimensional complexes are only stable below certain limiting pressures, and in general one’ com- 
ponent can be ejected by increasing the pressure on the film. In Fig. 5 is shown the effect of injecting 4 
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3-3 x 10-*% sodium cetyl sulphate solution at pH 7-2 beneath various monolayers maintained at constant area 
and originally at 10 dynes/cm. pressure. The specific nature of the complex formation will be noted. Several 
biologically active substances exhibit remarkable power in penetration; ¢.g., saponins and digitonin when 
present to the extent of only a few parts per million penetrate films of cholesterol with great rapidity. The 
specificity is most marked, since with cholesterol the surface pressure rises by some 50 dynes/cm., but scarcely 
any effect is noted with cholesterol acetate or with calciferol. We may note that sodium cetyl sulphate 
hzmolyses blood cells with great ease, but its hemolytic activity is removed by the addition of cholesterol. 
Several significant results are obtained on the injection of substances beneath monolayers of a protein. 
We may take as examples, saponin, long-chain fatty acids, and cholesterol. In the first case there is but 
little interaction; it might be suggested that, since saponin reacts readily with monolayers of long-chain 
alcohols and cholesterol but not with protein monolayers, its lytic properties are due to its interaction with the 
lipoid and especially the cholesterol portions of the cell wall. Long-chain fatty acids on injection under a 
protein form a lipo-protein complex by penetration of the acid into the protein monolayer. On addition of 
more of the soap (pH 7-2), the lipo-protein monolayer is displaced or is ‘‘ deterged ” from the surface by a soap 
monolayer and enters into the bulk phase as a lipo-protein complex. This effect is more emphasised the longer 
the chain of the acid. Thus a limit is set to the biological activity of a homologous series owing to the fact 
that the surface complex can be displaced or ‘‘ deterged ’’ from the surface if the capillary activity of the drug 
forming the penetration complex is great enough to displace the complex from the surface and bring it into 
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solution. This phenomenon, Schulman and I found to occur in the case of the 4 : 4’-dihydroxydipropylstilbene 
compound when injected under proteins. The injection of cholesterol beneath a protein monolayer results in 
the penetration of the protein by the cholesterol to make a lipo-protein complex. On compression of the film 
the cholesterol is pushed up and the protein pushed down into the aqueous phase. Eventually we obtain a 
film of cholesterol. The importance of these surface complexes may be illustrated from some experiments of 
Alexander and Trim on the penetration of hexylresorcinol into Ascaris, and the effect of adding a long-chain 
ion which forms a two-dimensional complex with the vermicide. In Fig. 6 (HR =hexylresorcinol; IT =inter- 
facial tension) we note how the apparent toxicity increases as the surface concentration of the complex, as 
measured by the lowering of an oil—water interfacial tension, increases. On addition of excess of the carrier, 
the biological activity falls as micelle formation of the soap in the bulk phase commences; this micelle contains 
some hexylresorcinol and its toxic effect is consequently impaired. 

A somewhat different aspect of this ‘‘ complex ’’ penetration mechanism is to be found in processes of sens- 
itisation. For instance, several micro-organisms can be sensitised for lysis by cholesterol penetrants by a prior 
treatment of the bacteria with cholesterol which is adsorbed. Another reaction of this type is described by 
Peters and Wakelin, who found that the complex ovoverdin, which contains both a protein and astacin, could 
be split to form a lipo-protein containing soap by the addition of small amounts of long-chain fatty acids, the 
astacin being displaced and set free. On the addition of calcium ions the process is reversed. They likewise 
draw attention to the fact that it seems probable that the co-enzymes in an oxidase system may be separated 
from the enzyme by the formation of such a lipo-protein complex. 

In a somewhat brief investigation of the blood coagulants heparin and the synthetic sulphate celluloses, 
we found that their biological activities ran parallel to the readiness with which these substances penetrated 
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films of cholesterol, suggesting that their mechanism of operation consists in forming a heparin-cholestero] 
complex from the cholesterol-cephalin complex present, setting the latter free. We have already referred to 
the fact that, in addition to the class of substances which react with and penetrate monolayers and possess a 
certain specificity in these reactions due to specific head-group interaction on the one hand, and also the adline- 
ation in which the dispersive forces or van der Waals interactions are involved of the hydrophobic portions, 
there exists a class in which only the polar head groups interact and the malecules are anchored to the base 
of the monolayer but do not penetrate it. This adsorption is accompanied by a change in the phase boundary 
potential and in the rigidity or viscosity of the film. Examination of various films revealed interesting changes 
in properties when the free amino-groups in protein monolayers were brought into reaction with phenolic groups 
by injection of various types of phenols under the monolayer. Gallic acid reacts but slowly with a protein 
monolayer, but tannic acid, even in very dilute solutions, reacts rapidly. This tanned monolayer is no longer 
elastic and behaves more like a pellicle or skin. Injection of protein dispersing agents, such as sodium oleate 
to which we have referred above, no longer affects these skins. We must suppose that the tannic acid is 
attached by more than one hydroxyl group to the amino-groups of the protein and thus links the system 
together by multipoint contact. The 4 : 4’-dihydroxystilbenes behave in a similar manner, but with increasing 
length of aliphatic chain, protein dispersion can be obtained. Substances which are adsorbed on protein 
monolayers in this way are found to be those which agglutinate red blood cells and likewise kill parameecia 
without cytolysis. 

Certain dyes like Janus-green are found to be slowly adsorbed on protein monolayers when weak con- 
centrations are employed. On increasing the dye concentration, the surface pressure of the monolayer com- 
mences to increase and the dye behaves like a weak penetrating agent. Here again the film behaviour is 


reflected in the transition from an agglutinating to a hemolysing behaviour, and we note how sensitising agents 
can act. 
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Neuberger: The Stereochemistry of Hydroxyproline. 


107. The Stereochemistry of Hydroxyproline. 
By A. NEUBERGER. 


|-(—)Hydroxyproline (I) was converted into its O-methyl derivative, which was oxidised to d- (-+)methoxy- 
succinic acid. The absolute configurations of both asymmetric carbon atoms in /-(—)- and d-(-++-)-hydroxyproline 
are now established. The configuration of C, in (I) has been inverted through saponification of the O-toluene- 
sulphony! ester, and /-(—)a/lohydroxyproline (VIII) thus produced. This transformation permits absolute con- 
figurations to be also assigned to both asymmetric carbon atoms of allohydroxyproline. 









HypROXYPROLINE was first isolated from gelatin by Fischer (Ber., 1902, 35, 2660) and later from several other 
proteins. Fischer showed that the new imino-acid was structurally related to proline by reducing it thereto 
with hydriodic acid and phosphorus in a sealed tube. Under these drastic conditions only racemic proline 
was obtained and a configurative relationship between the two compounds could therefore not be established. 
The position of the hydroxyl group was ascertained by Leuchs and Brewster (Ber., 1913, 46, 986), who resolved 
one of the two racemic 4-hydroxyprolines prepared earlier by Leuchs (Ber., 1905, 38, 1907); these authors 
showed that the levorotatory isomeride was identical with the imino-acid obtained by Fischer from proteins. 
The second racemic product, which was called ‘“‘ oxy-proline b’’ by Leuchs but may be more conveniently 
named allohydroxyproline, was also resolved by Leuchs and Bormann (Ber., 1919, 52, 2086) and thus all the 
four optically active and the two racemic forms of 4-hydroxyproline have been synthesised. 4-alloHydroxy- 
proline was recently isolated from phalloidine, the highly toxic peptide obtained from Amanita phalloides 
(Wieland and Witkop, Amnalen, 1940, 548, 171), though it appears to be absent from proteins. 

It is believed that all amino-acids obtained from proteins have the same absolute configuration on the carbon 
atom carrying the amino- or imino-group and that this configuration is identical with that of /-(+-)lactic acid 
or l-(—)glycerose. The first statement is based on the many chemical transformations which have been 
performed between different optically active amino-acids through reactions not involving the asymmetric 
carbon atom, and also on the fact that changes in rotation occurring on ionisation (Lutz and Jirgensons, Ber., 
1930, 68, 448), acylation, and esterification (Clough, J., 1918, 113, 526) are in the same direction for all amino- 
or imino-acids isolated from proteins. The relationship to lactic acid is based on a similar comparison of 
rotational displacements brought about by different substituents in alanine and lactic acid (Freudenberg and 
Rhino, Ber., 1924, 57, 1547; Freudenberg and Meister, Annalen, 1935, 518, 86). (—)Proline and (—)hydroxy- 
proline are configuratively related, as shown by Kaneko (J. Chem. Soc. Japan, 1940, 61, 207; Chem. Abstr., 
1943, 37, 117), who converted (I) into 4-chloroproline, which could be reduced to (—)proline. That both these 
levorotatory imino-acids are also stereochemically related to the /-amino-acids found in proteins follows from 
a number of observations. For instance, d-amino-acid oxidase, which is known to be stereochemically specific, 
attacks only (+)proline (Krebs, Enzymologia, 1939, 7, 53), whereas the /-amino-acid oxidase from Proteus 
vulgaris (Stumpf and Green, J. Biol. Chem., 1944, 153, 387) and a similar enzyme present in animal tissue 
oxidise -(—)proline only (Blanchard, Green, Nocito, and Ratner, ibid., 155, 421). Also, the changes in 
rotation which occur on addition of acid and alkali to (I) and (—)proline are analogous to those observed with 
other /-amino-acids (Lutz and Jirgensons, Ber., 1931, 64, 1221). Moreover, Kaneko (loc. cit.) claimed to have 
oxidised /-(—)hydroxy-N-acetylproline to /-(+)aspartic acid, an observation which could not, however, be 
repeated in this laboratory. 

The configuration of C, in (I) is still doubtful. Kaneko (loc. cit.) oxidised 4-chloroproline obtained from 
(I) to (—)chlorosuccinic acid, which is assumed to have the /-configuration (Freudenberg and Luchs, Ber., 
1928, 61, 1083; Kuhn and Wagner-Jauregg, ibid., p. 508). Kaneko assumed that a Walden inversion had 
taken place during the treatment of (I) with phosphorus pentachloride and that C, had a d-configuration. 
The supposition that replacement of a secondary alcoholic hydroxyl group by chlorine through treatment with 
phosphorus pentachloride invariably involves an inversion of configuration is unwarranted, as the varying 
results found with thionyl chloride indicate. Whether or not inversion is associated with chlorination will 
depend on the mechanism or kinetics of the reaction (Cowdrey, Hughes, Ingold, Masterman, and Scott, 5. 
1937, 1252). 

In the work now described the d-configuration of C, in (I) is shown by a series of reactions not involving 
this asymmetric carbon atom and therefore not likely to cause inversion. (I) was acetylated on the imino- 
group by Kolb and Toennies’s method (J. Biol. Chem., 1942, 144, 193) to yield /-(—)hydroxy-N-acetylproline 
(II); this compound was methylated as described by Synge (Biochem. J., 1939, 38,.1931) and 1-(—)hydroxy- 
N-acetyl-O-methylproline methyl ester obtained. This ester was hydrolysed first with alkali and then with acid 
to yield 4-methoxyproline (IV), which resembles proline im its general properties. This was oxidised with 


permanganate to d-(+-)methoxysuccinic acid, which was converted successively into the dimethyl ester and 
diamide (V). , 
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The diamide (V) has a specific rotation equal in magnitude but opposite in sign to that reported {, 
(—)methoxysuccinamide (McKenzie and Smith, J., 1922, 121, 1348) obtained from (—)malic acid. Ty 
identity of (V) was further demonstrated by preparing the levorotatory amide from natural (—)malic acig 
and crystallising equal quantities of this and the dextrorotatory compound from alcohol. An optically ip. 
active compound of m. p. 177° was obtained. Purdie and Marshall (J., 1891, 59, 470) give m. p. 175°. Nov, 
(—)malic acid has been shown by Freudenberg and Brauns (Ber., 1922, 55, 1339) to have the /-configuratioy, 
It follows, therefore, that the asymmetric carbon atoms in (V) and C, in /-(—)hydroxyproline have the d-cop. 
figuration. d-(+)Hydroxyproline must have the d-configuration at C, and the /- at C,. 

' The configuration of the two asymmetric centres in allohydroxyproline was ascertained in the following 
manner. The N-acetyl derivative (II) was methylated with diazomethane, and the resulting ester treatej 
with toluene-p-sulphonyl chloride and pyridine to give 1-(—)hydroxy-N-acetyl-O-toluene-p-sulphonyiprolin 
methyl ester (VI; R= Me). The methoxyl group was removed by saponification with 1 equiv. of sodiuy 
hydroxide in the cold and the free acid (VI; R = H) was obtained; this acid on 20 mins.’ heating with 2 equivs, 
of alkali at 100° gave an acetimino-acid (VII) which differed from (II) by its m. p., specific rotation, and the fact 
that it crystallised in the anhydrous state. On boiling with dilute acid (—)allohydroxyproline (VIII) was 
obtained ; its specific rotation was identical with that of the compound isolated by Wieland and Witkop (loc, 
cit.) from phalloidine and also with that found by Leuchs and Bormann (loc. cit.) for one of the two isomerides 
obtained by resolution. It appears, therefore, that in one of these reactions an inversion of one of two asym. 
metric centres has taken place. It cannot have occurred in the acetylation and sulphonation, since thes 
reactions do not involve the asymmetric centres and have never been shown in analogous cases to involve 
inversion ; also the last reaction, i.e., acid hydrolysis of the acetimino-acid, must also be presumed to proceed 
with retention of configuration. It follows that inversion must have occurred during the alkaline fission of 
the toluenesulphonyl group and it is assumed that it has taken place on C,. The alternative explanation that 
the configuration of C, has been inverted is unlikely, since /-(—)hydroxy-N-acetylproline exposed to identical 
conditions—heating with 2 equivs. of alkali—is recovered unchanged in good yield. The assumption that the 
treatment of (VI) with alkali causes inversion on C, is in accordance with other observations; e¢.g., Houssa, 
Kenyon, and Phillips (J., 1929, 1700), and Kenyon, Phillips, and Taylor (J., 1933, 173) have shown that anionic 
reagents acting on toluenesulphonates of active alcohols may cause an inversion, although this is not invariably 
the case (Kenyon, Phillips, and Turley, J., 1925, 127, 399). This interpretation which assumes an /-configur- 
ation at C, for (VIII) is also supported by the observation that the specific rotation of (VIII) becomes more 
positive on addition of acid; this behaviour is typical for /-amino-acids as shown by Lutz and Jirgensons 
(loc. cit.). 


do i H H 
——CH, -——CH, ——-CH, -—CH, 
7 / vas ute ae 


H,C H | — HC H | —p ee 
NAc—CH-CO,H \NAc—CH-CO,R \NAc—CH-CO,H \NH-CH-CO,H 
(II.) (VI.) (VII.) (VIIL.) 


The absolute configurations of all four optically active isomerides are thus established and are set out in 
this table; the prefix / or d refers to the configuration of C,, since the configuration of this carbon atom appears 
to be the more important in biological reactions. 


Configuration. Configuration. 
Compound. [a]p. C,. Ce Compound. . . Cy 
l-(—)Hydroxyproline ............ —76-3° l d l-(—)alloHydroxyproline 
d-(+-)Hydroxyproline ............ -+—+-75+2 a l d-(-+-)alloHydroxyproline 


The relative positions of the carboxyl and hydroxyl groups to each other cannot be easily deduced from 
their configurations. Wieland and Witkop (loc. cit.) found that, whilst (I) gave a colour reaction with isatin 
in glacial acetic acid, the allo-compound did not react under.these conditions. These authors deduced from 
this observation that (VIII) is transformed into a lactone in the acid medium used and does not therefore 
react as an imino-acid. A similar difference in behaviour, however, is found if the reaction is carried out at 
pH 7-4, where lactone formation is highly improbable. Moreover, neither the acetyl compound (VII) nor the 
hydrochloride of (VIII) shows any tendency to form a lactone; for instance, (VII) is recovered unchanged if 
heated just below its melting point in a vacuum or if kept at 100° in glacial acetic acid. The difference im 
the behaviour of the two compounds must therefore be ascribed to other factors. 


EXPERIMENTAL. 


Preparation of \-(—)Hydroxyproline—Kapfhammer and Eck’s method (Z. physiol. Chem., 1927, 170, 294) was ——— 
in that histidine and lysine were removed before precipitation of proline and (I) as reineckates, for unless this was “< 
the mixed reineckates were dirty and contaminated by the insoluble salts of histidine and lysine (cf. Kapfhammer 6ft 
Spoerer, Z. physiol. Chem., 1928, 178, 245; Grassmann and Land, Biochem. Z., 1984, 269, 223): In the modified proce ” 
gelatin is hydrolysed with hydrochloric acid, and arginine removed with flavianic acid as described by apie 
and Eck (loc. cit.); the filtrate is then diluted in such a manner that the equivalent of 100 g. of gelatin is compas sod 
2-51. of solution; a concentrated solution of 100 g. of phosphotungstic acid (A.R.) per 100 g. of protein is then a - 
slowly at 70°, and the mixture left for 18 hrs. at room temperature. The solid is then collected and used for the ae 
ation of lysine and histidine. Excess phosphotungstic and flavianic acids are then extracted by a mixture of aque 
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ammonia and ether. The resulting colourless solution is concentrated to small volume, and proline and (I) are pre- 
cipitated with ammonium reineckate as described by Kapfhammer and Eck (/oc. cit.). The dilution of the solution 
before the phosphotungstic acid precipitation is necessary in order to prevent precipitation of proline,*which forms a 
fairly insoluble phosphotungstate (van Slyke, Hiller, and Dillon, J. Biol. Chem., 1942, 146, 137). The decomposition 
of the reineckates is carried out as described by the German workers, but their separation of (I) from proline leads to a 
product which is contaminated with proline. The crude (I) (alcohol-insoluble fraction) is taken up in a small quantity 
of hot water and precipitated by addition of 5 vols. of absolute alcohol. This recrystallisation is repeated once more. 
The yield of pure (I) is about 65 g. per kg. of air-dry gelatin. The specific rotation of the product varied between — 76-0° 
and — 76°5° (c = 2-5; | = 2-0). Most values in the literature are higher: Fischer (loc. cit.) gives [a]p — 81-04°, 
Klabunde (J. Biol. Chem., 1931, 90, 293) [a]p — 80-5°, and Kapfhammer and Eck (/oc. cit.) —~ 80-6°. On the other hand, 
Leuchs and Bormann found for theirsynthetic product [a]p — 75-7° and Dunn (‘‘ Handbook of Chemistry and Physics,” 
98th ed., 1944, p. 1373) reports a value of — 75-2°, It is believed that the higher figures obtained are due to contamin- 
ation with proline. Proline was recovered from the mother-liquors as its picrate. 

Oxidation of 1-(—)Proline to Succinic Acid.—To a solution of I-(—)proline (2-3 g.) in water (20 m.) was added during 
99 mins. a solution of potassium permanganate (8-43 g.) in water (200 ml.), whilst the mixture was stirred méchanically. 
The solution was then heated to 70° and left at that temperature for 10 mins., cooled, and filtered. The precipitate 
was well washed with boiling water, the combined filtrates made acid with 2N-hydrochloric acid (40 ml.), and concen- 
trated to dryness. The residue was taken up in alcohol, insoluble material removed, the solution concentrated to dry- 
ness in a vacuum, and the residue dissolved in ether. On concentration of the ethereal solution and addition of light 
petroleum (b. p. 30—40°) a crystalline precipitate was obtained which was filtered off, dried, and shown to be succinic 
acid (m. p. and mixed m. p. 185°) (Found: C, 40-8; H, 4-9; equiv., 60-4. Calc. forC,H,O,: C, 40-7; H, 5-1%; equiv., 
59); yield 30%. 

Ms iaoeyt (—oraline (IV).—The acid (III) (Synge, loc. cit.) (3-55 g.) was suspended in 0-33N-baryta (175 ml.), 
and the mixture kept for 3 hrs. at 18°. Barium was then removed exactly with sulphuric acid, and the solution con- 
centrated in a vacuum to about 40 ml. 5n-Sulphuric acid (25 ml.) was then added, and the solution heated under reflux 
for 3 hrs. Sulphuric acid was removed, and the solution evaporated to dryness. The crystalline residue was dissolved 
in anhydrous alcohol and crystallised by addition of anhydrous ether. The product (Found: C, 49-5; H, 7-7; N, 9-5. 
C,H,,0,N requires C, 49-7; H, 7-6; N, 9-7%) (yield 74%) had, after recrystallisation from alcohol-ether, m. p. 202°, 
[alp 56-0° (c = 1-0; 7 = 2-0); it was very hygroscopic, easily soluble in water and methyl and ethyl alcohol; but in- 
soluble in ether; on heating with ninhydrin in the presence of a trace of pyridine a deep purple colour was obtained. 

’ Oxidation of 4-Methoxy-|-(—)proline to d-(+-)Methoxysuccinic Acid.—1-31 G. of (IV) were dissolved in 25 ml. of 
water and treated with potassium permanganate (3-8 g.) as described above for proline. The solution was concentrated 
to dryness after acidification with 2n-hydrochloric acid (15 ml.), and the residue repeatedly extracted with ether. The 
combined ethereal extracts were dried and evaporated to ess; the oily residue failed to crystallise. It was taken 
up in ether and treated at — 10° with an ethereal solution of diazomethane, prepared from 4-2 g. of nitrosomethylurea ; 
the solution was left at 0° for 18 hrs., concentrated under reduced pressure, and the residue distilled. e fraction 
which distilled at 110°/20 mm. was collected, and dissolved in methyl alcohol which had been saturated with ammonia 
(20 ml.). The solution was left for 3 days and then evaporated to dryness. The residue was crystallised and recrystal- 
lised from a small quantity of boiling alcohol; it had m. p. 180°, [a]p 40-7° (c = 2-0 in water), [a]p + 55-9° (c = 1-0 
in methyl alcohol) (Found: C, 40-9; H, 6-6; N, 19-2. Calc. for C,H,,O,N,: C, 41-1; H, 6-85; N, 19-2%); yield 
35%. Purdie and Neave (J., 1910, 97, 1517) give the following values for /-(—)methoxysuccinamide: m. p. 178°; 
[M]p (water) — 58-8°, [M]p (methyl alcohol) —83°, whence [a]p — 40-3° and — 56-8°, respectively. 

dl-Methoxysuccinamide.—l-(—)Malic acid (Merck) was recrystallised from ether by addition of light petroleum (b. p. 
30—40°). Its optical purity was estimated by measuring the specific rotation of its molybdate complex. The rotation 
ofa solution containing 0-2233 g. of l-(—)malic acid and 0-5152 g. of ammonium molybdate was [a]p + 564°. McKenzie 
and Plenderleith (J., 1923, 128, 1090) give for malic acid under identical conditions [a]p + 568°. 

4-0 G. of ]-(—)malic acid were esterified in ether with diazomethane prepared from 10 g. of nitrosomethylurea, and 
the ester distilled ina vacuum, It was then methylated with methyl iodide and silver oxide and 3 g. of this ester were 
treated with methyl-alcoholic ammonia, and the amide crystallised and purified as described above. It had m. p. 180°, 
[a]lp — 56-9° (in methyl alcohol). 

100 Mg. each of /-(—)methoxysuccinamide and of (V) were dissolved in a small quantity of boiling alcohol. On 
cooling, a crystalline substance was obtained, which was filtered off and dried. It had m. p. 177° and was optically 
inactive. Purdie and Marshall (loc. cit.) give m. p. 175° for dl-methoxysuccinamide. 

1-(—)Hydroxy-N-acetylproline Methyl Ester.—5-5 G. of the acetimino-acid (II) were dissolved in dry dioxan (100 ml.) 
and treated at — 10° with a dry, freshly distilled ethereal solution of diazomethane prepared from 12-5 g. of nitroso- 
methylurea. The mixture was left at 0° for 4 hrs. and then evaporated in a vacuum to dryness. Traces of dioxan were 
completely removed by drying in a desiccator over phosphoric oxide; the oil slowly crystallised (yield, 95%). The 
substance was recrystallised by careful addition of dry ether to a solution of the ester in alcohol and had m. p. 78° (Found : 
51-1; H, 6-95; N, 7-4. C,H,,0,N requires C, 51-3; H, 6-95; N, 7-5%). 

l-Hydroxy-N-acetyl-O-toluene-p-sulphonylproline Methyl Ester (VI; R = Me).—9-5 G. of the above ester were dis- 
solved in dry pyridine (15 ml.), and the solution cooled to — 10°. Toluene-p-sulphonyl chloride (10-1 g.) was then added, 
the mixture kept at 0° for 18 hrs., poured into ice-cold n-hydrochloric acid (145 ml.), and left for 20 hrs. at 0°. The 
crystalline material was collected and dried (yield 78%). The substance, which was easily soluble in alcohol and chloro- 
form, was recrystallised from ether and had m. p. 60°. 

|-Hydroxy-N-acetyl-O-toluene-p-sulphonylproline (VI; R = H).—13 G. of the above ester were dissolved in methyl 
alcohol (25 ml.), and N-sodium hydroxide (38-5 ml.) added. The solution was kept at 0° for 18 hrs., and n-hydrochloric 
acid (38-5 ml.) then added. The precipitate was filtered off, and the mother-liquor, on removal of methyl alcohol, gave 
a further crop of crystals (total yield 90%). The acid is fairly soluble in boiling but almost insoluble in cold water, 
soluble in alcohol. and ethyl acetate, but insoluble in ether. It had m. p, 181—182° [Found: C, 51-7; H, 5-4; N, 4-4; 
equiv. (cresol-red), 321. C,,H,,0O,NS requires C, 51-4; H, 5-5; N, 43%; equiv., 327]. 

l-(—)alloH ydroxy-N-acetylproline (VII).—9-8 G. of the acid (VI; R =H) and 120 ml. of 0-5n-sodium hydroxide 
(2 equivs.) were heated at 100° for 20 mins. The solution was then cooled, and 30 ml. of n-hydrochloric acid (1 equiv.) 
added; the pH was then about 2-1 and toluene-p-sulphonic acid was still mainly present as its sodium salt. The solution 
was then evaporated to dryness at reduced pressure, the bath temperature being kept between 40° and 45°. The residue 
Was extracted with three 100-ml. portions of a mixture of absolute alcohol and dry ethyl acetate (1:1). The combined 

tered extracts were evaporated to dryness, and the residue again extracted with several portions of boiling dry ethyl 
acetate, 600 ml. altogether being required. On cooling, crystalline material was obtained; a further crop was obtained 
on concentrating the mother-liquors. The substance on recrystallisation from ethyl acetate had m. p. 144—145° (yield 
35%) (Found: C, 48-2; H, 6-15; N, 7:9; equiv., 175. C,H,,O,N requires C, 48-0; H, 6-35; N, 8-1%; equiv., 173) 
[alp — 91-5° (c = 2-0; J = 2-0 in water). It was very soluble in water, alcohol, sodium hydroxide, and dioxan, fairly 
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insoluble in ethyl acetate and chloroform, and almost insoluble in ether. It was recovered unchanged by heating ty 
140° in a vacuum for 1 hr. or after prolonged boiling in acetic acid. 

1-(—)alloH pdroxyproline.—A solution of the acetyl compound (1-4 g.) in 3n-hydrochloric acid (25 ml.) was boiled 
under reflux for 4 hrs. and then evaporated in a vacuum to dryness. The crystalline residue was suspended in alcohol- 
ether and filtered. The hydrochloride, which was dried and freed from excess of acid over potassium hydroxide ing 
desiccator at 1 mm. pressure, was not a derivative of a lactone (which should be almost neutral), but of the imino-aciq 
(VIII), as shown by the following properties: A solution in water had a pH of about 1-8, a value to be expected for the 
acid salt of (VIII). 33-5 Mg. of the hydrochloride required 1-92 ml. of 0-1N-sodium hydroxide for neutralisation t) 
pH 5 (methyl-red) (Calc.: 2-00 ml.); the hydrochloride of the lactone should use up only a trace of alkali under these 
conditions. 

The hydrochloride was then dissolved in a small quantity of water, the pH adjusted to 5-0 with lithium hydroxide 
and alcohol added. The crystalline base was filtered off and recrystallised from aqueous alcohol (yield 85%); m. p. 
248° (decomp.), [a]p — 58-0° (¢ = 2-0; / = 2-0 in water); [a]p — 15-7° (c = 1-4; / = 2 in 6% HCl) (Found: C, 45.7. 
H, 6-8; N, 10-5. C;H,O,N requires C, 45-7; H, 6-9; N, 10-7%). 

Both (I) and (VIII), if heated with ninhydrin at their isoelectric points, give only a yellow colour, as found for (I) 
by Grassmann and von Arnim (/!nnalen, 1934, 509, 288; 1935, 519, 192); however, if pyridine is added, or if the reaction 
is carried out in a phosphate buffer of pH 7-4, both compounds give a transient red colour turning into a dirty brown, 
With isatin at pH 7-4, (I) gives a. transient dark red colour, whereas (VIII) gives a much less intense red colour changing 
to green. If the reaction is carried out in acetic acid, (I) gives a transient red colour turning to a fluorescent olive green, 
but (VIII) gives an uncharacteristic dark orange colour. 

Attempted Inversion of 1-(—)Hydroxy-N-acetylproline with Alkali.—(II) (0-9 g.) was dissolved in 10 ml. of water, and 
2 equivs. of N-sodium hydroxide were added. The solution was heated at 100° for 30 mins., cooled, and exactly neu- 
tralised with hydrochloric acid; it was then evaporated in a vacuum to dryness, and the residue extracted with hot 
moist ethyl acetate. On cooling and concentration, 0-55 g. of material was obtained, which was dried over phosphoric 
oxide in a desiccator. It then had m. p. 135°, [a]p — 118° (c = 1-5; / = 2-0), and was unchanged (II). 
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108. The Effect of Molecular Environment on the Absorption Spectra of Organic 
Compounds in Solution. Part IV. Dienones and Dienals. 


By L. K. Evans and A. E. GILLAM. 


If continuation of earlier work the absorption spectra of various conjugated dienones and dienals have 
been/studied. It is found that in all the known cases the absorption band lies between 2690 and 3170 a., de- 
pending on the number and position of the alkyl substituents, for, as in the case of the af-unsatyrated ketones, 
each successive alkyl substituent on the chromophore exerts a tendency to displace the absorption band by 
approximately 100 a. towards longer wave-lengths. Data on the corresponding semicarbazones and phenyl- 
semicarbazones are also presented. 


In previous papers of this series (e.g., Part III, J., 1943, 565) the light absorption of compounds containing 


the simple chromophores SCIO-CIC <, >C:C-C:O and >C:C-C:N- have been studied with the main object 
of increasing the value of absorption spectra data in the elucidation of the structure of organic compounds, 
The present paper extends this work by a study of conjugated dienones and dienals. 

It has already been observed that the more intense band in the absorption spectrum of «f-unsaturated 
carbonyl compounds in alcoholic solution usually lies within the range 2150—2570 a., the location being 
mainly dependent upon the degree of substitution of the actual chromophoric group (Woodward, /. Amer. 
Chem. Soc., 1941, 68, 1123; 1942, 64, 72; Evans and Gillam, J., 1941, 815). For instance, in (I) when « and 
8 = H the absorption band lies near 2150 a. and each subsequent replacement of H by R (= alkyl) results 
in a displacement to longer wave-lengths of about 100 a. Superimposed upon these substitutive effects is 
found a hypsochromic effect of 50 a. in the case of aldehydes (i.e., when R also = H) and a bathochromic 
effect of 50 a. for each exocyclic ethylene linkage. 

a R 


Ro Beet - no See 
Yc=C—C=0 port 0 
(I.) (II.) 


Where the absorption spectra recorded here have been obtained for the first time the values have been 
determined for ethyl-alcoholic solutions, but since published values have been obtained in various solvents 
and the location of an absorption band varies with the solvent it was necessary to establish an empirical cor- 
rection that could be used to convert values in other solvents to those in ethyl alcohol. For this purpose 4 
typical dienone—y-ionone—was examined in several solvents, the values and corrections being listed in Table I. 

It is noteworthy that the corrections obtained with this dienone are all, with one exception, viz., that in 
chloroform, practically identical with those collected by Woodward (loc. cit.) from the literature on «(-un- 
saturated ketones. This worker gives the absorption maxima in alcohol and chloroform as identical for «- 
unsaturated ketones although it is common experience with other classes of compounds, like the y-ionone 
above, to have.the absorption maximum in chloroform displaced slightly to longer wave-lengths. 

Increasing the length of a conjugated system affects the light absorption of a compound by a movement of 
the K-band to longer wave-lengths; so that as we pass from an «f-unsaturated ketone to a dienone we expect, 
and in fact obtain, such a bathochromic effect except where the dienone contains an unconjugated ethylene 
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TABLE I. 
Absorption maxima of -ionone in various solvents. 


Corrn. to give ethyl Similar corrn., A, for 
Solvent. Amax.» A. alcohol value (A). C:C*C:O0 compounds (Woodward). 
SEDEE. <ickesgusseaehnuss an deuensate 2930 —10 —10 
REEL” asacpesedsneetoees keoesetes és¢ 2855 +65 +60 
MD acs dacnisdbantnasecendeadss 2870 +50 — 
BE) esd secccgcbistentserencoans 2845 +75 +70 
SIRE { Sophegdite-sbencg ted (occeresedts 2960 +40 +0 
SITE, adeenahsRihentneunetess wi bht 2920 — — 


linkage as in methylheptenone. Here the light absorption is that of the «8-unsaturated ketone only. Follow- 
ing Woodward’s system (loc. cit.) of labelling the replacable H atoms on the chromophore in «f-unsaturated 
ketones, we have the arrangement in conjugated dienones as in (II). The degree of substitution about this 
chromophore may vary from 0 to 5 substituents even with R = alkyl, and so for a complete analysis a con- 
siderable amount of data is necessary. Attempts to prepare suitable and relatively simple dienones by con- 
densing available «8-unsaturated aldehydes with various dialkyl ketones and with aldehydes have frequently 
produced only high-boiling polymerised products. However, it has been possible to collect sufficient data to 
make a preliminary classification possible. 

The interesting question at once arises whether the same kind of substitutive effect applies to the dienone 
chromophore as has already been observed with the «$-unsaturated ketone type. Jones and Lahey [Univ. 
of Queensland Papers (Chemistry), 1942, I, 26], in fact, considered this possibility but were limited to an 
examination of only three compounds. 

In Table II we summarise the known data on a wider range of dienones and dienals to test this substitutive 
effect. 

TABLE II. 


Absorption Spectra of Conjugated Dienones and Dienals. 


Substituted. Anes.» Ae 
Monosubstituted. 
Tagetone? .... ob0 200 cne cence ecedse ese ceescnces suc ieeueseessensee 2690 
A:5- -Heptadien- 2- -one Ph iraealdindieiec dl dbaieshteckabtihcdiitniesta dis 2710 
A?:4-~Hexadienal * stihiebmaitiabtitadtinti>oigtcuehsidseinnnianiane 2700 


Disubstituted. 


4-Methyl-A‘4:*-octadien-3-OMe ..........cecee eee cseceeceeceeceeeeeceeees 2790 
4-Ethyl- A®:5-nonadien-2-one — ............ sce ccecccceccecccececceeceeces 2815 
BP2OA igheetnGienT-OM0 © aes ccc can ccvnsccce con cseccdisoc cnc ses cenccoece 2800 
BAEC atbemteem-S-Omie ois one 000 secccs see coc ngs coc cescccccesevess 2870 * 
A*:6-Androstadiene-3 : 17- TRITON is 5 Ti 2850 
A*:©-Androstadien-17-0l-7-one 7 ........0.0cceccecccecccccccevcccccsces 2760 * 
isoErgosterone ........ nvedne bee sve ebdes dee cedess enectcess oceans 2815 * 
isoErgostatrienone * Kadithd nap abibiin ed daeeies ephseaekins takes epints ion cen ps 2810 
6-Dehydroprogesterone a Bae IIA tin, ON Ne OE 2820 
CORONERS? «0... ons socccccpeccccccsce cen scccesscossecseses ccs 2860 
6- -Dehydrodéoxycorticosterone wh epbsutaes saeces 2830 
7-Keto-A*:5-aetiocholadienic acid methyl onere 2790 
%-Ionone ...... pabdtie hes shaved eteees tiageesdodtanen eenseeees 2920 
Citrylideneacetaldehyde ie -deidoallesainahs cachdirtatattakmindotabicaevncn 2900 


Trisubstituted. 


5-Hydroxy-2-keto-a- ws mo ae snc CRM De cdvesenetweute 3090 
Acetate of above compound setbonssenenens slaves 3090 
6-Ethoxy-A*:*-cholestadien-3- RR ED ARES 3015 * 
B-Ionone #4 .... Spinus 00s Seskseest shakepioeewd kogaoy set 2935 
B-cycloCitrylideneacetaldehyde gs aacncbiiabbasdes 2930 
1-Keto-3-cyclohexenyl- A®-octahydronaphthalene IF icsiteddecon 2815 


Tetrasubstituted. 


4 : 6-Dibromo-A*:*-cholestadien-3-one 25  ........e cee cee cee cee cee ces 2930 * 
4: 6-Dibromo-A?:5-cholestadien-7-ome 15 20.2... cece cence eee ceeeee 3030 


Pentasubstituted. 
4:6: 7-Tribromo-A*:*-cholestadien-3-one 25 oo... ee cee cee cee eee 3130 


* Values in other solvents corrected empirically to that in ethyl alcohol. 


+ Jones and Lahey, Joc. cit. 2 Morton, ‘‘ The Application of Absorption Spectra to the Study of Vitamins, 
Hormones, and Coenzymes,”’ Hilger, London, 1942. 3 Haiisser, Kuhn, Smakula, and Hoffer, Z. physikal. Chem., 
1935, B, 29, 371, 378. 4 Jackson and Jones, J., 1940, 659. 5 Dane, Wang, and Schulte, Z. physiol. Chem., 1937, 

» 80. * Ruzicka and Bossert, Helv. Chim. Acta, 1937, 20, 328. 7 Butenandt, Hausmann, and Paland, Ber., 
1938, 71, 1316. 8 Wetter and Dimroth, Ber., 1937, 70, 1665, 2033. ® Wettstein, Helv. Chim. Acta, 1940, 23, 
1371, % Reichstein and Fuchs, ibid., 1939, 22, 1160. 11 Burawoy, J., 1941, 20. 12 Aldersley, Burkhardt, 
Gillam, and Hindley, J., 1940, 10. 13 Barraclough, Batty, Heilbron, and Jones, J., 1939, 1549. 14 Jones and 
Koch, J., 1940, 10. 46 Butenandt, Schramm, and Kudzsus, Ansialen, 1937, 681, 176. 
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Examination of the data in Table II shows that all known dienones and dienals in alcoholic solution absorb 
light maximally between the limits 2690—3170 a., the intensity (ec) being of the order 20,000—30,000 if we 
exclude a number of very low values as being probably due to impure materials (cf. Table II). 

The primary members of the series (CH,-;CH-CH:CH-COR) are not known, and attempts to prepare them 
have so far yielded only resinous products. The only three monosubstituted members on which data are 
available are very consistent in the location of Ama, at 2700 + 10 a. More disubstituted members are avail. 
able, mainly of the steroid type, and these absorb maximally between 2760 and 2850 a. except the two non. 
steroid compounds which have their absorption band displaced to longer wave-lengths, #.e., 2900 and 2910 a, 
This gives a mean value of 2835 + 75 a. for all the disubstituted members. 

The trisubstituted compounds (with one exception) range from 2930 to 3090 a., with the average location 
at 3010 + 80 a. B-Ionone and £-cyclocitrylideneacetaldehyde are abnormal only in their low intensity values, 
This cannot be explained on the grounds of impurity, since rigorously purified B-ionone has previously been 

noted for its low e value as well as for its abnormally absorbing semicarbazone (Burawoy, 
I ] J., 1941, 20). The location of the band of (IIA) at 2815 a. is so much outside the normal 
> range for trisubstituted derivatives that one is inclined to doubt its structure. 
Values on tetra- and penta-substituted compounds are only available on bromo-sub- 
(II4.) stituted derivatives. On the somewhat doubtful assumption that bromine as a substituent 
behaves like an alkyl group we get some evidence of a normal bathochromic effect but there is too little evidence 
on which to generalise. 

In af-unsaturated carbonyl compounds it was-found earlier that the aldehydes usually absorbed at slightly 
shorter wave-lengths than the corresponding ketones (average ca. 50 a.). In the more unsaturated compounds 
which form the subject of this paper the difference between aldehydes and ketones seems to have disappeared. 
Thus A***-heptadien-2-one and A**4-hexadienal absorb at almost the same wave-length (2705 + 5 a.), and 
citrylideneacetaldehyde and y-ionone similarly both absorb at 2905 + 5a. 

The absence of sufficient data on compounds containing evocyclic double bonds precludes the possibility 
of making a sound generalisation on their effect, but it is notable that the two trisubstituted dienones that 
absorb at 3090 A., 7.e., at wave-lengths longer than the other members of their class, each contain two exo- 
cyclic ethylene linkages such as have been shown by Woodward (loc. cit.) to exert a distinct bathochromic 
effect in the simpler chromophore group in «$-unsaturated ketones. 

In comparison with earlier experience on «$-unsaturated compounds, where it was shown that substitution 
by alkyl groups on the carbon atom furthest removed from the carbonyl group produced a greater batho- 
chromic effect than when the substitution was in the a-position (Evans and Gillam, J., 1941, 815), we might 
have expected some similar effect in dienones. Examination of the data in Table II shows in fact that a 
8-substituent exerts a greater bathochromic effect than others; for instance, the 88-substituted citrylidene- 
acetaldehyde (Anax, = 2900 a.) and y-ionone (Anax, = 2900 a.) absorb at longer wave-lengths than typical 
a§- and B8-substituted compounds (Amax, ¢ 2790—2860 a.). 

Subject to the superimposed secondary effects of factors such as exocyclic ethylene linkages and the effect 
of substituents relative to the carbonyl group, the broad generalisation emerges that, as in «$-unsaturated 
ketones, there is a bathochromic effect of about 100 a. for each successive substituent group (Table III) despite 
the apparent anomalies most of which are due to known disturbing factors. 


TABLE III. 
The effect of alkyl substituents on the location of the absorption maximum. 
Dienones and dienals. Amazx., A. (order). Dienones and dienals. Amax., A. (order). 
Unsubstituted (no known ren 2600? RE, pen ceddcssindenctcaeebes 2900 


Monosubstituted ...... sonene 2700 Tetrasubstituted  .......ccccccseceseee 3000 
Disubstituted . nevseees cba ecedensectee 2800 Pentasubstituted .........ssescesesees 3100 


In the il ia discussion a small group of dienones and dienals has been deliberately omitted, i.c., those 
having two ethylenic linkages in a single ring system, although several compounds of type (III) have been 
examined spectroscopically. From results given by the corresponding cyclic 1 : 3-dienes, it is to be expected 
that these compounds would have their absorption maxima displaced to considerably longer wave-lengths as 
compared with their acyclic analogues (cf. Booker, Evans, and Gillam, J., 1940, 1453; Woodward, Joc. cit., 
1942) and this is found to be the case. Thus (IV) has Aggy 3160 a., e = 10,900 (Barraclough ¢ al., J., 
1939, 1549) and (V) has Ama, 3170 a., « = 6,310 (Heilbron ef al., J., 1938, 102). Both these wave-length 
values are abnormally high. Safranal (VI) has Am,y 3000 a., e = 19,000 (Kuhn and Winterstein, Ber., 1934, 


ys" 


CHO 

\cor VNU 
Q CO nol 2K (v.) 
(IIT.) (IV.) re} (VI.) 


67, 344) and is thus not quite so abnormal as the compounds just mentioned. Eucarvone (VII) is not strictly 
comparable, since the two double bonds are sifuated in one ring and that a seven-atom one; it is moreover 
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,pnormal in the very low intensity of its absorption: Ay, 3035 a., « = 6,300 (Gillam and West, J., 1942, 


Derivatives of Dienones and Dienals.—The well-crystallised semicarbazones of new dienones and dienals 
of unknown structure are often available when the parent carbonyl compounds are not, and the characteristic 
hbsorption spectra of these semicarbazones can thus often be useful as a means of identification of the parent 
arbonyl compounds. Typical values are shown in Table IV and are all within the range 3090—3200 a. 
¢ = 20,000-—-30,000). The only exceptions appear to be the semicarbazones of B-ionone (Ama. 2765 A., 
; = 23,300) and of eucarvone (two bands), the parent ketones of which have already been noted as abnormal. 
Thus the semicarbazones of dienones and dienals are with these exceptions readily distinguished from those 
of the «8-unsaturated ketones by a displacement of their absorption maximum by some 500 a. (cf. Part ITT) 
to longer wave-lengths corresponding to the increased length of the conjugated system. 

Of the substituted semicarbazides which are useful in the preparation of derivatives of carbonyl compounds, 
phenylsemicarbazide i is among the simplest, although from the point of view of absorption spectra it possesses 
the complication of a chromophoric group (the benzene nucleus) in addition to that of the particular carbonyl 
condensation product. For instance, phenylsemicarbazide NHPh-CO-NH:-NH, itself exhibits a single absorp- 
tion band (Amax, 2475, « = 16,420), very like that of the related acetanilide (A,,,,, 2385, « = 13,550), whereas 
acetonephenylsemicarbazone absorbs at the same location but at a greater intensity, 7.¢., Ama, 2470, € = 20,720. 


TABLE IV. 


Absorption spectra of dienone and dienal semicarbazones. 


Semicarbazone of— Amex.» A. Gon Solvent. 


A®:8-Heptadien-2-One  ..rscvecescessevecsercos score cesses see seccessccces 2900 37,000 EtOH 
4-Ethyl-A*:5-nonadien-2- ~one- 006 cde 56d abo RUSH ee dsb Hobbes 55 b03 bbe bE Odd 2550 38,600 — 
4-Methyl]-A*:*-octadien-3-OMe .........ssscsecensescceceesseseecisvsecss 2910 33,500 


p-Tonone *  ...... +0 $06 bod 096bse s0.RSR Ue SOb bee cd0be6 odecbe 58d ode 008550 2995 45,400 EtOH 
iso-Ergosterone 2 on anthileieesanachees 3080 22,300 CHCl, 
2- Keto-b-acetoxy-af-dicyclohexylidene-ethane Lae 3090 22,030 EtOH 


2270 8,030 
Eucarvone* ....+. 4 bee sec scessnave 3090 16,460 EtOH 
1-Keto- iinet Wantetiniehiteiass ©  cccced vee ssbeve 3000 25,100 EtOH 


1 Burawoy, J., 1941, 20. 2 Wetter and Dimroth, Ber.; 1937, 70, 1665, 2033. 8 Aldersley, Burkhardt, Gillam, 
and Hindley, J., 1940, 10. * Gillam and West, J., 1942, 483. 5 Jones and Koch, J., 1942, 393. 


The phenylsemicarbazones of «8-unsaturated carbonyl compounds, on the other hand, are all characterised 
by ‘wo intense and well-defined absorption bands near 2380 a., « = order 20,000, and near 2780 a., ¢ = order 
30,000. By comparison with acetanilide and phenylsemicarbazide itself, it would appear that the 2380 a. 
band is due to the NHPh:’CO: chromophore, whilst the 2780 a. band of higher intensity is associated with the 


wie awe 
conjugated system originally present in the carbonyl compound, now modified from —C:C-C:0 to —-C:C-C:N-, 
When the phenylsemicarbazide is condensed with a conjugated dienone we again find two absorption 
maxima in the spectrum, one of which, at 2380 a., is due to the reagent, and the other, displaced to longer 


wave-lengths, is again due to the modified conjugated system of the dienone (now U:6-¢:0-C:N-) being 
situated at 3000—3090 a. (cf. Table V). It will be observed that once again the §-ionone derivative is abnormal 
in that the band is at an unusually low wave-length. Just what the explanation of this consistent discrepancy 
in the light absorption of B-ionone and its derivatives may be is not at present clear. 


TABLE V. 


Absorption spectra of carbonyl phenylsemicarbazones. 


Phenylsemicarbazide band. Phenylsemicarbazone band. 
Ymax.; A. €, Ymax.» A. &, 
aB-Unsaturated carbonyl escrcder Os 
CORWORD | scssdeonsseecten eevevece 2375 14,700 2775 28,200 
Piperitone ..... jccipdieaamedebiand bwieduutens 2395 23,750 2810 30,500 
1- -Methyleyclohexen-3- -one . 20 0vescecse coo seesecese 2390 19,100 2780 30,800 
PAPI © ities engined 208 shames ees eoencneessebeenies 2365 19,800 2805 26,600 
Compound C,;H,0 TC ARS 2365 21,100 2765 40,600 


Dienones. 
DRO ails clbin adtibdebinver ccd tvnvbvacecscdsnteedadess 2375 14,400 3090 49,000 
B-Ionone ..... Sddewile bbddsi MeL Bededebee 2360 19,200 2890 ‘ 28,600 
4-Ethyl-A*: 5_nonadien- SG sassinpiialeladdiibidinbesd 2380 12,700 3025 41,000 
AS:5. IIE ou cicounih-didstahaich parted sini 2400 16,200 3000 46,000 


MOEIIGT: © ics ssictieids cinndssavtccsse ine isesiduessge ees 2385 13,550 — — 
Phenylsemicarbazide .. du tEb dna bse bbc cbbndedtd ods dee 2475 16,420 — — 
poe eer mrornmre ened sndceusge 6d ov0cens 2470 20,720 — — 


1 Burawoy, J., 1941, 20. s + Klingstedt, Z. physikal. Chem., 1928, B, 1, 74. 
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EXPERIMENTAL. 


A*:5-Heptadien-2-one was prepared by condensing freshly distilled crotonaldehyde (100 g.) with acetone (100 g) 
in the presence of sodium hydroxide (10 g.) dissolved in alcohol (100 ml.), the aldehyde being added with stirring an 
cooling so that the temperature remained below 5°. The ethereal extract was washed with dilute sulphuric acid an 
water, dried, the ether removed, and the product distilled in a vacuum through a short column, giving about 10 ml. ¢j 
low-boiling product. A further distillation was carried out before spectroscopic examination; b. p. 75—78°/15 mm, 
#%-Ionone was prepared similarly from acetone and citral; b. p. 146—148°/14 mm. 

4-Ethyl-A*:5-nonadien-2-one was prepared by condensation of 2-ethyl-A*-hexenaldehyde (100 g.) (see Part II) with 
acetone (100 g.); yield 20 ml.; b. p. 116—118°/15 mm. ; 

3-Methyl-A*:*-octadien-3-one. Condensation of crotonaldehyde with diethyl ketone gave only a few ml. of lov. 
boiling liquid, much of it polymerising in the condenser; b. p. 103—105°/15 mm. 

Semicarbazones were prepared in the usual manner and purified by recrystallisation from aqueous alcohol. Pheny.- 
semicarbazones were prepared by warming the carbonyl compound with 4-phenylsemicarbazide in aqueous alcohol, 
the products being finally recrystallised from 95% alcohol. 

Absorption spectra were determined by standard methods using a Hilger E3 quartz spectrograph and a Spekker 
photometer, pure aldehyde-free ethyl alcohol being the solvent usually employed. 


MANCHESTER UNIVERSITY. (Received, April 20th, 1945,] 





109. 4-(4’-Aminobenzenesulphonamido)resorcinol 3-Benzoate and Some 
Related Compounds. 


By D. H. R. Barton, W. H. LInneELt, and N. SEnror. 


A aumber of arylsulphonamido- and acylamido-resorcinols, including 4-sulphanilamidoresorcinols, have 
been prepared for examination as antibacterial agents. 4-(4’-Sulphonamidobenzeneazo)resorcinol has been 
characterised and differed from that obtained by Magidson and Rubtsov (J. Gen. Chem. U.S.S.R., 1940, 10, 756). 
Molecular rearrangements occurred on the reduction of 4-nitro-, and 4-azo-substituted, resorcinol 3-benzoate to 
give 2’ : 4’-dihydroxybenzanilide. The orientation of 4- and 6-nitroresorcinol 3-benzoates has been confirmed. 


THE use of 4-n-hexylresorcinol as an antibacterial agent prompted the preparation of 4-(4’-aminobenzene- 
sulphonamido)resorcinol and 4-(4'-sulphonamidobenzeneazo)resorcinol in order to determine whether the activity 
of both nuclei would be retained in the compounds. 

Nitration of resorcinol 3-benzoate gave two mononitro-derivatives, m. p. 189° and 124°, the orientation of 
which has been established. The former isomer on reduction with sodium hydrosulphite gave, by intra- 
molecular rearrangement, 2’ : 4’-dihydroxybenzanilide (I), which was identified by methylation to the known 
2’ : 4’-dimethoxybenzanilide, whereas the lower-melting isomer gave the corresponding aminoresorcinol 
3-benzoate. Similar migrations of a benzoyl radical from a phenolic hydroxyl to an amino-group in the 
o-position are known (cf. Raiford and Huey, J. Org. Chem., 1941, 6, 858; Raiford and Shelton, ibid., 1939, 4, 
207), but have not been encountered where m- and p-substituents are concerned. Hence the higher-melting 
compound must be 4-nitroresorcinol 3-benzoate and the lower, 6-nitroresorcinol 3-benzoate. Accordingly the 
required derivatives of 4-aminoresorcinol were prepared by condensation of 6-aminoresorcinol 3-benzoate with 
the appropriate acid chloride in the usual way, followed by acid or alkaline hydrolysis. 


Resorcinol 3-benzoate 





Nitroresorcinol 3-benzoate, m. p. 189° Nitroresorcinol 3-benzoate, m. p. 124° 


reduction direct coupling reduction 





| Y 6-Aminoresorcinol 3-benzoate 
OH OH OH 


reduction alcoholysis 
OH 9 a oe rR H 
H‘CO°C,H; ‘INR N:NR 
(I.) (II.) (III.) 


R = C,H,’SO,’NH, (p) or C,H;. Resorcinol plus diazotised sulphanilamide 


Resorcinol 3-benzoate was coupled with diazotised sulphanilamide, yielding 4-(4'-sulphonamidobenzencaz0)- 
vesorcinol 3-benzoate (II), which gave 4-(4’-sulphonamidobenzeneazo)resorcinol (III) on debenzoylation. This 
product, the dihydroxy-analogue of prontosil rubrum, had previously been described by Magidson and Rubtsov 
(loc. cit.) as melting above 300° and showing little solubility in organic solvents : that obtained in this research 
melted at 207° (decomp.) and was readily soluble in alcohol, acetone and acetic acid. Furthermore, 4-(4- 
sulphonamidobenzeneazo)resorcinol 3-benzoate (II), from which the material melting at 207° was obtained by 
debenzoylation, gave 2’ : 4'-dihydroxybenzanilide (I) on reduction with sodium hydrosulphite : this result can 
be explained by the intramolecular rearrangement of the intermediate, 4-aminoresorcinol 3-benzoate. As 
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4-benzeneazoresorcinol 3-benzoate (II) gave the known 4-benzeneazoresorcinol (III) on alcoholysis, there is no 
reason to suspect any abnormality during the debenzoylation of 4-(4’-sulphonamidobenzeneazo)resorcinol 
3-benzoate. There can be little doubt, therefore, that the substance melting at 207° is in fact 4-(4’-sulphon- 
amidobenzeneazo)resorcinol. An attempt to resolve this anomaly was made by repeating the preparation 
of the Russian workers by direct coupling of diazotised sulphanilamide with resorcinol: the product, obtained 
in 72% yield, melted at 207° and gave no depression of melting point when mixed with our material. A 
repetition of this preparation using a large excess of alkali during the coupling gave a mixture of mono- and bis- 
azo-derivatives and on separation the 4 : 6-bis-(4’-sulphonamidobenzeneazo)resorcinol melted above 300° and 
was almost insoluble in organic solvents. It cannot be assumed that the compound obtained by the Russian 
workers was this bisazo-derivative, as their analytical figures agreed with those of the monoazo-compound. 

6-(4'-Acetamidobenzenesulphonamido)resorcinol 3-benzoate and 6-nicotinamidoresorcinol 3-benzoate were 
obtained by treatment of 6-aminoresorcinol 3-benzoate with the appropriate acid chloride. The former was 
converted into 4-(4’-aminobenzenesulphonamido)resorcinol by acid hydrolysis and the latter into 4-nicotinamido- 
yesorcinol by treatment with aqueous potash. 


EXPERIMENTAL. 


4-Nitroresorcinol 3-Benzoate and 6-Nitroresorcinol 3-Benzoate.—Resorcinol (44 g.) was dissolved in a solution of 
hydrated sodium carbonate (88 g.) in water (1300 ml.) containing sodium hydrosulphite (5 g.), benzoyl chloride (56 g.) 
added dropwise with efficient stirring during 5—6 hours, and stirring continued fora further 2 hours. The crude resorcinol 
3-benzoate (57 g.) which separated was washed free from alkali, dried, and twice triturated with benzene to remove resorcinol 
dibenzoate. The purified material (53 g.), m. p. 1832—133°, required no further purification. 

The nitration of resorcinol 3-benzoate was effected in acetic acid (Kauffmann and Kugel, Ber., 1911, 44, 754), giving 
39% of 4-nitroresorcinol 3-benzoate, m. p. 189°, and 44% of 6-nitroresorcinol 3-benzoate, m. p. 124°. The orientation 
of these substances suggested by Kauffmann and Kugel was not accepted in Beilstein’s ‘‘ Handbuch ”’ (9, 132, Ist. supl. 
72) but has been confirmed by reduction (vide infra). 

4-Benzeneazoresorcinol 3-Benzoate.—Aniline (23-5 g.), dissolved in 5n-hydrochloric acid (200 ml.), was diazotised at 
0—5° with sodium nitrite (19 g.) in water (70 ml.). After removal of excess of nitrous acid with urea‘ the solution 
was neutralised with sodium bicarbonate and added to a cooled solution of resorcinol monobenzoate (51 g.) in alcohol 
(1000 ml.), and the mixture saturated with sodium acetate and kept for 12 hours. On large dilution a brown precipitate 
(m. p. 168—170°) appeared, which was purified by solution in benzene containing a little acetone, filtering and precipit- 
ating by addition of light petroleum (b. p. 60—80°). Repetition of the purification process gave fine yellow needles, 
m. p. 192°. Yield, 60% (Found: C, 71-7; H, 4-6; N, 8-9. C,,.H,,O3,N, requires C, 71-7; H, 4-45; N, 8-8%). 

Debenzoylation was effected by leaving overnight a mixture of 3-18 g. in alcohol (60 ml.) and aqueous potassium 
hydroxide (34 ml. of 5%). The bulky yellow precipitate was collected, washed, dried, and recrystallised from alcohol. 
It occurred in red needles, m. p. 169—170°, and gave no depression on admixture with 4-benzeneazoresorcinol prepared 
by direct coupling of diazotised aniline and resorcinol (Vorochtov and Borkov, J. Gen. Chem. U.S.S.R., 1932, 2, 421). 

_ 4-(4’-Sulphonamidobenzeneazo)resorcinol 3-Benzoate.—In a similar manner p-aminobenzenesulphonamide (5-2 g.) was 
diazotised and coupled with resorcinol 3-benzoate (6-4 g.) : the solution obtained was poured into excess of dilute hydro- 
chloric acid, and the precipitate collected, washed, and dried. Purification was effected by charcoal in alcohol-benzene 
solution, followed by evaporation to low bulk and precipitation with light petroleum. Repetition of the purification 
gave a bright yellow, microcrystalline powder, m. p. 199—200°; yield 58% (Found: C, 57-0; H, 4-1; N, 10-4. 
CigH,,0,NgS requires C, 57-4; H, 4-1; N, 10-4%). 

4-(4’-Sulphonamidobenzeneazo)resorcinol.—(a) 4-(4’-Sulphonamidobenzeneazo)resorcinol 3-benzoate (0-9 g.), dis- 
solved in alcohol (18 ml.), was treated with potassium hydroxide solution and left at room temperature for 12 hours. 
The flocculent yellowish-brown precipitate obtained on pouring into excess of dilute hydrochloric acid was contaminated 
with ethyl benzoate. Repeated crystallisation from hot acetone gave small, bright red prisms, m. p. 207° (Found : C, 
49:3; H, 41; N, 14:3. C,3H,,0,N,S requires C, 49-1; H, 3-8; N, 14-3%). 

(b) Diazotised p-aminobenzenesulphonamide was, coupled with resorcinol in alkaline solution, the conditions of 
Magidson and Rubtsov (loc. cit.) being strictly followed. The product was completely soluble in alcohol and in acetone 
and gave no depression in m. p. when mixed with the substance produced as in (a). Repetition of the experiment in 
presence of a large excess of sodium hydroxide gave a product, m. p. about 300°, sparingly soluble in alcohol. This was 
purified by precipitation from pyridine solution by the addition of alcohol [Found : N, 17-9. 4: 6-Bis-(4’-sulphonamido- 
benzeneazo)vesorcinol, CygH,4O4N Sq, requires N, 17-6%). 

2’:4 -Dihydroxybenzanilide.—(a) 4-Benzeneazoresorcinol 3-benzoate (12 g.) in 50% alcohol (500 ml.) was reduced 
by the gradual addition of sodium hydrosulphite whilst heating on a water-bath. On pouring into sodium chloride 
solution ( 1200 ml. of 20%) a white crystalline precipitate appeared, which was collected after 1 hour, washed, and dried. 
Recrystallisation from benzene gave fine needles, m. p. 193-5°; yield 87% (Found : C, 67-6; H, 5-1; N,6-05. C,3H,,03N 
requires C, 68-1; H, 4-85; N, 61%). The material gave no colour with ferric chloride and showed no tendency to 
oxidation when dissolved in sodium hydroxide solution. It was insoluble in dilute and concentrated hydrochloric acid 
and failed to react with a solution of p-dimethylaminobenzaldehyde in acid solution. The migration of a benzoyl radical 
from the phenolic hydroxyl to an amino-group in the o-position was suspected and this was proved by methylation of 
the compound with methyl sulphate in alkaline solution, a substance, m. p. 173-5°, being isolated. 2” : 4’-Dimethoxy- 
benzanilide, m. p. 173°, had previously been prepared by Bechhold (Ber., 1889, 22, 2377) by the action of benzoyl chloride 
on 4-aminoresorcinol dimethyl ether. 

(0) The reduction of 4-(4 -sulphonamidobenzeneazo)resorcinol 3-benzoate with sodium hydrosulphite as in (a) gave 
Paes (yield 93%), m. p. 193-5°, not depressed by 2’ : 4’-dihydroxybenzanilide obtained as above. The formation of 
in th ~dihydroxy benzanilide in this reaction indicated that the azo- and the benzoyloxy-group were ortho to one another 

€ starting material and this confirms the orientation of 4-(4’-sulphonamidobenzeneazo)resorcinol 3-benzoate and its 
Product of hydrolysis, 4-(4’-sulphonamidobenzeneazo)resorcinol. re 
‘ ) Reduction of 4-nitroresorcinol 3-benzoate in a similar manner again gave 2’ : 4’-dihydroxybenzanilide in fine 
eedles, m. p. 193-5°; yield 20%. The nitro-group must therefore be ortho to the benzoate and the result confirms the 
orlentation of 4-nitroresorcinol 3-benzoate. 
medncminoresorcinol 3-Benzoate.—6-Nitroresorcinol 3-benzoate (22-7 g:), suspended in 50% alcohol (300 ml.), was 
edhatic by the gradual addition of sodium hydrosulphite. The flocculent precipitate which appeared when the hot 
on was poured into sodium chloride solution (1500 ml. of 20%) was collected and recrystallised from alcohol in 
Presence of a trace of sodium hydrosulphite. The pure substance consisted of shining platelets, m. p. 177—178° (with 
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previous darkening) and was readily soluble in alcohol and acetone but sparingly soluble in benzene. Yield 58%. It 
was soluble in dilute acid and gave a diazo-coupling reaction. As migrations of groups similar to those noted above 
have not been encountered in derivatives of m- or p-aminophenols, and considering the directive influence of the hydroxy] 
group, the formation of the corresponding amine is in accord with the orientation of 6-nitroresorcinol 3-benzoate (Found : 
C, 68-1; H, 4-7; N, 5-9. C,3H,,0,;N requires C, 68-1;, H, 4-85; N, 61%). 

6-(4’-Acetamidobenzenesulphonamido)resorcinol 3-Benzoate.—4-Acetamidobenzenesulphonyl chloride (17-5 g.) in 
solution in i! acetone (125 ml.) was added to a solution of 6-aminoresorcinol 3-benzoate (17-4 g.) gaat ga (17 ml.) 
in acetone (125 ml.). After 15 minutes’ refluxing, the solution was acidified with acetic acid (25 ml.) and carefully 
diluted with water (350 ml.); after several hours a crystalline precipitate appeared. Recrystallisation from alcohol or 
50% acetic acid gave microscopic prisms, m. p. 206—207°.. Yield 88%. The compound was soluble in acetone and 
alcohol, sparingly soluble in benzene, insoluble in dilute hydrochloric acid, and failed to diazotise (Found: C, 59-2; 
H, 4:3. €,.H,.0,N,S requires C, 59-3; H, a0). ? 

4-(4’-A minobenzenesulphonamido)resorcinol.—The preceding compound (1-2 g.) was hydrolysed by refluxing for 2} 
hours in alcohol (16 ml.) containing dilute hydrochloric acid (16 ml. of 20%). The solution obtained on pouring into 
hydrochloric acid (100 ml. of 5%) was washed with ether to remove esters, neutralised with sodium bicarbonate, saturated 
with sodium chloride, and completely extracted with ether. Crystallisation from dilute alcohol gave needles, m. p. 176°. 
Yield, 32%. The substance was soluble in dilute acid, alcohol and acetone, but was only sparingly soluble in benzene. 
It gave a positive diazo-reaction (Found: C, 51-7; H, 4:7; N, 9-7. Cy,H,,0,N,S requires C, 51-4; H, 4:3; N, 10-0%). 

6-Nicotinamidoresorcinol 3-Benzoate.—Nicotinyl chloride hydrochloride (8-9 g.), prepared according to Spath and 
Spitzer (Ber., 1926, 59, 1479, 1482), was added to a solution of 6-aminoresorcinol 3-benzoate (10-5 g.) and pyridine 
(22 ml.) in dry acetone (50 ml.). After refluxing for 15 minutes, the solution was cooled, acidified with acetic acid 
(25 ml.), and diluted with water until precipitation commenced. After standing in the cold a fine crystalline precipitate 
(14-2 g.) appeared, which on recrystallisation from acetic acid or from alcohol melted at 212°. Yield 80%. The product 
was insoluble in benzene, sparingly soluble in alcohol and acetic acid and rather more so in acetone. It was freely 
_— 1 dilute alkali, giving a yellow coloration (Found: C, 67-9; H, 4:5; N, 8-4. CyH,,0O,N, requires C, 68-2; 

, 4 . 8-39 a 

Ra: | potassium hydroxide solution (17 ml. of 6%) was added to finely powdered 
6-nicotinylamidoresorcinol 3-benzoate (2 g.) suspended in alcohol (33 ml.), and the mixture shaken until a clear solution 
was formed. After 12 hours the dark olive-green solution was poured into dilute hydrochloric acid (200 ml. of 2%), 
and the solution neutralised with sodium bicarbonate and extracted with ether after saturation with sodium chloride. 
The ethereal solution was washed with water and with brine, and the solvent removed. The residue (0-77 g.), m. p. 
240—243°, was recrystallised from acetone, yielding needles, m. p. 243° (with previous charring). Yield 56% (Found: 
C, 62-6; H, 4-5; N, 12-2. C,,H,.O,N, requires C, 62-6; H, 4:35; N, 12-2 %). 
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110. Synthesis of Piperidine, Derivatives. Part I. 
By WILt1aAM Barr and J. W. Cook. 


Hydrogenation of y-cyano-esters in alcoholic solution with copper chromite has been found to give 
N-alkylpiperidines, in which the N-alkyl group is provided by the alcohol used as solvent. Similar alkylation 
occurs in the hydrogenation of phenylacetonitrile in ethanol, and the reaction has been extended to the synthesis, 
of a decahydroisoquinoline derivative (IV). 


In recent years much attention has been devoted to the production of synthetic drugs having antispasmodic 
or analgesic properties. With analgesics a major objective is a compound of suitable pharmacological action 
having no tendency to produce the drug addiction shown by morphine and similar substances (compare U.S. 
Public Health Reports, Supplement No. 138, Washington, 1938). Antispasmodics fall into two classes, viz., 
those preventing spasm by direct action on the muscle cell (¢.g., papaverine), and those preventing nervous 
stimulation of the muscle cell (e.g., atropine). It is useful to be able to treat spasm clinically without the need 
to determine in each case the mechanism by which it is produced, and compounds are now known which show 
the combined action of both types of antispasmodic (compare Raymond, J. Amer. Pharm. Assoc., 1943, 32, 
249; Blicke, Ann. Rev. Biochem., 1944, 18, 549). A compound which is claimed to be a potent antispasmodic 
and also a highly efficient analgesic is pethidine (ethyl 4-phenyl-1-methylpiperidine-4-carboxylate hydro- 
chloride; also termed dolantal, dolantin, or demerol). This compound, introduced by Eisleb and Schaumann 
(Deut. med. Wochenschr., 1939, 65, 967), has received extensive clinical use (see, ¢.g., Batterman, Arch. intern. 
Med., 1943, 71, 345; umann, Amer. J. Obstet. Gynec., 1944, 47, 93; Woolfe and Macdonald, J. Pharm. 
Exp. Ther., 1944, 80, 300). Contrary to early expectation, pethidine appears to resemble morphine in causing 
drug addiction (Hecht, Noth, and Yonkman, J. Amer. Med. Assoc., 1943, 121, 1307; Himmelsbach, J. Pharm. 
Exp. Ther., 1943, 79, 5). 

The pharmacological interest attaching to piperidine derivatives led us to investigate methods of synthesis 
of new compounds of this series, especially 3-arylpiperidines which are structurally related to pharmacologically 
active B-arylethylamines. While our experiments were in progress, Koelsch published a:series of papers on 
very similar lines (J. Amer. Chem. Soc., 1943, 65, 2093, 2458, 2459, 2460). However, our methods and results 
have some novel features, and certain substituted piperidines are obtained very simply by our procedure, 
which we wish therefore to record. More recently, Bergel e¢ al. (J., 1944, 261, 265, 269) have described other 
syntheses of piperidine derivatives of pharmacological interest. 

Koelsch’s synthetic method consisted essentially in the catalytic hydrogenation by Raney nickel of 
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+y-cyano-esters (type I) to «-piperidones (type II), followed by reduction with sodium and butyl alcohol, 
Appropriate y-cyano-esters were obtained by the Michael reaction, which we also used. It was found that hydro- 
genation in alcoholic solution, with Adkins’s copper-chromium oxide catalyst (‘‘ copper chromite ’’) led to 
further reduction of the intermediate a-piperidones (type II), and also alkylation by the solvent to tertiary 
amines (type III). For instance, in two operations, phenylacetonitrile and ethyl cinnamate were converted 
into 3 : 4-diphenyl-1-alkylpiperidines (III; R = Me, Et, or Bu), the alkyl group being determined by the solvent 
used for hydrogenation of the intermediate ethyl y-cyano-fy-diphenylbutyrate (I). 


CHPh 
PY Ph 


Ph Ph 
Hy HPh 
wr SF & 
¢ o” Xn R Me 
(I.) (II.) (III) (IV.) 


Copper chromite does not appear to have been used previously for the hydrogenation of nitriles. Indeed, 
Adkins and Connor (J. Amer. Chem. Soc., 1931, 58, 1094) state that “‘ the copper chromite catalyst is not 
active toward cyanides.’’ Probably the «-piperidone (II) is an intermediate (it was isolated when dioxan was 
used as a solvent), and the elimination of oxygen from such a structure accords with the known facility with 
which oxygen-containing groups are hydrogenated by copper chromite. That the products were tertiary 
and not secondary amines was shown by the failure to give acyl derivatives, by the formation of different 
products in different alcoholic solvents, and by the fact that they all differed from the two stereoisomeric 
3: 4-diphenylpiperidines (III; R = H) described by Koelsch (loc. cit.). Moreover, the m. p. of the product 
obtained by hydrogenation in methanol agrees with that given by Koelsch for the N-methyl derivative of one 
of his stereoisomerides. When hydrogenation of (I) was carried out in dioxan solution there was obtained 
3: 4-diphenyl-1-ethylpiperidine (III; R = Et) in addition to the «-piperidone (II). Evidently alkylation 
takes place with such ease that the small amount of alcohol formed during the reduction and cyclisation of the 
ester (I) suffices. Alkylation of other amines by alcohols and catalysts has been reported (compare Schwoegler 
and Adkins, J. Amer. Chem. Soc., 1939, 61, 3499), and it was also observed in the hydrogenation of phenyl- 
acetonitrile in ethanol by copper chromite. This gave a mixture of 8-phenyltriethylamine and bis-(8-phenyl- 
ethyljethylamine. Compounds of the latter type are powerful antispasmodics (Kiilz, Rosenmund, e¢ al., 
Ber., 1939, 72, 19, 2161; compare Blicke e¢ al., J. Amer. Chem. Soc., 1939, 61, 91, 93, 771). . 

By hydrogenation of suitable y-cyano-esters with copper chromite we have also prepared 4-phenyl-3-p- 
anisyl-1-ethylpiperidine, 4-carbethoxy-3-phenyl-1-ethylpiperidine, 3-phenyl-3-y-ethoxypropyl-1-ethylpiperidine, and 
4-phenyl-1-methyl-2-ethyldecahydroisoquinoline (IV). 

The pharmacological examination of some of our new bases will be reported elsewhere. Derivatives of 3- 
and 4-arylpiperidines have been found already to have antispasmodic activity (Fellows and Cunningham, 
Federation Proc., 1942, 1, 151; Eisleb, U.S.P., 2,248,018). 


EXPERIMENTAL, 


_ Ethyl y-Cyano-By-diphenylbutyrate (I).—(a) The Michael reaction between phenylacetonitrile (80 g.) and ethyl 
cinnamate (120 g.) in presence of pure sodium hydroxide (28 g.) (2 hours’ heating at 100°) (compare Avery and McDole, 
J. Amer. Chem. Soc., 1908, 30, 596) gave ethyl y-cyano-fy-diphenylbutyrate, m. p. 98—99° (68 g.), a benzene-soluble 
cyano-acid, m. p. 154—156° (raised to 163° by recrystallisation) (65 g.), and the benzene-insoluble y-amido-By-diphenyl- 
butyric acid, m. p. 205° (24 g)- The amido-acid, when heated above its m. p., gave af-diphenylglutarimide, m. p. 
221—223° (Found: C, 77-0; H, 5-5; N, 5-7. Calc. for C,,H,,;0,N : C, 77-0; H, 5-7; N, 53%) (compare Avery and 
Maclay, ibid., 1929, §1, 2833). 

(6) Condensation of phenylacetonitrile (100 g.) with ethyl cinnamate (150 g.) by sodium ethoxide (14 g.) in ethanol 
(100 c.c.), without cooling, gave ethyl y-cyano-By-diphenylbutyrate, m. p. 99° after crystallisation from industrial 
alcohol (80% yield). Concentration of the mother-liquors gave a solid which, after crystallisation from acetone, formed 
colourless prisms, m. p. 207—208°. This was evidently ethyl 4-cyano-3 : 4 : 5-triphenylcyclohexanone-2-carboxylate, 
formed from 1 mol. of phenylacetonitrile and 2 mols. of ethyl cinnamate (Found : C, 79-55; H, 5-8; N, 3-2. C,,H,,0,N 
requires C, 79-4; H, 6-15; N, 33%). A similar product has been described by Avery (ibid., 1928, 50, 2512). The 
resin obtained by evaporation of the mother-liquors from which this solid was isolated gave, by hydrolysis with boiling 
alcoholic potash, the amido-acid, m. p. 205°, mentioned under (a). : 

, his procedure for the Michael reaction was much more satisfactory for the preparation of the cyano-ester, m. p. 
99°, than that of Koelsch (ibid., 1943, 65, 438), who obtained this ester in much smaller yield (39%), together with a 
stereoisomeric cyano-ester (m. p. 59—60°) which we have not encountered. . 

Ethyl y-cyano-By-diphenylbutyrate was hydrolysed by alcoholic potash to the cyano-acid, m. p. 163-5° (Avery, 
loc. cit.), which was hydrolysed further by concentrated sulphuric acid (12 parts) at room temperature (3 days). The 
product (m. p. ca. 180°) gave, by crystallisation from acetic acid or alcohol, fine colourless needles, m. p. 225° (decomp.), 
of y-amido-By-diphenylbutyric acid, stereoisomeric with that described above (Found: C, 72-3; H, 6-2; N, 4-9. C,,H,,O,N 
requires C, 72-1; H, 6-0; N, 495%). 

Ethyl 8-Acetamido-By-diphenylvalerate—Hydrogenation of ethyl y-cyano-fy-diphenylbutyrate (5 g.) in acetic 
anhydride (100 c.c.) with grey yh we goer 3 catalyst (0-1 g.) was slow and incomplete. After 6 days the acetic anhydride 
was decomposed with ice and dilute sodium hydroxide. Recrystallisation of the resulting solid from ethanol gave 
unchanged cyano-ester and the more soluble ethyl 8-acetamido-By-diphenylvalerate, which formed a colourless micro- 
crystalline powder, m. p. 74—75° (Found: C, 73-7; H, 7-3; N, 4:3. C,,H,,O,N requires C, 74-3; H, 7-4; N, 41%). 
The hydrochloride of the corresponding amino-acid has been described by Avery and McDole (ibid., 1908, 30, 1425). 

Stereoisomeric 3 : 4-Diphenyl-1-ethylpiperidines (III; R = Et.).—A solution of ethyl y-cyano-fy-diphenylbutyrate, 
m. p. 99° (I; 20 g.) in ethanol (250 c.c.) was agitated with hydrogen and copper chromite (Connor, Folkers, and Adkins, 
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ibid., 1932, 54, 1138) (6 g.) at 200° and 175 atm. for 2 hours. The filtered solution was concentrated and poured into 
dilute hydrochloric acid, and the small amount of neutral product was extracted with ether. The acid solution was 
made alkaline, and the basic products (obtained in 95% yield) were extracted with ether. The oil remaining after 
distillation of the ether was dissolved in dilute ethanol. The solution deposited crystals (8 g.) of 3 : 4-diphenyl-1-ethyl- 
piperidine-A, which, after several recrystallisations from ethanol, formed colourless prisms, m. p. 71° (Found : C, 85-9; 
H, 8-4; N, 5-6. C,,H,,N requires C, 86-0; H, 8-7; N, 5-3%). The oil obtained by dilution of the mother-liquors was 
distilled (b. p. 153—157°/1 mm.), dissolved in ether, and the solution treated with alcoholic hydrogen chloride. The 
precipitated hydrochloride was recrystallised from ethanol-ether, giving colourless needles of the hydrochloride, m. p. 
273°, of 3: 4-diphenyl-l-ethylpiperidine-B (Found: C, 76-3; H, 7-9; N, 4-7. Cy gH,,NCl requires C, 75-5; H, 7-95; 
N, 46%). This hydrochloride, which was sparingly soluble in hot water, was treated with alkali, and the base distilled. 
3 : 4-Diphenyl-1-ethylpiperidine-B (4 g.) formed a colourless liquid, b. p. 155°/1 mm., which crystallised on standing 
and then had m. p. 30° (Found : C, 85-9; H, 8-55; N, 5-1. C,,H,,N requires C, 86-0; H, 8-7; N, 5-3%). 

The hydrochloride of 3 : 4-diphenyl-1-ethylpiperidine-A, was prepared from the pure base as described for the isomeride. 
It crystallised from water in colourless needles, m. p. 268° (decomp.), and was more soluble than its isomeride (Found: 
C, 75-8; H, 7-8; N, 4:7. CygH,,NCl requires C, 75-5; H, 7-95; N, 46%). The chloroplatinate formed an orange, 
microcrystalline powder (from ethanol containing hydrochloric acid), m. p. 148—151° [Found: C, 48-7; H, 5-0; Pt, 
20-25. (Cy ,H.3N),H,PtCl, requires C, 48-5; H, 5-1; Pt, 20-7%]. 3: 4-Diphenyl-l-ethylpiperidine-A was recovered 
unchanged after treatment with boiling acetic anhydride, with benzoyl chloride in pyridine, and with benzenesulphony| 
chloride and aqueous alkali. With methyl iodide in boiling benzene it gave, in 90% yield, 3 : 4-diphenyl-1-methyl-|- 
ethylpiperidinium iodide as a colourless crystalline powder (from acetone-ethanol—ether), m. p. 209—-210° (Found: C, 
59-5; H, 6-2. C,9H.,NI requires C, 59-0; H, 6-4%). 

When dioxan was used as the solvent in the hydrogenation of ethyl y-cyano-By-diphenylbutyrate with copper chromite 
there was obtained an oil which deposited a small amount of colourless needles, m. p. 192—193°, insoluble in dilute 
acid. This agrees with the m. p. given by Koelsch (loc. cit., p. 2094) for his a-form * of 4 : 5-diphenyl-2-piperidone (I) 
(Found: C, 81-6; H, 6-7. Calc. for C,,H,,ON: C, 81-3; H, 68%). In another experiment in dioxan the basic 
hydrogenation product (only 20% yield) was an oil which, on standing, deposited some crystals, m. p. 30—32°. The 
major portion did not crystallise, and was treated with ethanolic hydrogen chloride in ethereal solution. This gave the 
hydrochloride, m. p. 268°, of 3 : 4-diphenyl-l-ethylpiperidine (Found: C, 75-7; H, 7-8; N, 46%). 

; 3 : 4-Diphenyl-1-ethylpiperidine-A (m. p. 68°) was also formed by hydrogenation of af-diphenylglutarimide in ethanol 
with copper chromite at 200° and 200 atm. It was identified by mixed m. p. determinations, both of the base and its 
picrate, m. p. 213°. 

3 : 4-Diphenyl-1-methylpiperidine (III; R = Me).—This was obtained by hydrogenation of the cyano-ester (I; 
10 g.) in methanol (250 c.c.) with copper chromite (2 g.) for 2 hours at 200° and 180 atm. The crystalline base (4 g.) 
had m. p. 80—81° in agreement with the value given by Koelsch (Joc. cit., p. 2095) for the compound obtained by methy]- 
ation of his a-3 : 4-diphenylpiperidine (Found : C, 86-1; H, 8-4. Calc. for C,,H,,N: C, 86-1; H, 8-4%). 

3 : 4-Diphenyl-1-n-butylpiperidine (III; R = Bu).—This was formed by hydrogenation of the cyano-ester (I) (10 g.), 
in n-butanol (250 c.c.) under the usual conditions. The base, obtained in 50% yield, formed colourless elongated plates, 
m. p. 58—§9° (from ethanol) (Found: C, 86-15; H, 9-2; H, 4-9. C,,H,,N requires C, 86-0; H, 9-2; N, 48%), and 
gave a hydrochloride which crystallised from ethanol—ether and then water in colourless needles, m. p. 211—212° (Found: 

_C, 76-65; H, 8-45. C,,H,,NCl requires C, 76-4; H, 8-6%). 

4-Phenyl-3-p-anisyl-1-ethylpiperidine —Condensation of p-methoxyphenylacetonitrile (Kindler and Peschke, Arch. 
Pharm., 1933, 271, 431) and ethyl cinnamate by sodium ethoxide (compare Koelsch, ibid., p. 439) gave in nearly theoretical 
yield ethyl y-cyano-B-phenyl-y-p-anisylbutyrate as colourless needles (from methanol), m. p. 85° (Found: C, 74-5; H, 
6-6. C.9H,,0O,N requires C, 74:3; H, 65%). By alkaline hydrolysis the corresponding cyano-acid was obtained as 
fine colourless needles (from aqueous acetic acid), m. p. 197—198° (Found: C, 73-3; H, 5-9. C,,H,,0,N requires C, 

73-2; H, 58%). Hydrogenation of the ester (20 g.) in ethanol (250 c.c.) with copper chromite (5 g.) under the usual 
conditions gave, in 55% yield, 4-phenyl-3-p-anisyl-1-ethylpiperidine as colourless prisms (from ethanol), m. p. 57° (Found: 
C, 81-2; H, 8-3; N, 4-8. C, 9H,,ON requires C, 81-4; H, 8-5; N,4°75%). The hydrochloride formed colourless prismatic 
needles (from ethanol—ether), m. p. 238° (Found: C, 72:3; H, 8-1. Cy9H,gONCl requires C, 72-3; H, 7-85%). 

4-Carbethoxy-3-phenyl-1-ethylpiperidine.—The following procedure for the Michael condensation of ethyl maleate 
with phenylacetonitrile gave ethyl y-cyano-y-phenylmethylsuccinate in 75% yield, which is considerably higher than 
that (46—58%) reported by Koelsch (loc. cit., p. 438) : A solution of sodium ethoxide (1 g. of sodium in 20 c.c. of ethanol) 
was added in small portions to a mixture of ethyl maleate (90 g.) and phenylacetonitrile (60 g.) in a well-lagged flask. 
Heat was evolved, and each new addition of sodium ethoxide was made when the temperature began to fall. The mixture 
was kept for 36 hours, poured into water, and the product extracted with ether and distilled (b. p. 185°/1 mm.). 

A solution of ethyl y-cyano-y-phenylmethylsuccinate in ethanol was hydrogenated with copper chromite under the 
conditions already described. The product was a mixture of the neutral a-4-carbethoxy-5-phenyl-2-piperidone, m. p. 
162—163°, described by Koelsch (loc. cit., p. 2095), and the basic 4-carbethoxy-3-phenyl-1-ethylpiperidine, which formed 
a colourless liquid, b. p. 102°/0-4 mm. (Found: C, 73-5; H, 9-2; N, 5-25. C,,H,,0,N requires C, 73-6; H, 8-9; N, 
5-4%). This base has a structural resemblance to pethidine. When hydrogenation was carried out in methanol solution 
only a small yield of basic product was obtained. 

3-Phenyl-3-y-ethoxypropyl-1-ethylpiperidine—A solution of y-cyano-y-phenylpimelonitrile (20 g.) (from phenyl- 
acetonitrile and acrylonitrile; Bruson and Riener, J. Amer. Chem. Soc., 1943, 65, 23) in ethanol (400 ¢.c.) saturated 
with hydrogen chloride was kept at room temperature overnight, during which ammonium chloride crystallised, and was 
then boiled for an hour. The resulting ethyl y-cyano-y-phenylpimelate (22-5 g.) formed a colourless liquid, b. p. 162°/0-4 
mm. (Found: C, 68-3; H, 7-1; N, 4-7. C,,H,,0,N requires C, 68-1; H, 7:25; N, 44%). The base formed by hydro- 
genation of this ester (10 g.) in ethanol (250 c.c.) with copper chromite (4 g.) at 200° and 180 atm. (3 hours) formed a 
colourless viscous liquid (5-5 g.), b. p. 126°/0-4 mm. Analysis indicated that it is 3-phenyl-3-y-ethoxypropyl-1-ethyl- 
piperidine (Found: C, 78-3; H, 10-8; N, 5-3. C,,H,,ON requires C, 78-6; H, 10-5; N, 5-1%). 

4-Phenyl-1-methyl-2-ethyldecahydroisoquinoline (IV).—A solution of sodium ethoxide (from 4 g. of sodium and 80 
c.c. of ethanol) was added gradually to a mixture of l-acetyl-A!-cyclohexene (Darzens, Compt. rend., 1910, 150, 709) 
(20 g.) and phenylacetonitrile (20 g.). After being kept at room temperature for 4 hours the mass was poured into 10% 
hydrochloric acid (250 c.c.). The resulting a-2-acetylcyclohexylphenylacetonitrile crystallised from ethanol in colourless 
rhombs (22-5 g.), m. p. 120° (Found : C, 80-3; H, 7-9; N, 5-9. C,,H,,ON requires C, 79-7; H, 7-9; N,5-8%). Hydro- 
genation of this nitrile (10 g.) in ethanol (500 c.c.) with copper chromite (3 g.) at 200° and 160 atm. (2 hours) gave 4 
colourless liquid base (9-5 g.), b. p. 135°/1 mm., the composition of which corresponded with structure (IV) (Found : 
C, 84-2; H, 10-4; N, 5-6. C,,H,,N requires C, 84:1; H, 10-5; N, 5-45%). It gave a picrate, m. p. 187—190° (from 
benzene-ethanol) (Found : C, 59-4; H, 6-3; N, 11-4. C,,H,,N,C,H,O,N, requires C, 59-3; H, 6-2; N, 11-5%). 


* This was recently shown td have the cis-configuration (Koelsch and Raffauf, J. Amer. Chem. Soc., 1944, 66, 1857). 
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Hydrogenation of Phenylacetonitrile——(a) A solution of the nitrile (20 g.) in ethanol (300 c.c.) was hydrogenated with 
copper chromite (5 g.) at 200° and 160 atm. The filtered solution was concentrated, and the basic products were ex- 
tracted with dilute hydrochloric acid, and liberated from the acid extract by means of sodium hydroxide. The mixture 
of bases thus obtained was distilled into 2 fractions having b. p. 100—110°/10 mm. (16-2 g.) and b. p. 140—150°/0-4 mm. 
(5-3 g.). From the former was obtained, in good yield, the picrate, m. p. 94°, of B-phenyltriethylamine. This formed 
long, canary-yellow, prismatic needles (from ethanol) (Found: C, 53-3; H, 5-5; N, 13-7. C,,H,,O,N, requires C, 
53-2; H, 5-5; N, 13-8%). Addition of ethanolic hydrogen chloride to an ethereal solution of some of the higher-boiling 
fraction gave a small amount of a sparingly soluble hydrochloride, m. p. 240—255°, after sintering. This was derived 
from a minor constituent and was not obtained by similar treatment of the base recovered from the pure picrate [compare 
(b) below]. This high-boiling fraction (1-1 g.) gave with ethanolic picric acid the picrate (1-7 g.) of bis-(8-phenylethyl)- 
ethylamine. This picrate formed lemon-yellow rhombic needles, m. p. 121—122° (Found: C, 59-9; H, 5-3; N, 11-7. 
CogHy¢O2N, requires C, 59-7; H, 5-4; N, 11-6%), and the base recovered from it formed a hydrochloride, m. p. 134— 
136° (Kiilz et al., Ber., 1939, 72, 2161, and Blicke and Zientz, J. Amer. Chem. Soc., 1939, 61, 773, give m. p. 137°). The 
formation of these two principal products of hydrogenation was confirmed by repetition of the experiment. 

(b) Another hydrogenation of phenylacetonitrile was carried out in the same manner, except that half of the ethanol 
was replaced by ethyl acetate. The basic products were distilled at 11 mm. into 2 fractions, b. p. 103—107° (5-7 g.) 
and 176—183° (3-6 g.) Addition of ethanolic hydrogen chloride to an ethereal solution of the former precipitated a 
colourless crystalline hydrochloride, m. p. 183—184°, easily soluble in water but obtained crystalline by addition of ether 
to its solution in ethanol. Analysis indicated that this was the hydrochloride of B-phenyldiethylamine (Found: C, 
64-9; H, 8-5; N, 7-7. CygH,,NCl requires C, 64-6; H, 8-7; N, 7-5%). The picrate prepared from this had m. p. 
131—132°. The higher-boiling fraction gave, with dilute hydrochloric acid, a sparingly soluble hydrochloride which 
crystallised from water in colourless plates, m. p. 262—263°. This same hydrochloride (2 g.) had already been obtained 
in the extraction of the bases from the crude products of hydrogenation. Them. p. of the salt is in approximate agree- 
ment with the value (268—269°) given by Buth, Kiilz, and Rosenmund (Ber., 1939, 72, 24) for the m. p. of the hydro- 
chloride of bis-(8-phenylethyl)amine. The analysis of our specimen was not in accord with this view of its structure 
(Found: C, 74-5; H, 8-2; N, 4-8. Calc. for C,,H, NCI: C, 73-4; H, 7-65; N, 5-4%), but the base regenerated from 
the pure hydrochloride formed a picvate which crystallised from ethanol in short, orange needles, m. p. 151—152° 
and gave satisfactory analytical figures (Found: C, 58-4; H, 5-3; N, 12-8. C,,H,.O,N, requires C, 58-1; H, 4-9; 
N, 12-3%). 

It a from these results that dilution of the solvent ethanol with ethyl acetate in the hydrogenation of phenyl- 
acetonitrile over copper chromite, hinders ethylation of the resulting amines. 


We are grateful to Imperial Chemical Industries Ltd. (Dyestuffs Division) for financial provision which has enabled 
one of us (W. B.) to carry out the experiments here recorded. All analyses were microanalyses by Mr. J. M. L. Cameron. 


UNIVERSITY OF GLASGOW. [Received, February 19th, 1945.] 





111. Absorption Spectra of Acridines. Part II. Monoaminoacridines. 


By N. H. TURNBULL. 


In Part I (Craig and Short, this vol., p. 419) were reported the visible absorption spectra, in aqueous solvents 
at three pH values, of acridine and the five isomeric monoaminoacridines, showing severally, where formed, the 
bivalent ion, the univalent ion, and the undissociated base. This work has now been extended to the ultra- 
violet under similar conditions, and the results are presented in Figs. 1—6. It is seen that those isomerides 
which have evinced the greatest biological activity (Rubbo, Albert, and Maxwell, Brit. J. Exp. Path., 1942, 28, 
69) also exhibit the greatest spectrographic individuality. 


WATERMAN and HarBERTs (Bull. Soc. chim., 1936, 3, 643) and de Borst, Heertjes, and Waterman (ibid., 1938, 
5, 888) showed that aniline, p-toluidine, and benzidine, although absorbing at longer wave-lengths than the 
parent hydrocarbons, assume the spectra of these when made into hydrochlorides. This coincides with current 
knowledge that when an aromatic amino-nitrogen atom becomes quaternary, all structures involving a double 
bond between the nitrogen atom and the ring carbon atom cease to exist and their contribution to the resonance 
hybrid is lost. This change is evidently reflected in a reversion to the spectrum characteristic of the unsub- 
stituted structure. 

A similar effect may be seen in the aminoacridines in spite of the presence of two basic centres. From the 
electrometric studies of Albert and Goldacre (J., 1943, 454), it is evident that the curves marked “ pH 11” 
represent the free base in each case, those marked “‘ pH 2-5’ depict mainly the univalent ions, and any major 
change between the latter curves and those obtained in 5Nn-hydrochloric acid is a result of the formation of 
bivalent ions. 

It will be seen that the absorption maxima of the bivalent ions of 1-, 3-, and 4-aminoacridines coincide with 
those of acridine hydrochloride, whereas those of the univalent ions of these bases are displaced to longer 
wave-lengths. It is concluded that, in the shift from uni- to bi-valent ions, the amino-group in each substance 
accepts a proton and thereby ceases to affect the absorption spectrum. This confirms the conception (Part I) 
that these aminoacridines accept their first proton on the ring nitrogen atom. Supporting evidence is seen in 
the change from the spectra of the undissociated bases to those of the univalent ions, which is bathochromic, 
both in the visible and in the 2500—3100 a. region, just as is the case with the change from acridine to the 
acridinium ion. 

2- and 5-Aminoacridines, which possess outstanding biological activity, depart from the above spectro- 
graphic pattern. 2-Aminoacridine absorbs very much as the 1-, 3-, and 4-isomerides but is seen to achieve 
only partial formation of the bivalent ion in 5Nn-hydrochloric acid (cf. also Part I), thus providing further 
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evidence of the extra ionic resonance of the monoacid ion (cf. Albert and Goldacre, loc. cit.; Albert and Ritchie, 
J., 1943, 458). The spectra of 5-aminoacridine are, collectively, very different from those of the other iso- 
merides, and this individuality may be connected with the suggested formulation of the base as 5-iminoacridane. 
The change in absorption on passing from the ion to the undissociated base is remarkably small and, in agree- 
ment with the postulate of a high degree of extra resonance for the univalent ion (Albert and Goldacre, /oc. cit.), 
no spectroscopic evidence for the formation of a dihydrochloride could be found. 
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EXPERIMENTAL. 


A Hilger Medium Quartz Spectrograph (E 498) with Spekker photometer was used with a condensed tungsten-steel 
spark, e curves labelled ‘‘ pH 2-5” were obtained in oxalic acid—potassium hydroxide buffer containing 66% v/v 
of methanol and adjusted to give a reading of pH 2-5 with a glass electrode (uncorrected for effect of alcohol). - This 
buffer shows some absorption at wave-lengths less than 2600. The curves labelled ‘‘pH 11” were obtained in a 
sodium carbonate—borax buffer of pH 11, diluted with methanol to contain 34% v/v of the latter. 
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The author is indebted to Dr. Adrien Albert who suggested this work, provided the samples used, and gave invaluable 
advice and assistance. Thanks are also due to the Directors of Nicholas Pty. Ltd. who have generously provided facilities 


and materials. 
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412. The Course of Autoxidation Reactions in Polyisoprenes and Allied Compounds. 
Part IX. The Primary Thermal Oxidation Product of Ethyl Linoleate. 


By J. L. BoLtanp and H. P. Kocn. 


The primary produet of the thermal reaction between ethy! linoleate and molecular oxygen is a mono- 
hydroperoxide which is shown by spectrographic analysis to contain at least 70% of conjugated diene isomers 
resulting from rearrangement of the unsaturated system -C:C-C-C:C-. One of the first decomposition products 
appears to be ketonic according to similar evidence. The observed displacement of double bonds can be 
accounted for by a free-radical mechanism of oxidation. 


In Part IV (Farmer and Sutton, J., 1943, 119) it was reported that the photo-oxidation of methyl oleate gives 
rise to an unsaturated hydroperoxide which can be isolated from unchanged ester by selective adsorption on 
alumina; and it was subsequently demonstrated by spectrographic measurements (Part VII, Farmer, Koch, 
and Sutton, ibid., p. 541) that conjugated diene and triene units are formed during the thermal peroxidation 
of more highly unsaturated esters of the drying-oil type, CHR, -CH-CH,CH:CH-CH,-CH:CHRg. Quantitative 
chromatographic and absorption-spectra analysis has since been ‘ 

employed in the investigation of the course of thermal oxygen- Hthyt Unelosts spectre. 

ation of ethyl linoleate (I), and the nature of the primary reaction 
product is now described. 

Chemical Examination.—Pure ethyl linoleate and oxygen gas 
react readily on shaking in the dark at 45°, and the extent of 
peroxidation as determined iodometrically (Dastur and Lea, 
Analyst, 1941, 66, 90) is in satisfactory agreement with accurate 
volumetric measurements of oxygen absorption at intakes lower 
than 4%. Peroxidised samples withdrawn during these early 
stages Of oxidation evolve one molar volume of methane per 
mole of incorporated oxygen in high-vacuum Zerewitinoff deter- 
minations, indicating that all the primary oxygen groups formed 
are hydroperoxidic. Furthermore, by chromatographic adsorp- 
tion of the peroxide from a known weight of oxidised material 
in light petroleum solution, followed by weighing of the un- 
oxidised ester in the eluate, it can be shown that only one such 
hydroperoxide group is present in each of the adsorbed oxygen- 
ated molecules. It must therefore be assumed on the basis of 
the chemical evidence alone that the primary oxidation product 
of ethyl linoleate (I) is a monohydroperoxide. 

Ultra-violet Spectra.—The absorption curves of pure ethyl 
linoleate, two oxidised samples, and the chromatographically 
recovered unchanged ester (all in alcoholic solution) are plotted 
in the accompanying figure. The most characteristic feature of 
the spectra given by the oxidised samples, apart from weak 
selective absorption near 2750 A., is the intense band at 2315 a4., 1. Pure starting material. 
which is removed by adsorption on alumina and must therefore 2. 4 fter 16% oxygen absorption. 
be associated with the peroxido-ester presentin thesamples. By 3. ,, 54% oxygen absorption. 
allowing for the feeble absorption of unchanged ester at 2315 a. 4 +» chromatographic removal of oxygenated 
(E}%, = 1-25), the maximum molecular extinction coefficient of fraction. 
ethyl linoleate peroxide can be calculated from the expression ¢« = 32(100 + m)[(log I9/I) max, — 1:25lc/10)/mlc, 
where m is the oxygen intake per 100 g. of starting material, and c the total solute concentration (in g./l.) of 
the spectroscopic solution contained in a cell of /cm. length. This ¢ value was obtained from the spectra of 
a number of independently autoxidised samples, and the results are in Table I. 








TABLE I. 
Oxygen intake (%) .......cccceeceeee 0-431 0-629 1-20 195* 2-6 3-3 1l6¢ 265¢ 54t 
mx. Of oxidation product ............ 22,900 23,000 22,300 22,500 21,100 18,000 22,100 20,000 15,900 


* Reaction vessel packed with glass fragments. 
¢ Results of preliminary runs (cf. Experimental). 


Up to an oxygen intake of about 2% the extinction coefficient is reproducible within the limits of error of 
the spectrographic assay, so that its average value of 22,700 ¢an be regarded as a characteristic constant of 
ethyl linoleate peroxide formed during thermal oxygetiation. The subsequent decline from this figure may be 
due to the onset of secondary intermolecular or peroxide decay reactions. 

Analysis of 2315 a. Absorption Intensity.—It was reported in Part VII that a typical mono-olefinic hydro- 
peroxide such as that of cyclohexene does not display high-intensity absorption in the ultra-violet which is 
exclusively characteristic of conjugated unsaturated centres. The peroxido-ester band at 2315 a. must there- 


fore be due to a rearrangement of double bonds into conjugation, and it may be compared in Table II with thé 
HH 
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bands of analogous terminally disubstituted butadienes in alcoholic solution. Clearly, the extinction maximum 
of the ester hydroperoxide is located in the wave-length region typical of six similar conjugated linoleic com- 
pounds, while the smaller hexadiene molecules exhibit maxima at slightly higher frequencies. The presence 
of the hydroperoxide group on a carbon atom adjoining the conjugated system would not be expected to affect 
the position of this typical diene band, an assumption that is borne out by the spectrum of cyclohexene hydro- 
peroxide in which the olefinic and peroxidic absorptions are roughly additive (Koch, unpublished observation), 
and further supported by the negligible effect of 1 : 6-oxy-substitution on the absorption wave-length of 2 : 4- 
hexadiene given inthe table. The close similarity of the band position of the peroxido-ester to that of analogous 
conjugated linoleates. is therefore not surprising. 


TABLE II. 
Constitution of diene. Amax. (A.). €maz.- Ref. 

Ethyl linoleate < + mendes bacadoeesetesanees ces 2315 22,700 This paper 
PEA GOEL 65 9x6: 55s cecbeceedadedeccseecewce seeeee 2325 32,000 4 
‘A292 *A-Phetinyl TMG] 22-000 cee cccces ccvcsecvcees coe vcccestee 2325 29,700 
MINED MEE, ces cceses csp coscerintscdspensssecnecesecese 2325 32,500 
POP MNIN | Gidin wine duccdcascagnastaanepaindctecanain 2325 26,600 

a a pee niasevaep ene wed peesannstyen cheats cetier 2300 ~33,000 } 
Alkali-isomerised potassium linoleate 2340 24,400 2 
2 : 4-Hexadiene ...... PE a Re ere ae 2270 22,500 * 
1 : 6-Diethoxy-2 : 4-hexadiene . se-cctga ihesessosben 2280 26,800 
1 : 6-Diacetoxy-2 : 4- hexadiene ......... ¥ j 2280 27,300 


1 Measured in hexane. According to Booker et al. ‘tn cit.) ane intensities are frequently somewhat higher in 
hexane than in alcohol. * The linoleate is measured as a charged anion after heating with strong alkali which appears 
to have a gradual destructive effect superimposed on its isomerising agency. Our previous assumption (Part VII) 
‘that the maximum E??* value recorded by Mitchell e¢ al. corresponds to the presence of 100% conjugated diene may 
therefore be inaccurate, and the calculated ¢ = 24,400 value low. It is, moreover, subject to the uncertain ‘‘ solvent 
effect ’’ of the highly polar medium in which the measurements are made. 3 Probably low, owing to doubtful purity 
of the specimen (cf. Booker e¢ al., loc. cit., p. 1461). * Kerns, Belkengren, Clark, and Miller, J. Opt. Soc. Amer., 1941, 
$1, 271. 5 Van der Hulst, Rec. Trav. chim., 1935, 54, 639. * Mitchell, Kraybill, and Zscheile, Ind. Eng. Chem. 
Anal., 1943, 15, 1. 7 Booker, Evans, and Gillam, J., 1940, 1453. 

As regards the ¢ values recorded in the table, the maximum intensity of the linoleate hydroperoxide absorp- 
tion at 2315 a. appears to be unduly low if full conjugation is to be assumed, and the inconsistencies of the 
data from Kerns’s laboratory—all obtained with extensively purified materials by an accurate photoelectric 
method—are rather unexpected. The extinction coefficient of a conjugated diene in this spectral region 
depends on the dipole moment of the excited state and may therefore be affected by changes in either the 
length or the charge of the dipole involved. Since the constitutional distinctions between the four linoleic 
compounds of Kerns et al. are all due to chemical modifications at carbon atoms far removed from the chromo- 
phoric centre, alterations of dipole charge could hardly occur, but spatial differences might be responsible for 
the observed intensity variations. Butadiene itself, in fact, is known at room temperature to consist of an 
equilibrium mixture of single-bond cis- and trans-isomers, in which the predominating and more elongated 
s-tvans- displays considerably greater absorption near 2200 a. than the s-cis-form (Rasmussen, Tunnicliff, and 
Brattain, J. Chem. Physics, 1943, 9, 432; Sugden and Walsh, Trans. Faraday Soc., 1945, 41, 76). In the 
absence of other evidence, however, and in view of the relatively high intensities of the 1 : 6-oxy-substituted 
hexadienes, it is difficult to see why the extinction coefficient of a fully conjugated peroxido-linoleate should 
be lower than that of all the other compounds under discussion. The most probable conclusion would there- 
fore be that the conjugative displacement of double bonds has been incomplete. If the range of ¢ values 
obtained by Kerns et al. is taken as a theoretical standard of extinction for a pure compound of this type, the 
linoleate oxidation product appears to contain between 70 and 85% of conjugated isomers. Although this 
estimate cannot be made more precise, a rearrangement of about 70% must be regarded as the minimum 
allowed by the available evidence, since diene intensities larger than 32,500 are unknown and not to be expected 
(Booker, Evans, and Gillam, loc. cit.; Koch, Chem. and Ind., 1942, 61, 273). 

Course of Autoxidation Reaction.—On the basis of the free-radical mechanism of oxidation suggested in 
Part VII, oxidative attack at the active methylene group of ethyl linoleate (I) results in the formation of a 
free radical (II), which is a resonance hybrid composed of the three equivalent canonical structures (a)—(c). 
The hydroperoxidic product (III) derived from the radical would then be expected to contain the three isomeric 
forms (A)—(C). Quantitatively, 67% conjugation will result if these three are produced in equal amounts, 


CHR, :CH-CH:CH-CHR, (a) —> CHR,!CH-CH:CH-CH(OOH)R, (4) 
CH,[CH,],°CH:CH-CH,-CH:CH-[CH,],CO,Et ->4 CHR,:CH-CH-CH:CHR, () —> CHR,!CH-CH(OOH)-CH:CHR, (8) 
(I.) CHR, CH.CH-CH:CHR, (c) —> CHR, (OOH)-CH:CH-CH:CHR, (C) 

(III.) 


but if the conjugated forms (A) and (C) are favoured owing to their resonance energy, up to 100% conjugation 
might occur. It is not possible to distinguish between these possibilities on the above experimental evidence 
which characterises the primary oxidation product as a monohydroperoxide at least 70% conjugated. The 
postulated intermediate formation of a free radical of type (II) is also in accord with kinetic evidence (Bolland, 
Proc. Roy. Soc., A, in the press). 
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Spectral Evidence of Decomposition.—The absorption curves of all the thermally autoxidised samples show 
a well-defined shoulder at 2750 a. which is absent from pure mono-olefin peroxide spectra and cannot be 
attributed to triene conjugation since no fine structure is revealed even on careful inspection of the photo- 
graphic records (cf. Fig. 2 in Part VII). The intensity of this band increases markedly on keeping the per- 
oxidised ester for some time at 45° in a vacuum and is evidently associated with a small amount of secondary 
decomposition product. The absorption region in question is that typical of conjugated diene ketones; thus, 
the spectrum of crotonylideneacetone, CH,-CH:CH-CH:CH-CO-CH,, displays a broad and intense maximum 
near 2730 a. (Jones and Lahey, Chem. Abs., 1943, 37, 3342). There can be little doubt that the long-wave 
bands shown in the figure are due to small amounts of the analogous diene ketone resulting from decomposition 
of the conjugated hydroperoxide. According to this interpretation, about 1% of the peroxide present in the 
sample characterised by curve 2 has decomposed in such a manner. The ketone of crossed conjugation which 
might be produced in even smaller amounts by secondary decay of the hypothetical unconjugated hydro- 
peroxide (III, B) would be expected to absorb at shorter wave-lengths, where its extinction could be neglected 
relatively to that of the conjugated hydroperoxide present. 


EXPERIMENTAL. 


Ethyl linoleate was prepared from cottonseed oil (Org. Synth., 1942, 22, 75). The intermediate tetrabromostearic 
acid had m. p. 115-7° + 0-1° and theoretical bromine content, 53-3%. The final product was free from conjugated 
isomers, as selective absorption near 2315 a. was negligible (cf. figure). 

Samples of ethyl linoleate, carefully shielded from light, were shaken vigorously at 45° under an oxygen pressure of 
about 100 mm. The volume of oxygen absorbed was determined accurately in a constant-pressure gas burette system 
attached to the reaction vessel. In a preliminary series of runs oxygen was absorbed by a stationary surface exposed 
to the atmosphere at 35° in the dark, in amounts determined by weighing. 

The peroxide content of the oxidised samples was estimated by the method of Dastur and Lea (loc. cit.). Extended 
experience with this method has shown (Bolland, /oc. cit.) that the peroxidic oxygen content corresponds quantitatively 
with the amount of oxygen absorbed (in the range, 1—4%, and presumably also at lower degrees of oxidation). 

Duplicate active hydrogen analyses (Bolland, Trans. Inst. Rubber Ind., 1941, 16, 257) of three samples of oxidised 
ethyl linoleate, gave severally 0-286, 0-282, and 0-124 mol. of methane per mol. of ethyl linoleate, and the corresponding 
peroxide contents (based on iodometric estimations and on measured extents of oxidation) were 0-290, 0-272, and 0-120 
mol. of absorbed oxygen per mol. of ethyl] linoleate. . 

For chromatographic separation of the peroxide from the unoxidised ester, a short column of activated alumina 
(Savory and Moore) was found effective; light petroleum (b. p. 40—60°) was employed as solvent and eluent, and the 
operation carried out under a slight pressure of purified nitrogen. Ethyl linoleate (containing less than 0-01% of per- 
oxidic oxygen) recovered in this manner from an oxidised sample containing 2% of peroxidic oxygen, and freed from 
solvent in a vacuum, gave the spectrum indicated in the figure; it is virtually identical with that of the starting material. 
The rapid diminution in the amount of residue in successive portions of the eluate (all of which gave negligible peroxide 
tests) showed that the separation was quantitative. In one instance 4-2500 g. of oxidised ethyl linoleate, containing 
183% of peroxidic oxygen, yielded a total of 3-4206 g. of ethyl linoleate. It follows that the 0-8294 g. of oxidised 
material remaining in the column contained 1-01 mols. of oxygen per mol. of ester. 

The ultra-violet spectra were obtained by means of a Hilger quartz spectrograph equipped with the Spekker photo- 
meter and a condensed tungsten-steel spark source of light. The maximum optical densities (log,,) J,/I) at 2315 a. were 
determined by visual examination and interpolation of the match-points on Kodak B-10 plates with an error not greater 
than 2%. The photometer was carefully calibrated before each measurement by the determination of blank match- 


points, and the recording of spectra was completed in each case within 20 mins. of admitting air to the specimen in order 
to prevent further significant oxidation. 


The authors express their gratitude to Dr. G. Gee for his encouragement and criticism during the course of this work, 
which forms part of a programme of fundamental research undertaken by the Board of the British Rubber Producers’ 
Research Association. 
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113. The System Lead Chloride—-Water at 15° to 35°. 
By T. P. GouLpEN and L. M. HIt. 


The solubility of lead chloride in water has been redetermined for the temperature range 15—35°; the 
following average results were obtained (g. per 100 g. of saturated solution): 15°, 0-866; 20°, 0-968; 25°, 1-075; 
30°, 1-179; 35°, 1-298. Determinations of lead and chloride in these solutions showed a slight excess of the 
latter equivalent to about 0-004 g. of lead chloride. . 


Many determinations of the solubility of lead chloride are on record. Ditte (Compt. rend., 1881, 92, 718), 
Lichty (J. Amer. Chem. Soc., 1903, 25, 474), Demassieux (Compt. rend., 1913, 156, 892), and Flottmann (Z. anal. 
Chem., 1928, 78, 30) each made measurements at 2 number of temperatures, and numerous single-temperature 
determinations, mostly at 25°, have been reported. In spite of this mass of data it was difficult to select a 
series of trustworthy values for the temperature range 15—35°. 

A characteristic of aqueous lead chloride solutions which has often been noted, particularly by Ley (Ber., 
1897, 30, 2192) and Benrath (Z. physikal. Chem., 1908, 64, 693), is the slight hydrolysis which occurs. In our 
work a careful watch was kept for this by means of determinations of lead and chloride ions, but when it was 
found that the differences between the ionic concentrations were only slightly outside the limits of experimental 


os and were within the limits of accuracy required from our data, the subject of hydrolysis was not pursued 
urther. 





Stoddart: The Effect of Drying on the 


EXPERIMENTAL. 


The lead chloride was prepared by precipitation from lead acetate solution with hydrochloric acid, followed by 
recrystallisation from hot aqueous solution containing a little hydrochloric acid. The crystals obtained on cooling were 
filtered off, washed with methylated spirits, and dried in a partially evacuated desiccator over calcium chloride at room 
temperature [Found by methods described below: PbCl,, (1) 99-41, 99-70; (2) 99-42; (3) 99-75, 99-98%]. 

The solubility determinations were carried out in ‘‘ three-necked ”’ flasks of about 500-ml. capacity, about 400 ml. of 
distilled water and an excess of lead chloride being used. The flask contents were stirred for about 30 mins. at a tem- 
perature some 10° higher than that at which the solubility was to be determined. The temperature was then reduced to 
the desired value (controlled to + 0-02°), and stirring continued for at least 16 hours (overnight) and in some cases for a 
few days. In one case (15°) samples of solution taken after 7 hours and after 4 days gave the same result: Béttger 
(Z. physikal. Chem., 1903, 46, 602) noted the remarkably rapid attainment of equilibrium. Prolonged stirring did not 
appear to increase hydrolysis in our experiments. 

After the solid phase had been allowed to settle, samples of clear saturated solution were withdrawn by a dry pipette 
fitted with a cotton-wool filter and analysed by two or more of the following methods. Lead. (1) Assulphate, after evapora- 
tion with sulphuric acid, dilution with water to give about 15% of acid, addition of alcohol, and collection in a sintered- 
glass crucible. (2) As chloride, after evaporation to dryness on a water-bath with dilute hydrochloric acid, followed by 
digestion with alcohol, filtration, and rapid drying at 110°. Chloride. (3) Volumetrically with 0-1n-silver nitrate, the 
excess (about 1 ml.) being titrated by Volhard’s method after the silver chloride had been filtered off. (4) Weighing the 
silver chloride filtered off from (3). 

The solubilities are shown in Table I according to the analytical method used. From these results the average values 
already quoted have been derived. That the excess of chloride over lead (see p. 447) is probably due to a slight hydrolysis 
and not to imperfections in analytical methods is shown in Table II, which is mainly a verification of the chlorine contents 
of lead chloride obtained in lead determinations by method (2). 


TABLE I. 
Solubility determinations. 


G. of PbCl, per 100 g. of solution. G. of PbCl, per 100 g. of solution. 
Detmn. of Pb. Determination of Cl. Detmn. of Pb. Determination of Cl. 


(3). (4). (3). 
0-865 ata :, 1-081 
0-866 —_ ° 1-178 
0-868 0-869 d . 1-181 
0-969 0-967 Sar 
0-971 0-970 : 1-307 
1-075 ais ; 1-295 


* 1-300 G. per 100 g. of solution by method (1). 


TaBLeE II. 
Verification of methods of analysis. 
The PbCI, shown in col. A was dissolved and its Cl content determined, with the results shown under C 
A. B. C. D. . ‘ , D. 


Wt. of Cl calc. . : 

PbCl, from Cl calc. 2 Cl calc. 
obtained gravi- from i i from 
metric volu- 4 i volu- 

AgCl metric iv. g metric 

detmn. detmn. . . , ; detmn. 

— 0-1108 ° ° 0-1374 

_ 0-1109 ° : 0-1374 

mo 0-1109 : . 0-1379 

0-1100 0-1102 . ° 0-1381 

0-1107 0-1106 35° . 0-1670 

0-6516 166: 0-1667 
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414. The Effect of Drying on the Vapour Pressure of Dinitrogen Tetroxide 
‘and the Vapour Density of Dinitrogen. Trioxide. 
By Eric M. Stopparrt. 
It has long been believed that drying can materially alter the physical properties of eee especially 


boiling point, vapour pressure, vapour density, and suriace tension. The vapour pressure change has been 
oom as the most important of all since, according to Smits, it gives direct evidence of the change in the 
inner equilibrium of the liquid. The present work shows that dinitrogen tetroxide (the liquid which shows 
greatest vapour pressure change) reacts slowly with phosphoric anhydride even at room temperature, liberating 
oxygen and forming the compound P,0,,2NO; the vapour pressure increase is due entirely to this oxygen, and 
the dried liquid has a normal vapour pressure. It has also been shown that the increase in vapour density 
of v i dinitrogen trioxide is due to the formation of this compound, which leaves a gas richer in 
dinitrogen tetroxide. The vapour density increase is in agreement with this suggestion. 
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SMITS, DE LIEFDE, Swart, and CLassEN (J., 1926, 2663) found that the vapour pressure of liquid dinitrogen 
tetroxide increased when it was intensively dried over phosphoric anhydride and concluded that drying caused 
a shift of the inner equilibrium, N,O, —-> 2NO,, i.e., towards the more volatile component. This result was 
recognised to be at variance with Baker’s observation (J., 1912, 101, 2341) that the boiling point of the 
liquid rises on drying, and the explanation offered was that, before the boiling point is reached, the liquid 
is partly evaporated, i.e., the more volatile component is preferentially removed from the liquid and the 
boiling point of the remainder is consequently higher than the normal value. Smith (J., 1927, 867) obtained 
a similar increase, in vapour pressure when the tetroxide was dried for six months by repeated distillation 
through phosphoric anhydride. He also found that the vapour pressure was dependent upon the immediate 
previous thermal history of the liquid tetroxide. 

Baker (J., 1907, 91, 1862; 1912, 101, 2339) found that when dinitrogen trioxide was dried over phosphoric 
anhydride, the vapour density varied from 38-1 to 62-2 according to the degree of drying attained. It was 
concluded that the trioxide (V.D., 38) when dry did not dissociate into NO, N,O, and NO, but remained 
unchanged or even polymerised to N,O,. Jones (J., 1914, 105, 2310) confirmed these observations by deter- 
mining the vapour density of the dried trioxide at a series of temperatures, pressures; and volumes. 

In view of the author’s discovery that phosphoric anhydride can react with dinitrogen tetroxide to form 
a compound P,O,,2NO and oxygen (J., 1938, 1459), it seemed feasible that the increase of vapour pressure 
observed by Smits and Smith was due to the production of this oxygen. It also seemed likely that when the 
trioxide was dried, the composition of the vapour changed from being a mixture of NO, N,O,, and NO, to 
being N,O, and NO,, the nitric oxide combining with the phosphoric anhydride, thus giving rise to conditions 
with an abnormally high vapour density. Experiments were undertaken to check these points. 


EXPERIMENTAL. 


(a) The Vapour Pressure of Diniirogen Tetroxide.—The liquid tetroxide, prepared by heating dry lead nitrate in a 
tube containing phosphoric anhydride, was dried by passing through a 2’ column of phosphoric anhydride and 
condensed in dry tubes. Each tube was allowed to evaporate a little before being sealed in order to sweep any 
residual air from the tubes. 

om apparatus shown in Fig. 1 was constructed in soda-glass, all of it being made “‘ capillary-free ’’ except that 
employed for the tensimeter. The diameter of the main horizontal tube was 15 mm. and the bulbs A, B, and C were 
of about 50, 150, and 100 c.c. capacity, respectively. Phosphoric anhydride was sublimed in a current of oxygen and 
introduced into the bulb C; the apparatus was then. closed and allowed to stand for one month for preliminary 
drying. During this time a tube of about 20 c.c. of liquid tetroxide, D, was inserted into the apparatus, which was 
then sealed off behind it. Freshly sublimed phosphoric anhydride was introduced into the bulb A, which was then 
evacuated by a mercury-vapour pump backed by a ‘‘ Hyvac’”’ pump, mercury vapour being kept out of the apparatus 
by using a carbon dioxide trap. The bulb A and the side tubes were heated with the blowpipe in order to facilitate 
the evacuation, and then the tube was sealed at E. The tube D was then broken by the hammer, and the liquid 
tetroxide distilled into the bulb A by cooling it in ice and salt. In this way the liquid dinitrogen tetroxide was given 
a good preliminary drying before being introduced into the main apparatus. When the main apparatus had dried 
fora month, freshly sublimed phosphoric anhydride was introduced into F, the bulb was sealed at G, and about 20 g. 
of the phosphoric anhydride were sublimed into B, in a slow current of oxygen, the bulb F then being removed by 
sealing at H. The main apparatus was then evacuated as completely as possible by using the mercury-vapour pump 
and heating the apparatus wherever possible with the blowpipe flame, and finally sealed at J. The internal seal K 
was then broken, and about 12 c.c. of the liquid tetroxide distilled into B, a freezing mixture being used; the excess 
liquid in the bulb A was removed by sealing at L. = : 

The bulb B was placed in a thermostat, and the vapour pressure of the liquid dinitrogen tetroxide was measured at 
aseries of temperatures from time to time. The vapour pressures at the start of the drying period were found to be : 


TDD. cnscotconcorsccesesee 0° 3-1° 76° 9-2° 12-4° 14° 18° 20-2° 
Ves Pop MEM, cocvcevesesecss §=SGR 1 320-7 399-7 432-6 501-7 534-4 659-7 733°3 


“ce 


in accord with previous data (Scheffer and Treub, Z. physikal. Chem., 1913, 81, 308; Mittasch, Kuss, and Schlueter, 
2. anorg. Chem., 1927, 159, 1). As the drying proceeded, the vapour pressures were as shown in the table. . 

The original vapour pressures are graphically estimated from the data obtained at the beginning of the drying 
period, It is seen that the vapour pressure apparently increases gradually with time, and does not seem to approach 
any final value. This is understandable if the phosphoric anhydride is slowly reacting with the liquid dinitrogen 
tetroxide, liberating oxygen. 


2 Months. 6 Months. , 9 Months. 











Pressure, Original Pressure, Original Pressure, Original 
mm, v.p.,mm, A,mm. Temp. mm. v.p., mm. . \ mm. v.p.,.mm, A, mm, 
271-4 263-1 8 0° 289-7 301-7 263-1 39 
356-3 352 4 3-8 356-1 . 377-2 337 40 
421-8 412 10 7:4 420-4 ° 435-4 400 35 
485-7 479 7 10-9 498-7 . 489-1 449 40 
551-3 542 9 12-6 533-5 ‘14 590°3 545 45 
14-5 574-0 
14+7 581-0 


About 3 ¢.c. of the dried liquid were now condensed in one of the side tubes of the apparatus by means of a freezing 
mixture, and the tube was removed. No effect was observed on the vapour pressure of the residual liquid after the. 
apparatus had been kept undisturbed overnight. This small quantity of dry liquid should, according to Smits’s theory. 
possess a much higher vapour pressure than the normal value, since the more volatile component will have volatilised; 
fist. The vapour pressure of the sample was therefore measured under dry conditions. The apparatus shown in 
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Fig. 2 had been prepared to receive the sample of dry liquid. The bulb A was partly filled with freshly sublimed 
phosphoric anhydride, the tube of dry liquid B inserted, and the apparatus closed. After preliminary drying, 
phosphoric anhydride was introduced into C and sublimed into D, after the side tube had been sealed at E, the bulb 
C being finally removed by sealing at F. The apparatus was now evacuated by the mercury-vapour pump and sealed 
at G. The liquid sample tude was now broken, and the vapour pressure measured immediately; it was perfectly normal 
and showed no increase over the usual value, which agrees with the present assumption that the vapour pressure 
increase is due to liberated oxygen. The liquid was distilled into D, and the apparatus sealed at H. The volume 
of the bulb D, the side tubes, and tensimeter was only about 50 c.c., so if the reaction occurred as rapidly as in the 


Fie. 1. Fic. 2. 
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first experiment a considerable increase in vapour pressure would be obtained in a comparatively short time. The 
results obtained were : 


























Oxygen 
anneal 


EN nxicoicdedestutsansinauisebenscte 0 1 2 4 8 12 
VY. Be OE BB, DRM, cccccccccccccccssesevcscsen §6SGDRO 569-1 575-0 584-6 596-1 610-8 


If the observed pressure increase is due to oxygen, then cooling the liquid to — 80° should condense the whole of the 
dinitrogen tetroxide and leave a residual pressure due to this oxygen. The experiment showed that the residual 
pressure was 32 mm. and was due to a colourless gas. The apparatus was now dismantled and the solid in B was 
placed in a tube filled with dry mercury; admission of a little water liberated a colourless gas which proved to be 
nitric oxide. It was therefore concluded that the reaction described in the author’s earlier paper can occur slowly at 
room temperature, bringing about an apparent increase in vapour pressure. Two other samples of dry liquid were 
removed from the original apparatus but both behaved in a perfectly normal manner when the vapour pressures were 
measured. The solid finally left in bulb B of Fig. 1 also liberated nitric oxide when treated with water. 

(b) The Vapour Density of Dinitrogen Trioxide.—The trioxide was prepared from arsenious oxide and nitric acid. 
The vapours, after: being dried over phosphoric anhydride, were condensed in tubes cooled in solid carbon dioxide. 
The apparatus shown in Fig. 3 was constructed as usual in soda-glass, rendered capillary-free as far as possible. A 
cluster of four bulbs, each of about 200 c.c. capacity, was incorporated for the density determinations. The sample 
of liquid A was inserted into the apparatus, and bulb B filled with sublimed phosphoric anhydride and sealed at C. 
After the preliminary 6 weeks’ drying, freshly sublimed phosphoric anhydride was introduced into D, sublimed as 
usual into E, and the bulb D removed by sealing at F. The apparatus was now evacuated as completely as possible 
by means of the mercury—vapour pump, the bulbs and side tubes being heated to hasten the production of a hard vacuum. 
After sealing at G, the tube of liquid was broken open, the liquid allowed to vaporise completely, and the apparatus 
finally sealed at H. The vapour-density bulbs and the drying bulb E were immersed in a thermostat, and four 
vapour-density determinations carried out as drying proceeded by noting the temperature and pressure of the vapour, 
sealing off one of the bulbs, and treating it as a Dumas bulb. The observations i the first apparatus were : 


Time of drying, weeks ...........ccccscscsscescecese 0 2 4 8 12 


PreSSUTe Of GAS, MM.  ......cccccccccccsscccccccesee S834 514-0 500-2 473-1 441-7 
VOOR GERRY 006 .ccccccccccccccccccsccceccscce ses eee —_ 28-1 28-4 29-4 30-9 


and for the second : 
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Time of drying, Months ..........sessesssceeseeees 0 2 6 10 15 
Pressure Of GB, MM. 2.2.2... .ccccccccccccsccesesecce — 6472 567-8 468-3 403-1 338-5 
Vapour density ............s00000. ‘ — 28-6 32-1 34-2 36-3 


The phosphoric anhydride at the end of each experiment was removed from the apparatus and allowed to react with 
water; nitric oxide was evolved, showing that the phosphoric 
anhydride had reacted to form the compound with nitric Fic. 3. 
oxide. 


Phosphoric anhydride and a small amount of liquid di- - Manometer 
nitrogen trioxide were sealed in a tube and slowly heated to 

130°. The resultant gas was colourless, and when the tube 

was examined by the method previously described (Joc. cit.), 

the gas proved to be oxygen. 

Conclusion.—Baker and Smits claimed to have 
proved that the physical properties of liquids were 
modified by drying. Some of the most definite data 
were the changes in vapour pressure, and the explanation 
offered was that the internal state of a liquid could be 
changed on drying. Smits (Z. physikal. Chem., 1927, 
129, 33) had considered the possibility of a reaction 
between the liquid and the phosphoric anhydride but 
dismissed it after carrying out drying experiments in 
apparatus which enabled only slow diffusion of gases to 
occur, 7.e., Slow removal of moisture. (He overlooked 
the fact that this would also decrease the rate of 
reaction.) Of all the liquids investigated, dinitrogen 
tetroxide showed by far the greatest change in vapour 
pressure on drying. The present work shows that the 
effect is due entirely to a chemical change, and con- 
sequently but little evidence remains for change in 
vapour pressure on drying. 

The phosphoric anhydride—dinitrogen trioxide system 
also undergoes chemical change, so the product be- 
comes richer in N,O,= = 2NO,. Drying brings about 
an increase in vapour density and it appears that this 
vapour density approaches the value expected for the 
N,O,= = 2NO, system as drying proceeds. In the second 
experiment, the highest vapour density was 36-3 and 
the pressure had fallen to 338-5 mm. At this pressure, 
the vapour density for N,O, == 2NO, is approximately 
37:8. The phosphoric anhydride remaining at the end 
of the experiment contained the compound P,O,,2NO, 
confirming the view that the increase of vapour density 
was due to the vapour becoming richer in tetroxide and Oxygen 
poorer in nitric oxide. 

The conclusion from this work is that drying produces no abnormal results in the vapour pressure of liquid 
dinitrogen tetroxide or the density of the vapour from the trioxide that cannot be satisfactorily explained by 
the observation that a reaction occurs in each case with the phosphoric anhydride. These observations, 
together with those of Lenher (J. Amer. Chem. Soc., 1929, 51, 2948; J. Physical Chem., 1929, 33, 1579) on 
boiling points, of Briscoe, Peel, and Robinson (J., 1929, 368) on surface tension and liquid density, and of 
Riley (J., 1929, 1026) on dielectric constant, lead to the general conclusion that drying does not influence 
physical properties. 
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115. Decompositions of Diazonium Salis by Sodium Sulphite and Sodium 
Acetate. Part II. 3-Nitro-1-naphthylamine. 
By HerBEert H. Hopcson and Davin E. HATHWay. 
3-Nitronaphthalene-1-diazonium chloride is decomposed by sodium acetate to give mainly 3 : 3’-dinitronaph- 


thalene-1’ : 2-azo-l-naphthol, and 3-nitronaphthalene-l-diazoacetate is converted almost entirely into 3 : 3’- 
dinitro-1 : 1’-azonaphthalene by sodium sulphite. 


Previous work on the decompositions of 4-nitronaphthalene-]-diazonium salts by sodium sulphite and 
sodium acetate (Hodgson, Nicholson, and G. Turner, J., 1944, 15) has now been extended to the decom- 
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positions of 3-nitronaphthalene-l-diazonium chloride. In this case the action of sodium acetate on the 
diazonium chloride forms almost entirely 3 : 3’-dinitronaphthalene-\' : 2-azo-1-naphthol with a little 3: 3’- 
dinitro-1 : 1’-azonaphthalene and a trace of $-nitronaphthalene; no 3: 3’-dinitrodinaphthyl was formed. 
According to the mechanism discussed for the 4-nitro-isomerides (Hodgson, Nicholson, and Turner, Joc. cit.), 
the nitro-group in the p-position to the diazo-group restrains the attack of anionoid water at the significant 
carbon to which the diazo-group is attached and so enables the other simultaneous reactions to occur, whereas 
the relatively slight influence of the nitro-group in the 3-(m-)position cannot prevent the course of the reaction 
falling mainly into line with that of 3-nitronaphthalene-1l-diazonium chloride in the presence of calcium 
carbonate, where the above azo-compound is the sole product (cf. also Hodgson and Marsden, J., 1943, 379). 
The velocity of the sodium acetate reaction was considerably less than in the case of the 4-nitro-compound 
and would appear to indicate that 3-nitronaphthalene-l-diazonium acetate is more stable than its 4-nitro- 
isomeride. On analogy with the coupling of diazotised amines to 3-nitro-l-naphthylamine (Hodgson and 
Hathway, this vol., p. 123) and from the insolubility of 3 : 3’-dinitronaphthalene-1’ : 2-azo-l-naphthol in hot 
aqueous alkalis, it is assumed that the coupling of 3-nitronaphthalene-1-diazohydroxide with 3-nitro-1-naphthol 
is in the 2-position. . 

The action of sodium sulphite on 3-nitronaphthalene-1-diazoacetate is to form almost entirely 3 : 3’-dinitro- 
1: 1'’-azonaphthalene with but a trace of §-nitronaphthalene, and the mechanism of this reaction, which follows 
the lines of that previously discussed for the 4-nitro-compound (loc. cit.), also appears to involve the inter- 
mediate formation of sodium 3-nitronaphthalene-1-diazosulphonate. 


EXPERIMENTAL. 


Action of Sodium Acetate on 3-Nitronaphthalene-1-diazonium Chloride.—A chilled and filtered solution of the diazonium 
chloride, prepared by addition of an aqueous solution of sodium nitrite (2-5 g.) with constant stirring to a chilled finely 
divided suspension of the naphthylamine hydrochloride (from 4-7 of base) in 6% aqueous hydrochloric acid (175 c.c.), 

‘was treated with an aqueous solution of sodium acetate (ca. 45 g.) in 50% excess over that required to neutralise all 
the mineral acid present. The solution became red very slowly with simultaneous liberation of nitrogen until eventually 
a scarlet precipitate resulted, which was filtered off, and dried in a vacuum over concentrated sulphuric acid (yield, 
4-4 g.). No 3-nitro-l-naphthol was obtained from the acidified filtrate. The precipitate was treated with steam to 
remove f-nitronaphthalene (0-02 g.; m. p. and mixed m. p. with authentic specimen, 79°) and successively extracted 
with boiling ethyl alcohol, boiling acetone, and cold ethyl-alcoholic potassium hydroxide, each of which removed 
some 3 : 3’-dinitronaphthalene-1’ : 2-azo-1-naphthol; the azo-naphthol was reprecipitated from the last extract (3 ¢., 
60%) by acidification and when crystallised twice from toluene formed crimson needles, m. p. and mixed m., p. with 
authentic specimen 125° (Found: N, 14-6. C,. 9H,,0,;N, requires N, 14-4%). Many extractions of another reaction 
specimen with acetone still left a mixture whose colour reactions, however, showed it to contain a trace of 3 : 3’-dinitro- 
1: 1’-azonaphthalene. Since the last compound is attacked by alcoholic potassium hydroxide, the residue from the 
former set of extractions did not give the colour reactions found before the use of the alcoholic alkali. No 3 : 3’-dinitro- 
1: 1’-dinaphthyl was ever found in any of the extractions, and the bulk of the reaction mixture appeared to be the above 
azonaphthol, since more was still forthcoming after the 60% had been removed by further extractions with the cold 
alcoholic alkali. 

Action of Sodium Sulphite on 3-Nitronaphthalene-1-diazoacetate.—3-Nitro-l-naphthylamine (4-7 g.) was diazotised 
as above, and the chilled and filtered solution of the diazonium chloride at 0° was treated rapidly with an aqueous 
solution of sodium acetate (ca. 45 g.) and then immediately with a solution of sodium sulphite (2-5 g.) in water (125 c.c.) 
containing ice. (Speed is essential in order to obviate the reactions caused by sodium acetate alone.) Nitrogen was 
evolved, but no sulphur dioxide, and the solution, which had assumed an orange colour on the addition of sodium 
acetate and sodium sulphite, began to redden gradually as a solid separated. If collected too soon and dried, the pre- 
cipitate exploded on heating, showing the presence of didzosulphonate. No 3-nitro-l-naphthol could be detected in 
the colourless filtrate, but both filtrate and precipitate afforded a small amount of f-nitronaphthalene (ca. 0-1 g. in all) 
when steam-distilled; when crystallised from ethyl alcohol, this had m. p. and mixed m. p. 79° with an authentic speci- 
men. The residue (4-4 g.) was removed and dried at 100°, but when boiled with 5% aqueous sodium hydroxide in 
order to remove any naphthol, the compound had considerably deteriorated; so it was first refluxed for 1 hour with 
glacial acetic acid (200 c.c.) and the mixture filtered hot; the residue was then refluxed with nitrobenzene (20 c.c.) and 
charcoal for 2 hours and filtered hot. On cooling 3 : 3’-dinitro-1 : 1’-azonaphthalene (2 g.) separated in lustrous red-brown 
needles, which were removed, washed with light petroleum, and dried at 200°; m. p. 315° (Found : N, 153. Cy9H4,0,N, 
requires N, 15-1%); with concentrated sulphuric acid they afforded a Prussian-blue colour which was permanent for 
days, and changed to bright yellow on dilution with water. No other substance except 3 : 3’-dinitro-1 : 1’-azonaphthalene 
was recovered from the glacial acetic acid extract. The compound was sparingly solubl¢ in acetone, and the solution 
gave an intense emerald colour with aqueous sodium hydroxide; prolonged boiling with alcoholic potassium hydroxide 
produced a brown powder which did not respond to the concentrated sulphuric acid test above. Reductive acetylation 
(see Hodgson and Nicholson, J., 1940, 206) gave 1 : 3-diacetylnaphthylenediamine, m. p. and mixed m. p. with authentic 
specimen,'263° (Friedlander, Ber., 1895, 28, 1953, gives m. p. 263°) (Found: N, 11-7. Calc.: N, 11-5%). 

Preparation of 3: 3’-Dinitronaphthalene-\’ : 2-az0-1-naphthol_—3-Nitro-l-naphthylamine (1-8 g.) was diazotised as 
described above, and the filtered solution stirred at 0° into one of 3-nitro-l-naphthol (2 g.) in water (100 c.c.) containing 
sodium hydrogen carbonate (5 g.). Immediate precipitation of the dye occurred, and after 30 minutes it was filtered 
off, washed, and dried; recrystallisation from toluene with addition of light petroleum afforded crithsoh needles, m. p. 
125° (Found: N, 14-6%), which gave a blue-green colour with concentrated sulphuric acid changing to scarlet on dilu- 
tion; the scarlet solution in acetone changed to claret with aqueous’sodium hydroxide, and the violet solution in alcoholic 
potassium hydroxide remained unchanged on boiling. Alternatively, this compound was obtained when 3-nitro- 
naphthalene-1-diazonium chloride was allowed to decompose at room temperature in the presence of calcium carbonate 
(cf. Hodgson and Marsden, Joc. cit.). 
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116. Reactions of 4-Nitro-2-naphthylamine. Part II. Mono- and Di-nitration of 
4-Nitro-p-toluenesulphon-2-naphthalide and Preparation of 4: 6-Dinitro-1-naphthol. 


By Hersert H. HopGson and Davip E. HatHway. 


4-Nitro-2-naphthylamine readily forms a mono- and a di-sulphonamido-derivative with p-toluenesulphonyl 
chloride. 4-Nitro-p-toluenesulphon-2-naphthalide is mononitrated in the l-position and dinitrated in the 
1 : 6-positions. Combined hydrolysis and deamination of 1 : 4 : 6-trinitro-p-toluenesulphon-2-naphthalide via 
the diazo-oxide forms 4 : 6-dinitro-1-naphthol. 


NITRATION of p-toluenesulphon-$-naphthalide gives first the 1-nitro-derivative and then the 1 : 6-dinitro- 
derivative (cf. Morgan and Micklethwait, J., 1912, 101, 148; Bell, J., 1929, 2784), whereas nitration of the 
p-toluenesulphony] derivatives of 5-nitro- and 8-nitro-8-naphthylamines takes place in the 1-position, the pro- 
ducts being fairly resistant to further nitration (cf. Bell, Joc. cit.). Since 4-nitro-2-naphthylamine has now 
been rendered accessible (Hodgson and Birtwell, J., 1944, 75; Hodgson and Hathway, Part I, J., 1944, 385), 
it appeared of interest to ascertain how its p-toluenesulphonyl derivative would be nitrated. The mono- 
nitration product, 1 : 4-dinitro-p-toluenesulphon-2-naphthalide, is readily isolated, and dinitration also readily 
occurs to form 1 : 4: 6-trinitro-p-toluenesulphon-2-naphthalide. In this respect the nitro-group in position 4 
does not exert the retarding influence to further nitration which the nitro-groups in positions 5 and 8 were 
found to do. 

The constitution of the 1 : 4-dinitro-p-toluenesulphon-2-naphthalide follows from its conversion by com- 
bined hydrolysis and deamination into 1 : 4-dinitronaphthalene (Vesely and Dvorak, Bull. Soc. chim., 1923, 
33, 326). That the dinitrated product has the constitution 1 : 4 : 6-trinitro-p-toluenesulphon-2-naphthalide 
follows from its diazotisation, and decomposition of the diazonium sulphate by steam, to give a new dinitro- 
naphthol (cf. Hodgson and Birtwell, J., 1943, 468) which differs from both 4: 5- and 4: 8-dinitro-1-naphthol 
and must therefore be 4 : 6-dinitro-1-naphthol, since nitration of 1 : 4-dinitro-p-toluenesulphon-2-naphthalide 
in position 7 would be contrary to all experience of substitution in naphthalene derivatives (cf. Robinson and 
Thompson, J., 1932, 2015, on the transmission of effects between the 2- and the 6-position; Bell, J., 1932, 
2732; Vesely and Jakes, Bull. Soc. chim., 1923, 38, 955). 4-Nitroaceto-2-naphthalide resisted nitration in 
glacial acetic acid solution with fuming nitric acid (d 1-52) at — 5° and with concentrated nitric acid (d 1-42) 
at 90°, in marked contrast to the ease of substitution shown by the #-toluenesulphonyl derivative; this 
behaviour recalls the analogous experience of Bell (J., 1928, 2779), who found that 5 : 4’-dinitro-2-acetamido- 
diphenyl could be recovered unchanged after solution in fuming nitric acid, whereas 4’-nitro-2-p-toluenesulphon- 
amidodiphenyl under gentle conditions of nitration yielded the 3 : 5 : 4’-trinitro-derivative. 

Bell (J., 1929, 2787) records that o- and p-nitroaniline and 1 : 8-dinitro-2-naphthylamine readily give 
disulphonamido-derivatives with p-toluenesulphonyl chloride, whereas the mono-p-toluenesulphonyl deriv- 
atives of aniline and 8-naphthylamine show little tendency to react with a further molecule of this reagent. 
It is now found that 4-nitro-2-naphthylamine not only reacts with two equivalents of p-toluenesulphonyl 
chloride, but that even with one equivalent a certain amount of the disulphonamido-derivative is obtained. 
The facile reactions of 4-nitro-2-naphthylamine compared with those of §-naphthylamine recall the abnormal 
behaviour of 4-nitro-2-naphthol compared with that of §-naphthol (Morgan and Evens, J., 1919, 115, 1126), 


EXPERIMENTAL. 


4-Nitro-p-toluenesulphon-2-naphthalide—An intimate mixture of 4-nitro-2-naphthylamine (3-8 g.) and p-toluene- 
sulphonyl chloride (4 g.) was stirred for 3 hours with boiling water, maintained slightly alkaline by additions of sodium 
carbonate. The solid was collected and treated with hot aqueous sodium hydroxide (5%) to extract 4-nitro-p-toluene- 
sulphon-2-naphthalide (5 g.), which was reprecipitated by acidification and crystallised from chloroform, forming pale 
orange parallelepipeds, m. p. 145° (Found: S, 9-2. C,,H,,0,N,S requires S, 9-4%). The insoluble residue from the 
alkali extraction was 4-nitrodi-p-toluenesulphon-2-naphthalide. When the above procedure was repeated with double 
the amount of iw pene m pes chloride (9 g.), the buff crystalline residue of the ditoluenesulphonyl product 
separated from glacial acetic acid in pale straw-coloured, almost colourless, rhombs (9-0 g.), m. p. 215° (Found: S, 
12:7. Cy4H.90,N,S, requires S, 12-9%). ; ? ‘ 

Mononitration of 4-Nitro-p-toluenesulphon-2-naphthalide.—Nitric acid (0-5 c.c., d 1-42) was stirred cautiously into a 
solution of the naphthalide (2-6 g.) in glacial acetic acid (10 c.c.) at 46°; the temperature rose to 70° and 1 : 4-dimitro-p- 
toluenesulphon-2-naphthalide separpted, on cooling, in small yellow crystals. hese were washed with glacial acetic 
acid, methyl alcohol, and ligroin and recrystallised from glacial acetic acid, forming clusters of pure lemon rhombs, 
m. Pp. 150° (Found ° N, 10-8. C.,H,40,N& requires N, 10-9%). . i 

1 : 4-Dinitronaphthalene.—Dissolution of 1 : 4-dinitro-p-toluenesulphon-2-naphthalide (2 g.) in sulphuric acid (10 c.c., 
d 1-84) by stirring below 10° brought about hydrolysis to the amine, and subsequent addition of sodium nitrite (0-4 g.) 
in sulphuric acid (6 c.c., d 1-84) followed by stirring of the mixture gradually into glacial acetic acid (30 c.c.) below 
20°, with continued stirring for 30 minutes, secured complete diazotisation. The solution of the diazonium salt was 
added to a stirred suspension of red cuprous oxide (1-5 g.) in methyl alcohol (50 c.c.) and, when decomposition had 
ceased, the mixture was poured into ice-water (300 g.). The precipitated 1: 4-dinitronaphthalene was washed with 
water and extracted in hot ethyl alcohol, from which it crystallised (charcoal) in long yellow needles (1-3 g.), m. p. 134 
(m. p.’s between 129° and 133-5° are given in the literature) (Found: N, 12-9. Calc.: N, 128%). In acetone solution 
it gave no colour with aqueous sodium hydroxide or with alcoholic potash, unlike the 1 : 3-isomeride, which gives magenta 
and blood-red colours respectively. ‘ . , 

Dinitration of 4-Nitro-p-toluenesulphon-2-naphthalide.—Nitric acid (0-6 c.c., d 1-5) was stirred cautiously: into 2 
Solution of the naphthalide (2-0 g.) in glacial acetic acid (20 c.c.) at 60°, and the temperature gradually raised to 80°; 
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nitration then occurred. The 1: 4: 6-trinitro-p-toluenesulphon-2-naphthalide (1-7 g.) formed separated on cooling; 


































after being washed with glacial acetic acid, methyl alcohol, and ligroin, it crystallised from glacial acetic acid in a mass — , 
of yellow needles resembling shot silk, m. p. 194° (Found: N, 12-9. C,,H,,0,N,S requires N, 13-0%). (yiel 
4 : 6-Dinitro-1-naphthol.—1 : 4 : 6-Trinitro-p-todluenesulphon-2-naphthalide (1-5 g.) was dissolved in sulphuric acid 130- 
(15 c.c., d 1-84) below 10°, sodium nitrite (0-3 g.) in sulphuric acid (5 c.c.) added, and the mixture stirred dropwise into ( 
glacial acetic acid (60 c.c.) below 20°, agitation being continued for 20 minutes. After addition of ice (300 g.), steam (85 § 
was passed through the mixture, and the hot liquid filtered, cooled, and extracted with chloroform to remove the 4: 6- acid 
dinitro-|-naphthol. This was extracted from the chloroform by 5% aqueous sodium hydroxide, precipitated by acidific- was 
ation, and crystallised from methyl alcohol (charcoal), forming fine yellow needles, m. p. 240° (depressed by 4: 5- and trini 
4 : 8-dinitro-l-naphthol) (Found: N, 11-7. C,H,O,N, requires N, 11-9%). from 
The authors thank I.C.I. Ltd. for a Research Scholarship (to D. E. H.) and for gifts of chemicals. Cale 
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117. The Preferential Reduction of Nitro-groups in Polynitro-compounds. Part § 
II. The Preparation of 3: 6-Dinitro-1 : 8-naphthylenediamine from 1:3:6:8- § ga 
. exci 
T etranitronaphthalene. the 
was 
By HerBert H. Hopcson, Epwarp R. Warp, and JOHN S. WHITEHURST. filte 
A solution of stannous chloride in glacial acetic acid saturated by hydrogen chloride reduces 1: 3: 6: 8- ys 
tetranitronaphthalene to 3 : 6-dinitro-1 : 8-naphthylenediamine. Improved procedures are given for the pre- req 
parations of 1: 3: 6: 8-tetra- and 1 : 3 : 8-tri-nitronaphthalene. hy¢ 
_WiLvL’s method (Ber., 1895, 28, 519) for the preparation of 1:3: 6: 8-tetranitronaphthalene has proved dia 
unserviceable, and his statement that further nitration of 1 : 3 : 8-trinitronaphthalene takes place in the cold Cus 
could not be substantiated : a mixture of nitric acid (d 1-52) and oleum (26% SO,) when kept for 6 months os 
afforded mainly unchanged trinitro-compound. rt 
Dhar (J., 1920, 117, 1001) claimed to have isolated both 1: 2: 6: 8- and 1: 3: 6: 8-tetranitronaphthalene cur 
by treating a solution of 1 : 8-dinitronaphthalene in concentrated sulphuric acid with fuming nitric acid and (1. 
then heating the mixture at ca. 100° for 4 hrs.; the 1: 2: 6: 8-tetranitronaphthalene was said to separate, wit 
leaving the 1 : 3: 6 : 8-isomeride in solution. Dhar’s experimental details were insufficient for us to obtain by . 
the 1 : 2: 6: 8-tetranitronaphthalene by his procedure, and Chatt and Wynne (J., 1943, 33), by dinitration rod 
of 2 : 6-dinitronaphthalene, obtained the 1 : 2 : 6 : 8-tetranitro-compound, which differed from that described 
by Dhar. Details are now given of the dinitration of 1 : 8-dinitro- to 1 : 3: 6 : 8-tetranitro-naphthalene by a gra 
modification of Dhar’s procedure, and similarly 1 : 3 : 8-trinitronaphthalene has been mononitrated to produce ~ 
the same compound. Mononitration of 1 : 8-dinitronaphthalene is rapid, but dinitration only ogcurs above ate 
80° and is accompanied by appreciable oxidation; the same conditions hold for the mononitration of 1 : 3: 8- 50' 
trinitronaphthalene. to 






1:3: 6: 8-Tetranitronaphthalene is partly reduced to 3 : 6-dinitro-1 : 8-naphthylenediamine by a solution 
of stannous chloride in glacial acetic acid saturated with hydrogen chloride. The preferential reduction of 
nitro-groups in the «-positions by this reagent (cf. J.,.1943, 318, which is to be regarded as Part I) now receives 
strong support, since two a- and two §-nitro-groups are involved in the tetranitro-compound. The con- 
stitution of the diamine was established by (a) tetrazotisation according to Hodgson and Walker (cf. J., 1933, 
1620; J., 1943, 86, 433) and subsequent Sandmeyer reactions to give dichloro- and dibromo-compounds, 
thereby establishing that two nitro-groups had been reduced; (b) reaction with acetone to give 5 : 8-dinitro- 
dimethydihydroperimidine, a proof that the amino-groups are in the 1: 8-positions; (c) deamination to 
2 : 7-dinitronaphthalene, thereby confirming the 3 : 6-positions for the unreduced nitro-groups. 

Will (loc. cit.) made many attempts at partial reduction of 1 : 3: 6 : 8-tetranitronaphthalene, but obtained 
only insoluble, brown, amorphous powders. 














EXPERIMENTAL. 


Preparation of 1:3: 6: 8-Tetranitronaphthalene.—(a) From 1 : 8-dinitronaphthalene. To a stirred solution of 1 : 8- 
dinitronaphthalene (25 g., m. p. 168—172°) in sulphuric acid (125 c.c., d 1-84) at 20°, nitric acid (125 c.c., d 1-5) was 
gradually added, the temperature being kept below 75°; the evolution of heat decreased considerably after about half 
the acid had been added, and the precipitate which appeared at this stage gradually redissolved as the temperature 
was raised to 80°. Frothing became serious above 80°, and the temperature was then kept below 90° until this sub- 
sided (if the reaction gets out of control carbonaceous matter is formed, sometimes with explosive violence). The 















mixture was finally heated on the water-bath for 24 hrs., and 1:3: 6: 8-tetranitronaphthalene was precipitated at : 
first as an oil, subsequently solidifying. The hot suspension was filtered through asbestos, and the faintly pink solid ’ 
was washed successively with small portions of sulphuric acid (d 1-84), 25% aqueous sulphuric acid, water, aqueous Tl 
sodium carbonate (which intensified the pink colour), and water (which removed the pink colour), and dried at 100° T 
(15 g., ca. 45% yield). On recrystallisation from boiling toluene, the 1 : 3: 6: 8-tetranitronaphthalene was obtained 0 
in colourless micro-needles, m. p. 207°, depressed by 1 : 3 : 8-trinitronaphthalene to 180° (Will, Joc. cit., gives m. p. 203°) , 
(Found : N, 18-3. Calc.: N, 18-1%). It was slightly soluble in cold but readily soluble in hot alcohol, toluene, benzene, 

or acetic acid, and gave an intense bluish-red colour in cold acetone solution with 10% aqueous alkalis. tl 






The filtrate from the nitration was deep red and stained the skin (cf. Chatt and Wynne, loc. cit., who ascribed similar 
phenomena to the formation of polynitronaphthols during the nitration of 2 : 6-dinitronaphthalene; these substances 
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may be intermediates in the oxidation sequence). This filtrate was poured on ice, and the flocculent pink separation 
was washed successively with small portions of water, dilute sodium carbonate, and water, and then dried in a vacuum 
a. ey g-, m. p. 140—160°); it separated (3 g.) from toluene (50 c.c.) in colourless crystals of a mixture, m. p. 
180— a 

(b) From 1:3: 8-trinitronaphthalene. The initial compound was prepared by dissolution of 1 : 8-dinitronaphthalene 
(85 g.) in sulphuric acid (450 c.c., d 1-84) and treatment at 20° with a mixture of nitric acid (60 c.c., d 1-5) and sulphuric 
acid (60 c.c., d 1-84), the temperature being kept below 75°, for oxidation and frothing set in at about 80°. The mixture 
was cooled to 0°, filtered through asbestos, and the solid worked up as above (yield, 60 g.; ca. 60%). The 1:3: 8- 
trinitronaphthalene separated from boiling toluene or glacial acetic acid in crystals, m. p. 212—218°, which recrystallised 
from acetone in fine, very pale yellow needles, m. p. 223° (Rindl, J., 1913, 108, 1914, gives m. p. 212°; Chatt and Wynne, 
loc. cit., give m. p. 216—220°); it crystallised from acetic anhydride in very pale yellow rhombs (Found: N, 16-1. 
Calc.: N, 16-0%). The filtrate from the solid (above), when poured on ice, gave a crude mixture (15 g.) of low m. p. 

1:3: 8-Trinitronaphthalene differs from 1 : 3 : 6 : 8-tetranitronaphthalene in its sparing solubility in cold acetone; 
the solution, however, gives an intense bluish-red colour with aqueous alkalis. The further nitration was carried out 
as follows: 1: 3: 8-trinitronaphthalene (25 g.) was stirred with sulphuric acid (125 c.c., d 1-84) and nitric acid (100 c.c., 
d 1-5) at 20°, and gradually passed into solution when cautiously heated to 80—90°, the phenomena noted in (a) occur- 
ring; after abatement of frothing, the nitration was completed by heating on the water-bath for 14 hours; 1:3: 6: 8- 
tetranitronaphthalene separated and was treated as in (a); yield 13 g. 

Preparation of 3 : 6-Dinitro-1 : 8-naphthylenediamine.—A suspension of 1 : 3: 6: 8-tetranitronaphthalene (10 g.) in 
glacial acetic acid (40 c.c.) at 20° was treated dropwise with a solution of hydrated stannous chloride (48-4 g., 10% 
excess) in glacial acetic acid (180 c.c.) saturated at 0° with dry hydrogen chloride (cf. Hodgson and Turner, Joc. cit.) ; 
the temperature was kept at 35—40°, and stirring continued for 15 mins. after the addition. The smell of ethyl acetate 
was observed during the experiment. The nitro-compound gradually passed into a reddish-brown solution, which was 
filtered from inorganic matter and poured into water (21.). The resulting red flocculent precipitate (4 g.) of 3 : 6-dinitro- 
1: 8-naphthylenediamine was filtered off, repeatedly washed with water, and dried in a vacuum. It crystallised from hot 
glacial acetic acid in deep reddish-orange prisms which decomposed when heated above 220° (Found : N, 22-8. C,,H,O,N, 
requires N, 22-6%) and were sparingly soluble in the usual solvents. The hydrochloride, formed by passage of dry 
hydrogen chloride into an ethereal or benzene solution of the diamine, was decomposed by moisture. 

5 : 8-Dinitro-2 : 2-dimethyl-1 : 3-dihydroperimidine was formed in almost quantitative yield when the above dinitro- 
diamine was dissolved in acetone, from which it crystallised in scarlet needles, m. p. 241° (decomp.) (Found: N, 19-6. 
C,3H,,0,N, requires N, 19-4%), which were readily soluble in cold acetone, ether, and glacial acetic acid. 

Diazotisation and Sandmeyer Reactions with 3 : 6-Dinitro-1 : 8-naphthylenediamine.—The diamine (1-75 g.), dissolved 
in sulphuric acid (25 c.c., d 1-84), was treated with a solution of sodium nitrite (2 g.) in sulphuric acid (15 c.c., d 1-84), 
the mixture stirred below 20° into glacial acetic acid (40 c.c.), and the solution of the diazonium salt added to one of 
cuprous chloride (5 g.) in hydrochloric acid (50 c.c., d 1-18); the precipitated 1 : 8-dichloro-3 : 6-dinitronaphthalene 
(1-4 g.) was removed, washed with water and aqueous sodium hydroxide to remove any nitronaphthols, and extracted 
with toluene, from which it crystallised; it recrystallised from glacial acetic acid in yellow-orange rods, m. p. 222° 
(Found: N, 9-5. C,H,O,N,Cl, requires N, 9-7%). 1: 8-Dibromo-3 : 6-dinitronaphthalene (1 g.), prepared similarly 
by use of cuprous bromide (2 g.) and hydrobromic acid (10 c.c.), crystallised from glacial acetic acid in yellow-orange 
rods, m. p. 210° (Found: N, 7-6. C,H,O,N,Br, requires N, 7-4%). 

2: 7-Dinitronaphthalene was formed in very small quantities when the diazonium solution (above) was poured 
gradually into a suspénsion of cuprous oxide (10 g.) in ethyl alcohol (150 c.c.), the temperature allowed to rise to 70°, 
and the mixture stirred for one hour after the addition was completed; the mixture was poured into water (2 1.), filtered, 
the solid washed with water, dried in a vacuum, and repeatedly extracted with ether; the ethereal solution when evapor- 
ated to dryness gave a bright yellow residue of crude 2 : 7-dinitronaphthalene (m. p. 210—220°), which crystallised from 
50% aqueous acetic avid in yellow needles, m. p. 232°, not depressed by an authentic specimen (m. p. 234°) made according 
to Rule and Brown (J., 1934, 171) (Found: N, 13-0. Calc.: N, 12-8%). 
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118. Polycyclic Thiazoles. 


By Epwarp B. Knott. 


The f-bromo-derivatives of B-benzoylpropionic acid and of f-benzoylisobutyric acid condense with thio- 
amides to give substituted 4-phenylthiazole-5-acetic acids (II). On cyclisation with acetic anhydride (11) gives 
derivatives of 4’-hydroxynaphtha-\’ : 2’ : 4 : 5-thiazole (III). When KR = Me, (II) also gives 4’-hydroxy-3’-acetyl- 
2-methylnaphtha-\" : 2’ : 4 : 5-thiazole (X) as by-product. Similar reactions with B-bromo-B-1- and B-bromo-B-2- 
naphthoylpropionic acids yield derivatives of 1’-hydroxyphenanthra-4’ : 3’: 4: 5-thiazole (V) and 4’-hydroxy- 
phenanthra-\’ : 2’ : 4 : 5-thiazole (VII) respectively, and $-bromo-B-2-thienoylpropionic acid gives substituted 
4’-hydroxythionaphtheno-7’ : 6’ : 4 : 5-thiazoles (IX). 


ALL the well-known methods for the preparation of thiazoles containing a condensed carbocyclic or hetero- 
cyclic system are based on the final thiazole ring formation from intermediates containing the other desired 
tings (Jacobson, Ber., 1885, 20, 1895; Hugershoff, Ber., 1903, 36, 3121; Hofmann, Ber., 1880, 13, 1236, etc.). 
These methods are general for the production of 2-substituted polycyclic thiazoles which are useful as inter- 
mediates for photographic sensitising dyes. They suffer, however, from the disadvantage that low yields are 
obtained when the molecule becomes complex. The following method differs from the above in that the 
thiazole ring is first formed by a normal Hantzsch condensation, followed by an intramolecular cyclisation to a 
condensed system, giving, in good yield, a variety of polycyclic thiazoles containing a hydroxyl group in the 
carbocyclic ring which is fused to the thiazole ring. 
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The simplest polycyclic thiazole which can be prepared by this method is a $-naphthathiazole. §-Bromo- 
B-benzoylpropionic acid (1; R’ = H) condensed with various thioamides to give 2-substituted 4-pheny!- 
thiazole-5-acetic acid (II; R’ = H). This acid was also obtained from its methyl ester prepared from methy| 
6-bromo-f-benzoylpropionate. On treatment of compounds of type (11; R’ = H) with acetic anhydride and 
sodium acetate they readily underwent an intramolecular ring-closure to give 2-substituted 4'-acetoxynaphtha- 
1’ : 2’: 4: 5-thiazoles (III). In cases where R = Me a by-product, which will be described later, was isolated 


HO,C-CHR’-CHBr R’ 


HO,C-CHR’;—s Ac 
ge 


—> + 


+ 


(I.) (IT.) (III.) 


from the cyclisation reaction mixture. The thioamides used were thiourea and thioacetamide, which yielded 
thiazoles where R = NH, and Me respectively. An extension of the Hantzsch synthesis employing S-alkyldi- 
thiocarbamates (Buchman, Reims, and Sargent, J. Org. Chem., 1941, 6, 764) was also applied and gave 
substances where R = S-alkyl. 

The generality of this reaction for the preparation of §-naphthathiazoles containing substituents in the 
benzene ring not forming part of the thiazole ring was shown by commencing with substituted $-benzoyl- 
propionic acids. By commencing with f-bromo-f-benzoylisobutyric acid (I; R’ = Me), 3'-methyl-8-naphtha- 
thiazoles were obtained. 

Extending the reaction to 8-bromo-B-1- and -bromo-8-2-naphthoylpropionic acids, 4-1'- and -2'-naphthyl- 
thiazole-5-acetic acid derivatives (IV and VI) were prepared, which were cyclised respectively to 2-substituted 
1’-acetoxyphenanthra-4' : 3' : 4 : 5-thiazoles (V) and 4'-acetoxyphenanthra-1' : 2’ : 4: 5-thiazoles (VII). 


HO,C-CHyy— 
HO,C-CH," .  AcOK 


OO 


(IV.) (VIL.) 


Cyclisation of (IV) can lead only to (V), but (VI) can, theoretically, give (VII) by closure at the 1’-carbon 
atom, or an anthrathiazole by closure at the 3’-carbon atom. One product only was obtained which was 
shown to be (VII) by removing the acetyl group and subjecting the purified phenol to a zinc dust-hydrogen 
distillation. The distillate consisted chiefly of phenanthrene. This exclusive phenanthrene formation is 
analogous to the sole formation of ketotetrahydrophenanthrene on cyclisation of §-2-naphthylbutyric acid 
(Schroeter, Miiller, and Huang, Ber., 1929, 62, 645; Haworth, J., 1932, 1125). 

The formation of tricyclic thiazoles containing a second heterocyclic nucleus was also achieved by this 
method. £$-Bromo-B-2-thienoylpropionic acid was converted into derivatives of 4-(2’-thienyl)thiazole-5-acetic 
acid (VIII), which were cyclicised very smoothly to 2-substituted 4’-hydroxythionaphtheno-7' : 6’ : 4: 5-thiazoles 
(IX). 

Ac 


HO,C-CH,: — HO’ \—S 
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The conditions necessary for good yields of the primary thiazoles vary considerably and the methods 
described are the best of a great number of experiments. In general the yields fall’in the direction 
R = NH, —> CH; —-> S-alkyl. In many cases the addition of sodium carbonate during the condensation 
increases the yield of base. The period of reflux of the acids necessary for complete cyclisation was much 
longer for the 4-phenylthiazole-5-acetic acid derivatives than for the corresponding -5-propionic acids or 
4-naphthy] or 4-thienyl analogues. 

All the acetates were very easily hydrolysed within seconds by cold aqueous-alcoholic sodium hydroxide. 
Where R = Me or S-alkyl the parent hydvoxy-thiazoles were isolated and characterised as ethers. Where 
R = NHAc the free hydroxy-base is readily oxidised in the atmosphere. All the hydroxy-thiazoles reduce 
silver nitrate and in caustic alkaline solution will function as photographic developing agents. Attempts to 
remove the hydroxyl group by zinc dust-hydrogen distillation caused destruction of the thiazole ring. 

The by-product from the cyclisation of 4-phenyl-2-methylthiazole-5-acetic acid was isolated from the methyl 
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alcohol washings and recrystallisation liquors of the primary cyclisation product. It is the acetate of 4'-hydroxy- 
3'-acetyl-2-methylnaphtha-\' : 2’ : 4: 5-thiazole (X). Hydrolysis gave the yellow hydroxy-ketone (X), which is 
distinguished by its intense green fluorescence to ultra-violet light. It can thus be readily detected if con- 
taminating the 3’-unsubstituted product, which does not fluoresce to the same light. It differs considerably 
from the latter substance by having a much lower melting point, by its solubility in aqueous sodium carbonate 
or ammonia and by its non-reducing properties. The latter difference is not due to the occupation of the 
3'-position per se, since the 3’-methy] analogue does reduce silver nitrate; it is attributed rather to the resonance 
of the o-hydroxy-ketonic system, which retains more firmly the electron normally lost on oxidation. This 
resonance also gives the substance its colour. Its salts give a deep yellow solution which is analogous to the 
yellow salts of the almost colourless 2-acetyl-1-naphthol (Witt, Ber., 1888, 21, 821). The formation of (X) and 
the latter compound appear to depend on the same type of reaction, i.e., heating a phenol and acetic acid in the 
presence of dehydrating agents. 

The identity of (X) was shown by a Fries rearrangement of (III; R = Me, R’ = H) and by the following. 
4'-Hydroxy-2-methyl-8-naphthathiazole condensed with acetyl chloride or acetic anhydride in nitrobenzene 
under the influence of aluminium chloride to give (X). Chloroacetyl chloride also reacted under like con- 
ditions, introducing the chloroacetyl group, presumably in the same position as the acetyl group. The chloro- 
acetyl derivative (XI), characterised as its acetate, lost hydrogen chloride on treatment with aqueous sodium 
carbonate, giving a solid which, from its properties can only be 3’-keto-2-methylbenzcoumarano-5’ : 4’ : 4: 5- 
thiazole (XII). 
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In alcoholic sodium hydroxide or ethoxide, solutions of (XII) rapidly develop an intense red colour character- 
istic of simpler coumaranones (Fries and Finck, Ber., 1908, 41, 2271; Fries and Pfaffendorf, Ber., 1910, 43, 
213). The reactive methylene group of the coumaranone ring coupled readily with 2-methylthioquinoline 
methiodide to give the dye (XIII). An alcoholic solution of (XII) shows an intense blue fluorescence to ultra- 
violet light. At pH 1-1 this changes to white and below pH 1-0 to an intense yellow. It may therefore be of 


use as a fluorescent indicator. Standard solutions at these low pH values lose their fluorescing properties after 
a time. 


EXPERIMENTAL. 


(Microanalyses are by Drs. Weiler and Strauss, Oxford : m. p.’s are not corrected.) 

B-1- and B-2-Naphthoylpropionic Acids.—The procedure of Haworth (J., 1932, 1124) was used, but by increasing the 
amount of solvent nitrobenzene by 25% a complete separation of the isomers was obtained on decomposing the Friedel- 
Crafts reaction mixture. The £-2-isomer was precipitated as a solid, and the f-l-isomer remained in the nitrobenzene 
layer, from which it was extracted by aqueous sodium carbonate. The isomers were thus obtained in equal yield. 

p-Bromo-acids.—The acid (250 g.; 1 mol.) was dissolved in hot chloroform (2 1.), and bromine (5c.c.) added. Heating 
was continued until the bromine was absorbed. The remainder of the bromine (1 mol. in all) was then readily absorbed 
without further heating. The chloroform solution was washed four times with water, dried, and the solvent removed. 
The acid was usually left as an oil which crystallised on addition of carbon disulphide. 

8-Bromo-B-1-naphthoylpropionic acid crystallised almost completely during the washing process. Unless otherwise 
oy all the acids were recrystallised from carbon disulphide. For other such bromo-acids see Bougault (Ann. Chim., 
908, 15, 464). 


% Br. 
B-Bromopropionic acid. Crystal form. M. p. Formula. Found. Required. 
p-4-Methylbenzoyl Flat needles 122—124° C,,H,,0,Br 29-35 
p-4-Ethylbenzoyl Pale yellow oil ¢ C,,H,,0,Br 27°8 
p-4-isoPropylbenzoyl Irregular ¢ C,,;H,,0,Br 27-4 
B-2 : 4-Dimethylbenzoyl Needles , C,,H,,0,Br 28-15 
B-4-Chlorobenzoyl Needles C,,H,0,Cl1Br 39-4 (Hal) 
B-4-Ethoxybenzoyl Needles | C,,H,,0,Br 26-5 
B-1-Naphthoyl Silky needles 6 C,,H,,0,Br 26-35 
B-2-Thienoyl Prisms 127—128 C,H,O,BrS 30-25 


4, from ligroin; b, from benzene. 


B-Bromo-B-benzoylisobutyric ie acid (Oppenheim, Ber., 1901, 34, 4228) was brominated as 


for the propionic acids, giving the required aci 

(,,H,,0,Br requires Br, 29-5%). 

iene B-bromo-f-benzoylpropionate was obtained similarly as an oil which decomposed on attempted vacuum 
Condensations with Thiourea.—The acid (1 g.-mol.), thiourea (I g.-mol.), and isopropy! alcohol (500 c.c.) were boiled 

for 15 minutes, anhydrous sodium carbonate (0-5 g.-mol.) added, and heating continued until the evolution of carbon 


as tiny needles, m. p. 163°, from chloroform-ligroin (Found: Br, 29-25. 
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dioxide had ceased. The precipitation of the base was completed by addition of water. Crystallisations were from 
alcohol or aqueous alcohol. The yield was 90—98%. 


2-A minothiazole-5-acetic acid. Crystal form. M. p. Formula. Found, %. Required, %. 
4-Phenyl Needle rosettes 230—231° C,,H,,0,N,S C, 56-45 56-4 
, 44 4:3 
. N, 11-8 11-95 
4-(4’-Methylphenyl) Threads 224 C,2H,,0,N,S N, 10-75 10-65 
4-(1’-Naphthyl) Yellow grains 258—259 C,,;H,,0,N,S S, li-l 11-3 
4-(2’-Naphthyl) Colourless grains 255—256 C,,H,,0,N,S N, 10-05 9-85 
S, 11-6 11-3 
4-(2’-Thienyl) Irregular 202—203 C,H,O,N,S, S, 24-9 24-8 


a-5-(2-A mino-4-phenylthiazole)propionic acid (Il; R = NHg, R’ = Me) formed a white powder, m. p. 240° from 
isopropyl alcohol in 83% yield (Found: S, 12-65. C,,H,,0O,N,S requires S, 12-9%). 

Methyl 2-amino-4-phenylthiazole-5-acetate formed pale yellow prisms, m. p. 167—168°, from ethyl alcohol in 87% 
yield (Found: S, 12-6. C,,H,,0.N,S requires S, 12-9%). 

Condensations with Thioacetamide.—(a) 4-(2’-Thienyl)-2-methylthiazole-5-acetic acid. B-Bromo-f-2-thienoylpropionic 
acid (13-15 g.; 0-05 mol.), thioacetamide (3-75 g.; 0-05 mol.), and cold isopropyl alcohol (50 c.c.) were shaken until the 
solid had dissolved and left for 24 hours. A mass of crystals of the hydrobromide separated. The base (10 g.) formed 
colourless needle clusters, m. p. 158—159°, from benzene (Found: S, 26-8. C,)9H,O,NS, requires S, 26-8%). 

(b) B-Bromo-f-aroylpropionic acid (1 g.-mol.), thioacetamide (1 g.-mol.), and isopropyl! alcohol (500 c.c.) were heated 
to 50°. Heat was evolved but the temperature was kept below 65° by cooling. After the reaction mixture had cooled 
to 40° (1—2 hours), anhydrous sodium carbonate (0-5 g.-mol.) was added with good shaking, and the mixture left for 
1—2 days. In most cases the base crystallised. It was then diluted with water, a little dilute hydrochloric acid added, 
and the solid collected after 2 hours. It was shaken with ether to remove any oil and recrystallised from methyl or ethy| 
alcohol. 


2-Methylthiazole-5-acetic acid. Crystal form. M. p. Yield, %. Formula. Found, %. Required, %. 

4-Phenyl Thick needles 202—203° 93-5 C,.H,,0,NS C, 61-7 61-75 

H, 4-8 4-75 

S, 13-7 13-75 
4-(4’-Methylphenyl) Cubes or needles 200—202 90 C,3H,,0,NS S, 13-3 13-0 
4-(4’-Ethylphenyl) Flat cream needles 155 60 C,,H,,0,NS S, 12-5 12-3 

4-(4’-isoPropylphenyl) Flat cream needles 173—174 74 C,;H,,0,NS S, 11-5 11-65 
4-(2’: 4’-Dimethylphenyl) Needles 189—190 86 C,,H,,0,NS S, 12-1 12-3 
4-(4’-Chlorophenyl) Short needles 200—204 91 Cy2H,,O,NCIS S, 12-2 12-0 
4-(1’-Naphthyl) Needles 212—213 43 C,,H,,0,NS C, 67°5 67:8 

H, 46 4-65 

S, 11-35 11-35 

4-(2’(-Naphthyl) Irregular 226—229 68 C,,H,,;0,NS S, 1}-2 11-35 


4-(4’-Methoxyphenyl)-2-methylthiazole-5-acetic Acid.—On recrystallisation the first crop (45% yield), m. p. 189—190°, 
showed a weak white fluorescence in ultra-violet light (Found: S, 12-2. C,3H,,;0,NS requires S, 12-2%). The second 
crop (43% yield), m. p. 171—179°, fluoresced intensely blue-green in ultra-violet light and reverted to the higher melting 
form on recrystallisation (Found: S, 12-2%). 

4-(4’-Ethoxyphenyl)-2-methylthiazole-5-acetic Acid.—The first crop on recrystallisation formed needles, m. p. 188—190° 
(12% yield) (Found: S, 11-4. C,4H,,0,NS requires S, 11-6%). The second crop (73% yield) formed large glassy 
crystals, m. p. 169—190°, with a bright green fluorescence in ultra-violet light, reverting to needles, m. p. 188—190°, 
on recrystallisation (Found: S, 11-45%). 

a-5-(4-Phenyl-2-methylthiazole)propionic Acid.—It formed hard, glinting needle rosettes, m. p. 172—173°, in 10% 
yield (Found: S, 12-95. C,sH,,0,NS requires S, 12-95%). 

Condensations with S-Alkyldithiocarbamates.—(a) The bromo-acid (1 g.-mol.) and alkyldithiocarbamate (1 g.-mol.) 
were dissolved by shaking at room temperature in isopropyl alcohol (1 1.), left for 48 hours, and water then added to 
precipitate the base as an oil, which usually solidified on standing. It was crystallised from benzene-light petroleum or 
aqueous alcohol. 


S, %. 
Thiazole-5-acetic acid. Crystal form. M. p. Yield, %. Formula. Found. Bicteed. 
2-Methylthio-4-phenyl Needle rosettes 145° 39 C,,H,,0,NS, 24-25 24-2 
2-Ethylthio-4-phenyl Fine needles 116 23 C,3H,;0,NS,,H,O 21-55 21-5 
2-Methylthio-4-(4’-methylphenyl) Needles 176 38 C,3H,,;0,NS, 22-55 22-95 
2-Methylthio-4-(2’-naphthyl) Needles or prisms 154 42 C,,H,,;0,NS, 20-4 20-35 


(b) 2-Methylthio-4-(1’-naphthyl)thiazole-5-acetic Acid.—The reactants were heated to 60°, and anhydrous sodium 
carbonate (0-5 g.-mol.) added to the solution, which was then left for 48 hours. When the carbonate addition was 
omitted the bromo-acid crystallised on cooling. The base was precipitated with water and crystallised from benzene. 
It formed light needle clusters, m. p. 125° (Found : S, 20-55. C,H ,3;0,NS, requires S, 20-35%). 

Cyclisation.—The acid (10 g.), anhydrous sodium acetate (2-5 g.), and acetic anhydride (40 c.c.) were refluxed. The 
4-phenylthiazole-acetic acids required 3 hours, the 4-naphthyl analogues 5—30 minutes depending on R, the 4-thienyl 
analogue 30 minutes and where R’ = Me, 10—30 minutes. Where R = NH, in all cases the cyclisation product 
crystallised during the refluxing. The reaction mixture was diluted with acetic acid (10 c.c.) and poured into water 
(250 c.c.). The resultant solid was washed with methy] alcohol and recrystallised from the same solvent. The washings 
and crystallisation liquors contained the by-product. Where R = NH, the yields were about 90%, where R = Me, 
50—70% and when R = S-aikyl, 30—40%. 

The acetates were hydrolysed by dissolving them in hot or cold alcohol and adding an excess of cold, aqueous 2N-sodium 
hydroxide. After a few seconds the whole was diluted with water, and the clear solution aciditied. The hydroxy- 
thiazoles were crystallised from methyl or ethyl alcohol. The ethers were obtained by treatment of the phenols at 60° 
with alkaline alkyl sulphates and crystallised from methyl alcohol. 








rom 
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Naphtha-\’ : 2’ : 4 : 5-thiazoles. 
9-Acetamido-4’-acetoxy- 


9-A cetamido-4’-acetoxy-6’-methyl 
4’-Acetoxy-2-methyl- 


4’-Hydroxy-2-methyl- 


4’-Methoxy-2-methyl- 
4'-Ethoxy-2-methyl- 
4’- Benzoyloxy-2- -methyl- 
4’-Acetoxy-2 : 6’-dimethyl- 
4'-Hydroxy-2 : 6’-dimethyl- . 
4’-Methoxy-2 : 6’-dimethyl- 
4’-Ethoxy-2 : 6’- -dimethyl- 
4’-Benzoyloxy-2 : 6’-dimethyl- 
4’- ro ig -methyl-6’-ethyl- 
4'-Hydroxy-2-methyl-6’-ethyl- 
ye en, methyl-6’-ethyl- 
4’-Ethoxy- ——, -6’-ethyl- 
4’-Acetoxy-2-methyl-6 ‘-isopropyl- 
4’-Hydroxy-2-methyl-6 ’-isopropyl- 
4’-Methoxy-2-methyl-6’-isopropyl- 
4’-Ethoxy-2-methyl-6’-isopropyl- 
4’-Acetoxy-2 : 6’ : 8’-trimethyl- 
4’-Hydvoxy-2 : 6’ : 8’-trimethyl- 
4’-Methoxy-2 : 6’ : 8’-trimethyl- 
4'-Ethoxy-2 : 6’ : 8’-trimethyl- 
4’-Acetoxy-6’- -methoxy-2- methyl- 
4’-Hydroxy-6’-methoxy-2-methyl- 
4’ : 6’-Dimethoxy-2-methyl- 
6’-Methoxy-4’-ethoxy-2-methyl- 
4’-A cetoxy-6’ -ethoxy- 2-methyl- 
4’-Hydroxy-6’-ethoxy-2-methyl- 
4’-Methoxy-6'-ethoxy-2-methyl- 
4’: 6’- ee a 
6’ -Chloro-4’ ‘-acetoxy-2 -meth _ 
6’-Chloro-4 ~hydroxy-2 -methyl- 
° Chloro-4’-methoxy-2-methyl- 
6’-Chloro-4’-ethoxy-2-methyl- 
4’-Acetoxy-2-methylthio- 
4’-Hydroxy- 2-methylthio- 
4’-Methoxy-2-methylthio- 
4’-Acetoxy-2-ethylthio- 
4’-Hydroxy- 2-ethylthio- 
4’-A cetoxy-2-methylthio-6’ -methyl- 
4’-Hydroxy- -2-methylthio-6’ methyl- 
4’-Methoxy-2- methylthio- -6’-methyl- 
4’-Acetoxy-2 : 3’ ~dimethyl- 
4’-Hydroxy-2 : 3’-dimethyl- 
4’-Methoxy-2 : 3’-dimethyl- 
4’-Ethoxy-2 : 3’ ~dimethyl- 
2-A cetamido-6’-acetoxy-3’-methyl- 


Knott : 


Crystal form. 
Pale yellow needles 


Cream plates 
Long cream needles 


Yellow needles 


Yellow prisms 
Yellow prisms 

Long silky needles 
Long silky needles 
Pale yellow needles 
Greenish plates 
Pale yellow needles 
Silky needles 

Silky needles 

Flat needles 

Needle rosettes ¢ 
Yellow needles 
Silky needles 

Flat yellow needles 
Pale yellow plates 
Thick yellow needles 
Matted needles 
Yellow needles 
Colourless needles 
Pale yellow plates 
Needles, threads 
Flat needles 

Thick needles 

Flat, pale yellow needles 
Flat, yellow needles 
Tiny cream needles 
Pale yellow needles 
Flat yellow needles 
Colourless threads 
Flat needles 

Flat, pale yellow spikes 
Yellow needles 

Pale yellow plates 
Pale yellow needles 
Slender needles 
Colourless flakes 
Needles 

Yellow needles 
Yellow needles 
Needles 

Needle rosettes 
Needles 

Pale yellow needles , 
Pale yellow needles 
Asbestos-like needles 


Phenanthra-4’ ; 3’ : 4: 5-thiazoles (Type V). 


2-Acetamido-1’-acetoxy- 
\’-Acetoxy-2-methyl- 


a -Hydroxy-2 -methyl- 
1’-Methoxy-2-methyl- 
l’-Ethoxy-2- -methyl- 

- -Acetoxy-2-methylthio- 
l’-Hydroxy-2-methylthio- 


Needles 
Flat needles 


Pale yellow plates 

Pale yellow needles 
Pale yellow flat needles 
Pale yellow flat needles 
Yellow needles 


Phenanthra-\’ : 2’ : 4 : 5-thiazoles (Type VII). 


2-A cetamido-4’-acetoxy- 
4’-A cetoxy-2-methyl- 


4’-Hydroxy-2-methyl- 


¢ Methouy-S-meth 1- 
Ethoay-2-methyr- 
tAcstosy-2-met yithio- 
4’-Hydroxy-2-methylthio- 


a, from aqueous alcohol; 


Irregular ® 
Silky needles 


Yellow needles 


Yellow needles 
Yellow needles 
Threads 

Yellow needles 


Polycyclic Thiazoles. 


M. p. 
286° 


286 
140—141 


252 (subl.) 


100 

147—148 

169 

162 

260 (decomp.) 

103—104 

121—122 

162—163 

122-5 

248 (decomp.) 
65 


87—88 
101—101-5 
231 (solid) 

63—64 


161—162 
257 (decomp.) 
74 


115—116 
160—162 

243 (decomp.) 
120—121 
145—146 
209—210 

280 (decomp.) 
134-5 


183-5 
143 
255 
110—111 
101—103 
206 
155—156 
213 (subl.) 
109—110 
171—172 
300 
91—92 
100—101 
300 


279° 
167—169 


250 (subl.) 
136—137 
144—145 
128—129 . 
162—164 


. 290 


159-5 


278—280 
(subl.) 

173 

177-5 

152 

240 (subl.) 





Formula. 
C,,H,,0,N,S 


C,,H,,0,N,S 
C,,H,,0,NS 


C,,H,ONS 


C,,H,,0NS 
Cy9H,30,NS 
C,3H,,ONS 
C,,4H,,ONS 
C,;H,,ONS 
16H ,,0,NS 
C,4H,,0NS 
C,,;H,,ONS 
C,,.H,,ONS 
C,,H,,0,NS 
C,;H,,ONS 
H,,ONS 
C,,H,ONS 
uH,,ONS 
C,3H,,0,NS 
C,4H,;0,NS 
C,,H,,0,NS 
C,,.H,,0,NS 
Ciel 20,NS 
eno 
C,6H,;0,NS 


C,4H,,0,NCIS 


C,,H,ONCIS 
C,3H,sONCIS 
C,,4H,,ONCIS 
C,4H,,0,NS, 
12**9 2 
C,3H,,ONS, 


C15H30,NS, 


\Ci3H,,ONS, 


C15H,,0,NS, 
Cy3H,,ONS, 
C,,4H,;ONS, 
C,5H,30,NS 
C,3H,,ONS 
C,5H,,ONS 
Cy6H,O3N,S 


C,,H 1 ,03;N,S 
CygH130,NS 


C,,H,,ONS 
C,;H,,ONS 
C,.H,,ONS 
C,,H,30,NS, 
C,,H,,ONS, 


Cy9H,,0,N,S 


C,,H,,0NS 
C,,H,,0,NS, 
C,.H,,ONS, 


b, from acetic anhydride; c, from ligroin. 


Found, %. 
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‘Naphtha-\’ : 2’ : 4 : 5-thiazcles. Crystal form. M. p. Formula. Found, %. Required. 
Thionaphtheno-7’ : 6’ : 4 : 5-thiazoles (Type IX). 
2-Acetamido-4’-acetoxy Flat cream needles 285—289 C,3H,O3N2S. 
4’-A cetoxy-2-methyl- Pink needles ¢ 130—130-5 C,,H,O,NS 


4’-Hydroxy-2-methyl- Needles 268 (subl.) C,,H-;ONS, 
4’-Methoxy-2-methyl- Plates 127-5—128 C,,H,ONS, 


4’-A cetoxy-3’-acetyl-2-methylnaphtha-1’ : 2’ : 4 : 5-thiazole-——The methyl-alcoholic washings and crystallisation liquors 
from the primary cyclisation product of 4-phenyl-2-methylthiazole-5-acetic acid were concentrated and.left for several 
days. The ketone separated and was recrystallised from methanol. It formed colourless needles, m. p. 205°, in 20% 
yield (Found: S, 10-55. C,,H,,0,;NS requires S, 10-7%). 

4’-Hydroxy-3'-acetyl-2-methylnaphtha-\’ : 2’ : 4 : 5-thiazole (X).—(a) The above acetate was dissolved in hot spirit, 
and an excess of 2n-sodium hydroxide added. The deep yellow solution was immediately diluted with water, and the 
yellow ketone precipitated by acidifying with acetic acid. From methyl alcohol it formed yellow needles, m. p. 126~— 
127° (Found: C, 65-25; H, 4-4; N, 5-6; S, 12-55. C,,H,,0O,NS requires C, 65-35; H, 4-3; N, 5-45; S, 12-45%). 

(b) 4’-Hydroxy-2-methyl-8-naphthathiazole (0-5 g.), nitrobenzene (5 c.c.), acetyl chloride (0-2 g.) or acetic anhydride 
(0-3 g.), and aluminium chloride (1-0 g.) were mixed and heated on the steam-bath for 4 hours. Decomposition with 
dilute hydrochloric acid gave yellow flocks of (X). A further yield was obtained by extracting the nitrobenzene layer, 
diluted with ether, with aqueous sodium carbonate. The total yield was 0-35 g. From methyl alcohol it formed yellow 
needles, m. p. 126°, not depressed on admixture with (X) from (a). 

(c) (III; R = Me, R’ = H) (0-5 g.), aluminium chloride (2-0 g.), and nitrobenzene (5 c.c.) were heated together on 
the steam-bath for 4 hours, and the product (0-2 g.) isolated as for (b). It gave no depression in m. p. on admixture 
with the product from (a). 

The 2 : 4-dinitrophenylhydrazone formed scarlet needles from alcohol, m. p. 300° (Found: N, 15-7. CygH;,0;N,S 
requires N, 16-0%), the hydrazone orange prisms, m. p. 173° (solid, and turned scarlet), from alcohol (Found: N, 15-2. 
C4,4H,,ON;,S requires N, 15-5%), and the methyl ether pale yellow prisms, m. p. 113—114°, from methyl alcohol (Found: 
‘S, 12-05. C,,;H,,0,NS requires S, 11-8%). 


, 


S, 
C, 
H, 
S, 
Ss, 
Ss, 


4’-Acetoxy-3’-acetyl-2 : 6 -dimethylnaphtha-1’ : 2’: 4: 5-thiazole.—Cyclisation of 4-(4’-methylphenyl)-2-methylthi- 
azole-5-acetic acid gave a 15% yield of the ketone. It formed cream needles, m. p. 216°, from alcohol (Found: §, 9-9. 
C,,H,,;03NS requires S, 10-25%). The 2 : 4-dinitrophenylhydrazone formed orange needles, m. p. 306°, from alcohol 
(Found: N, 14-35. C,3H,,0O,N,S requires N, 14-2%). 

4’-Hydroxy-3'-acetyl-2 : 6’-dimethylnaphtha-\’ : 2’ : 4 : 5-thiazole——Obtained by hydrolysing the above acetate, it 
formed yellow needles, m. p. 165—166°, from methyl alcohol (Found: S, 11-6. C,;H,,0,NS requires S, 11-85%). 

4’-Hydroxy-3'-chloroacetyl-2-methylnaphtha-\' : 2’ : 4 : 5-thiazole (X1).—Proceeding as for the preparation of (X) (b) 
but using chloroacetyl chloride, a solid was obtained on decomposing the reaction mixture. It could not be crystallised. 
A portion was heated with acetic anhydride and anhydrous sodium acetate until the yellow colour had disappeared. The 
acetate was precipitated with water and formed silky needles, m. p. 170—171°, from alcohol (Found: §S, 10-2. 
C,¢H,,0,NCIS requires S, 10-4%). 

3’-Keto-2-methylbenzcoumarano-5’ : 4’ ; 4 : 5-thiazole (XII).—(XI), dissolved in hot 2n-sodium carbonate, gave a 
yellow solution, from which the coumaranone separated almost immediately. From benzene with charcoal treatment it 
formed pale yellow needles, m. p. 233° (Found: C, 66-0; H, 3-7; S, 12-26. C,H,O,NS requires C, 65-85; H, 3-55; 
S, 12-55%). 

2 (A othyl-I : 2-dihydroquinolylidene)-2’-(3’-keto-2-methylbenzcoumarano-5’ : 4’ : 4 : 5-thiazole) (XIII).—The coumar- 
anone (258 mg.) and 2-methylthioquinoline methiodide (317 mg.) were dissolved by refluxing in ethyl alcohol (300 c.c.). 
Triethylamine (2 drops) was then added, whereupon the dye separated. Boiling was continued until the evolution of 
mercaptan had ceased (15 minutes), and the dye collected when cold and recrystallised from alcohol. It formed silky, 
red needles, m. p. 300° (Found: S, 8-15. C,.4H,,0,N,S requires S, 8-1%). It sensitised a silver chloride photographic 
emulsion with maxima at 4850 and 5200 a. 


Kopak LIMITED, WEALDSTONE, HARROW, MIDDLESEX. [Received, December 8th, 1944.] 





119. The Extent of Dissociation of Salts in Water. Part X. Dissociation 
Minima. 
By Ceci, W. Davies. 


In solutions in which the ionic strength increases sufficiently rapidly with increasing concentration, ion- 
association will increase up to a critical concentration, and thereafter will decrease. The degree of dissociation 
of the electrolyte will therefore have a minimum value. Eviderice for this is found amongst aqueous solutions 
containing multivalent ions, and it is suggested that the effect will have an important bearing on the properties 
of colloid systems and non-aqueous solutions. 


in classical theory the degree of dissociation of a binary electrolyte was governed by the condition 
a*m/(1 — «) = K, from which it followed that any increase in the concentration of the electrolyte was accom- 
panied by a decrease in its degree of dissociation. When we formulate the equilibrium with due regard to 
deviations from ideal behaviour, and write f,2a2m/f,(1 — «) = K, this familiar consequence is no longer neces- 
sarily valid, for concentrations may be reached in which f,2m/f, decreases, and in which « must therefore 
increase, with rise in concentration. If this occurs, the electrolyte will show a minimum degree of dissociation 
(a maximum extent of ion-association) at some intermediate concentration, on either side of which it will 
increase. The objects of the present paper are to show that this novel type of behaviour may be expected to 
be quite common, to bring’ forward experimental evidence in support of it, and to offer it as an explanation 
for some of the anomalies which electrolyte solutions still present. 
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The treatment of typical strong electrolytes on the basis of a dissociation equilibrium was used in 1926 by 
Bjerrum, who showed how a (somewhat arbitrary) distinction between free ions and ion pairs made it possible 
to correct for the ‘‘ close approach ”’ effects, for which the conventional Debye—Hiickel treatment of strong 
electrolytes does not provide. 

A more general treatment based on incomplete dissociation has been applied in the present series of papers 
to conductivities and to solubilities and other thermodynamic properties in pure and mixed electrolyte solutions. 
Concordant dissociation constants have been derived for numerous electrolytes from two or more of these 
independent sources; the method has predicted the sign and magnitude of the large departures from additivity 
found in the conductivity of certain mixtures (J., 1938, 448); and the existence of association products like 
KSO,’ has been demonstrated by transport numbers (Trans. Faraday Soc., 1930, 26, 592). From the practical 
point of view it is an advantage rather than a defect of the general treatment that it is unnecessary to dis- 
tinguish between cases where association is to be attributed entirely to electrostatic influences and those where 
itis not. In some cases the salt though incompletely dissociated is probably completely ionised. In others 
this is not so, for there is a marked difference between the optical properties of the association product and 
those of the ions from which it is formed (J., 1938, 271); and, again, many of the measured dissociation con- 
stants would lead, on Bjerrum’s treatment, to impossibly small ionic diameters (Trans. Faraday Soc., 1931, 
27, 621; 1932, 28, 609). 

An important outcome of this work, for our present purpose, is the fact that the individual differences 
amongst measured activity coefficients in dilute solutions are almost entirely removed when the necessary 
allowances for incomplete dissociation are made. The equation log f= — 0-502%{+/T / + VI) — 0-201 } (fis 
the ionic activity coefficient, z the valency of the ion, J the ionic strength) has been shown to give mean ionic 
activity coefficients in reasonably good agreement with the corrected data for a large number of salts of various 
valency types in water at 25° up to an ionic strength J = 0-1 (J., 1938, 2093). The deviations from it which 
appear in more concentrated solutions seem to depend on the concentrations (and not on the valencies) of the 
ions present; so that if we accept J = 0-1 as the limit beyond which specific deviations from it are too im- 
portant to be ignored, we may expect it to be the more accurate the higher the valency type of the electrolyte 
to which it is applied, and this provides justification for placing some reliance on the equation when applied 
to high-valency type electrolytes of which experimental knowledge is scanty. 

The Conditions for Dissociation Minima.—For a binary electrolyte we have f,*a*m/f,(1—«) = K. At 
ionic strengths below 0-1 we can without serious error put f, = 1, and f, is given by the equation 


— logiy f.? = 2{V/T/(1 a V1) — 0-20/}, 


where z is the valency of the constituent ions. We also have I = amz*. Differentiation of these three 
expressions gives 


d d(f?) ai 
frat + aftam 2 + am FE AVI aS. ee e ~ o) 


dm 
1 df?) > 1 
= * =. = 2% 0-4/1 — ——— >=, oe oe ee a ee 
f? d(V/1) O8 10 © z Vv (1 + /1)2 (2) 
(3) 
Putting d«/dm = 0, we obtain as the condition for a minimum in « from (3), 


2V/T . d(~/1)/dm = az? = I/m, or d(/1)/dm = V1 /2m. 


d(f?) vi _ 
d(V1I) 2m 


Substituting in (1), 


f 242 + a2m 


and substituting in (2), 


2 
22/1 logy ¢ = 0-4VT — 


(1 +.V7)* 
This gives no minimum in « for z = 1 or z = 2. For a ter-tervalent electrolyte it predicts a minimum at 
VI = 0-18, corresponding to am = 0-00188, and m = 0-00188 + 3-50 x 10-7/K. Although the equation 
gives no minimum for a bi-bivalent salt, the slope of the a—m curve decreases to a low value at = 0-1. Thus 
for an electrolyte of dissociation constant K = 0-005 the values calculated from our equations are: at J = 0-09, 
«= 0-61; at J = 0-10, « = 0-60; clearly, the appearance of a minimum at somewhat higher concentrations 
is very possible. With regard to unsymmetrical valency types, a minimum will not be expected for uni- 
bivalent salts. Almost the only other unsymmetrical salts for which any data are available are calcium 
ferro- and ferri-cyanides, and these are considered individually in a later section. 

Comparison with Experiment in Aqueous Solutions.—(a) Activity data. We are almost entirely restricted 
here to bi-bivalent electrolytes. The mean ionic activities of several sulphates have been determined at 25°, 
and may be inserted in the mass-action equation a,?/a, = y2m/f,(1 — «) = K, where y, is the stoicheiometric 


activity coefficient on the molar concentration scale. The data given by Kielland (J. Amer. Chem. Soc., 1936, 
II 
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58, 1855) for zinc sulphate, and those of LaMer and Parks (ibid., 1931, 53, 2040) for cadmium sulphate, both 
at 25°, are given below, recalculated to the molar concentration scale. 


Zinc sulphate. Cadmium sulphate. 


0-01 0-02 0-05 O-1 0-:1995 0-299 0-4975 0-01 003 005 O1 90-4959 
0-387 0-298 0-202 0-148 00-1043 0-0840 0-06373 0-383 0-254 6199 0-137 06-0610 
1-497 1-776 2-041 2-191 2-170 2110 2-019 1-467 1-935 1-981 1-877 1-845 


In both cases y,2m goes through a maximum. Unless, therefore, the values of f, show large departures 
from unity, the degree of association, 1 — «, must pass through a maximum. This conclusion is independent 
of any assumption that might be made as to the value of the dissociation constant, or the form of the extended 
Debye—Hiickel equation. 

(b) Conductivity data. When the concentration of an electrolyte is increased beyond that for minimum 
dissociation, the concentration of free ions will increase more rapidly than before, and so will the ionic strength 

Fic 1 of the solution and the magnitude of ionic atmosphere effects. 
The first effect will tend to increase the equivalent conductivity, 
and the second to reduce it. In extreme cases these opposing 
influences may result in a minimum, succeeded by a flat maximum, 
in the conductivity curve; more generally, a region of abnormally 
small slope, followed by a point of inflexion, will be expected. 
These possibilities are illustrated in curves 2 and 3 of Fig. 1, where 
curve 1 is intended to represent the conductivity of the completely 
dissociated electrolyte; the extent of divergence of curve 2 or 3 
from this is an approximate measure of the degree of ion- 
association, and is greatest in the region of minimum dissociation. 
Curves 4 and 5 show the data of Shoch and Felsing (J. Amer. 
Pie Chem. Soc., 1926, 38, 1916) for calcium ferricyanide and ferro- 
o_ cyanide in water at 25°. At first both curves fall far more rapidly 
than would be expected for completely dissociated salts, indicating 
-——— | extensive ion association; at higher concentrations they show 
just the peculiarities expected, and at the highest concentrations 
reached they are probably very highly dissociated. The calculated 
points of minimum dissociation are shown by arrows. 

The approximate points of minimum dissociation have been 
calculated as follows. Calctum ferrocyanide will dissociate in two 
stages : 

















S 
a 
f—~e1 





Ca,Fe(CN), ==> CaFe(CN),’’ + Ca’; 

CaFe(CN),” =>» Ca” + Fe(CN),’””. 
For the most dilute of Shoch and Felsing’s solutions (m = 0-00025, 
A = 105-1) the first-stage dissociation is taken as approximately 
complete and the second-stage is estimated from the mobilities : 
Ca”, 59-5 (Shedlovsky and Brown, J. Amer. Chem. Soc., 1934, 
: : : ~7 56, 1066); Fe(CN),’”’’, 110-3 (Davies, ibid., 1937, 59, 1760); 
° —_ “¥ sad ad CaFe(CN),’’, 60 (assumed); on this (infinite dilution) basis com- 
P plete formation of CaFe(CN),” would reduce the equivalent 
conductivity from 169-8 to 59-8. The observed decrease, approximately corrected for mobility changes, 
corresponds to just under 50% association; this gives [Ca*’][Fe(CN) ,’”’’]/[CaFe(CN) ,’"] = 1-5 x 0-00025, and 
the activity correction being applied, K, = 2 x 10+. K,,whichisless important in the calculations, is assumed 
to be 0-005, the value found for several bivalent metal sulphates. If now we write [Ca,Fe(CN),] = (1 — «)m 

and [CaFe(CN) ,’"] = am(1 — 8), then [Fe(CN),’’"’] = afm and [Ca™] = a(1 + 8)m. Hence 


log (C2 CaFe(CN) 6] me 2. 8)(1 — B)a®m 
[Ca,Fe(CN),] ~~ °8 l—a 




















0 











/ VJT 
= log 0-005 + 4 ——~-— 0-20] |). . (5 
comes Mom!) . 


[Ca*"}[Fe(CN) .””"] 
[CaFe(CN),”] 


(1 + B)aBm 

—__————— = log 2 x 10“ + 8} ——_> 
I- 6 og 2 x + liv 

log J = log (4 + 88) + log am. 


Elimination of am from equations (6) and (7) gives an equation from which 8 can be found graphically for 
various values of J; am can then be found from equation (7), and hence « from (5). Table I gives some of the 
calculated values. 

The calculations show that 8 (the fraction of second-stage dissociation) decreases rapidly to a minimum 
value of 0-305 at m = 0-005 (vce = 0-141); «, which is 0-83 at this point, continues to decrease slowly, so that 
the minimum in the total relative number of free ions occurs at m = 0-015 (V/¢ = 0-245), "where B = 0-347, 
a = 0-77. 
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TABLE I. 


0-005 0-01 0-02 

0-408 0-339 0-307 0-311 0-322 

0-941 0-896 0-843 0-795 0-783 
73-2 166 367 776 970 
96-9 199-5 404-8 808-3 1005 


A[Ca“]/Am ...... 1-27 1-10 1-02 0-99 1-01 1-01 1-04 1-06 


The calculations for calcium ferricyanide are similar. Only one dissociation constant need be taken into 
account, viz., that for the process Ca" + Fe(CN),”’ =» CaFe(CN),’, and for this the conductivity measure- 
ments give the approximate value K = 0-001. This leads to a flat dissociation minimum in the neighbourhood 
of 0-012m. (4/c = 0-268), Fe(CN,)’” and CaFe(CN),’ being present in approximately equal proportions. 

(c) Solubility data (Measurements by I. J. BucKLAND). The solubility of a sparingly soluble salt may be 
affected in two ways by the addition to the solution of a soluble electrolyte. The increase in the ionic strength 
of the solution normally causes an increase in the solubility ; but if the added electrolyte contains an ion common 
to the saturating salt it will depress its solubility by an amount which usually far outweighs the simultaneous 
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effect of the increasing ionic strength. This appeared to offer a simple means of testing the dissociation mini- 
mum reported in the previous section for calcium ferrocyanide, and we have accordingly measured the solubility 
of calcium iodate in solutions of this electrolyte at 25°. 

The calcium iodate was prepared, and its solubility measured, as described in previous papers (cf. Davies, 
J., 1938, 277). The calcium ferrocyanide was a Kahlbaum specimen ; crystals showing a green coloration were 
rejected. Blank experiments showed that the iodate estimation was unaffected by the presence of ferrocyanide. 

The solubilities are plotted in Curve 1 of Fig. 2, and it will be seen that this is of very unusual type, showing 
a marked point of inflexion at m = 0-006. The results are in Table II, in which col. 1 gives the concentration 


TaBie II, 
A[Ca(IO,).] 


BoC A[Ca(IOs)_] 
Af[Ca,Fe(CN).,} 


[Ca(IO,),]. A[Ca,Fe(CN),]' 


7-850 


[(Ca(IO,),]. 


[Ca,Fe(CN).). 
0 6-858 


[(Ca,Fe(CN).]. 
10-320 


0-145 0-0671 


1-198 7-676 20-639 6-166 









0-122 0-0295 


7-530 
7324 


2-397 41-278 5-558 
0-0859 
4-794 


0-0845 
of calcium ferrocyanide, and col. 2 the solubility of calcium iodate, both in millimols. 
mean of three measurements, the average deviation from the mean being 0-1%. Col. 3 of the table gives the 


values of the average slope of the curve for the intervals between measurements. These slopes are plotted in 
Fig. 2, Curve 2, against the mean concentration of calcium ferrocyanide for the interval to which they apply, 


Each solubility is the 
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and in Curve 3 are plotted the values of A[Ca’’]/A[Ca,Fe(CN),] from Table I. Curves 2 and 3 both show 
minima in the same region of concentration, and this agreement leaves little room for doubt that the dis- 
sociation minimum calculated for calcium ferrocyanide in Table I actually occurs, and is the explanation of the 
anomaly in the solubility curve. The gradual divergence between these derivative curves, which becomes 
marked after the minima have been passed, is due to the effect upon the solubility of the increasing ionic 
strength of the solution. 

It is concluded from this examination of the evidence that a minimum, followed by an increase, in electro- 
lytic dissociation is to be expected in aqueous solutions containing ions of high valency; and, more generally, 
the effect will be looked for wherever the ionic strength of a solution changes rapidly with change of con- 
centration. It is believed that this is a significant factor in the stability of colloid systems, and, more particu- 
larly, that it may explain many apparently anomalous properties of colloidal electrolytes. It also provides a 
possible explanation for some of the conductivity minima found in non-aqueous solutions. It is hoped to 
discuss these applications in later papers. 


EDWARD DaviEs CHEMICAL LABORATORIES, 
UNIVERSITY COLLEGE OF WALES, ABERYSTWYTH. [Received, January 20th, 1944.] 





120. Synthesis of Derivatives of Taurinamide. 
By ALan A. GOLDBERG. 


A general method for the synthesis of NN’-disubstituted taurinamides has been evolved, and a series of 
B-p-aminobenzenesulphonamidoethanesulphonamides prepared for examination as bacterial inhibitors. 


HomMo.LocuEs of sulphanilamide containing a methylene group or groups between the aryl nucleus and the 
amino- and sulphonamido-residues respectively have been synthesised and reported to possess high anti- 
bacterial activity (Miller, Sprague, Kissinger, and McBurney, J. Amer. Chem. Soc., 1940, 62, 2100; G.P. 
726,386). It was of interest to prepare derivatives of sulphanilamide in which the N, position was substituted by 
an alkylenesulphonamido-chain ; these compounds, which have the structure NH,’C,H,-SO,-NH’C,H,’SO,"NHR, 
are derivatives both of sulphanilamide and of taurinamide and it would accordingly be expected that their 
toxicities would be of a low order (Goldberg, J., 1943, 4). 

In the course of synthesising compounds of this nature a general method has been evolved for preparing 
NN’-disubstituted taurinamides of the type R,-NH-C,H,-SO,-NHR,. The method employed was the inter- 
action of §-chloroethanesulphonyl] chloride with amines at low temperature, followed by condensation of the 
N-substituted ethylenesulphonamide thus produced with an amine or sodio-sulphonamide at high temperature 
in the presence of a copper catalyst. Non-activated arylamines such as aniline, toluidine or anisidine react 
with @-chloroethanesulphonyl chloride in cold acetone solution with production of the ethylenesulphonaryl- 
amide in substantial yield. With alkylamines, however, it was impossible to obtain the desired ethylene- 
sulphonalkylamide, since, even under the most favourable conditions for the production of the latter, only 
the B-alkylaminoethanesulphonalkylamide could be isolated. For example, when 1 mol. of cyclohexylamine 
is added to a solution of 1 mol. of 8-chloroethanesulphony! chloride at 0° in the presence of calcium carbonate 
as acid acceptor, only 8-cyclohexylaminoethanesulphoncyclohexylamide and unchanged initial materials could 
be isolated; similar results were obtained with activated arylamines such as p-nitroaniline. 

The high reactivity of the alkyl halogen in 8-chloroethanesulphonyl chloride was first observed by Leymann 
(Ber., 1885, 18, 870), who found that the compound (1 mol.) reacts with aniline (3 mols.) in dry ethereal solution 
with production of 8-phenylaminoethanesulphonanilide together with a small amount of “‘ phenylanhydro- 
taurine.” Later, Autenreith and Rudolph (Ber., 1901, 34, 3470) identified Leymann’s “ phenylanhydro- 
taurine ’”’ as ethylenesulphonanilide and stated, without giving details, that it is formed by the interaction 
of 8-chloroethanesulphonyl chloride with aniline in cold benzene solution. 

Leymann (loc. cit.) also presumed without proof the presence of 8-chloroethanesulphonanilide in the oily 
residues. In order to attempt to obtain 8-chloroethanesulphonanilide, a solution of aniline (2 mols.) was 
added to 8-chloroethanesulphonyl] chloride (1 mol.) in acetone at 8—10°; treatment of the product without 
the use of alkali, however (v.i.), yielded only ethylenesulphonanilide together with a small amount of phenyl- 
aminoethanesulphonanilide. It would appear, therefore, that when @-chloroethanesulphonyl chloride is 
treated with amines, three reactions are involved, (i) the normal formation of sulphonamide, (ii) dehydro- 
halogenation, and (iii) addition of the amine to the double bond of the ethylenesulphonamide thus produced. 
Results of the present work indicate the rates of reactions (i) and (ii) to be of the same high order and this 
would explain the failure to obtain the 8-chloroethanesulphonamides. With alkylamines the rate of reaction 
(iii) is of a high order and in consequence only the alkylaminoethanesulphonalkylamide is produced; while 
with arylamines, where the rate of reaction (iii) is low, it is possible to isolate the ethylenesulphonarylamide 
in substantial yield. This explanation accords with the facile dehydrohalogenation of sodium 8-chloroethane- 
sulphonate effected by dilute aqueous alkali carbonates (G.P. 678,730) and also with the work of Bruylants 
(Bull. Soc. chim. Belg., 1923, 832, 256) on the addition of amines to vinylacetonitrile and with that of Korner and 
Menozzi (Gazzetta, 1887, 17, 226), Wender (ibid., 1889, 19, 437) and Autenreith and Pretzell (Ber., 1903, 36, 
1262) on the addition of amines to unsaturated carboxylic acids. 
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The reaction of arylamines on 8-chloroethanesulphonyl chloride is a more direct route to the ethylene- 
sulphonarylamides than that from ethane-«f-disulphonyl chloride described by Kohler (Amer. Chem. J., 1897, 
19, 728), Autenreith and Rudolph (loc. cit.), Autenreith and Koburger (Ber., 1903, 36, 3626), and Cohen and 
Clutterbuck (J., 1922, 121, 120). The lability of the 6-halogen in $-chloroethanesulphonyl chloride may be 
contrasted with the low reactivity of the a-halogen in a-chloroethanesulphonyl chloride (Kostova, J. Gen. 
Chem. Russ., 1941, 11, 63; Johnson and Douglas, J. Amer. Chem. Soc., 1941, 68, 1571; Schriner and Land, 
J. Org. Chem., 1941, 6, 888). 

The ethylenesulphonarylamides react easily with arylamines or alkylamines in boiling xylene or amyl 
alcohol solution, preferably in the presence of copper, with production of the alkyl- and aryl-aminoethane- 
sulphonarylamides in good yield. In addition, the ethylenesulphonarylamides condense readily with the 
sodium derivative of N,-acetylsulphanilamide with formation of the acetylsulphanilamidoethanesulphonaryl- 
amides, which are hydrolysed on heating with dilute acids with production of the sulphanilamidoethanesulphon- 
arylamides; the latter may, however, be more readily obtained by the direct condensation of sodium sulphanil- 
amide with the ethylenesulphonarylamide. 

For the preparation of symmetrical NN’-disubstituted taurinamides it is more convenient to add the 
chloroethanesulphonyl chloride to an excess of the alkylamine or arylamine in xylene or amyl alcohol and 
then to reflux the mixture in the presence of copper powder. 

The ethylenesulphonarylamides are low-melting solids almost insoluble in water but easily soluble in 
dilute alkali hydroxide provided that a high concentration of strong electrolytes is absent. They are soluble 
in ether and in benzene and this property may be utilised to separate them from aryl- and alkyl-aminoethane- 
sulphonarylamides, the hydrochlorides of which are insoluble in these media. The alkyl- and aryl-amino- 
ethanesulphonarylamides and the sulphanilamidoethanesulphonarylamides are insoluble in water but dis- 
solve easily in dilute alkali hydroxides and also in dilute mineral acids, although frequently a large volume of 
the latter must be used. The isoelectric point varies with the nature of the substituents but provided a suit- 
able indicator is employed the hydrochlorides may be titrated without interference from the acidic and basic 
sources of the parent amino-sulphonamide to give the correct molecular weight. 

In general the alkyl- and aryl-aminoethanesulphonamides possess only very slight im vitro anti-bacterial 
activity; the sulphanilamidoethanesulphonarylamides, however, possess considerable in vitro and in vivo 
activity and toxicities of a very low order. 

EXPERIMENTAL. 


B-Chloroethanesulphonyl Chloride (compare Rumpf, Bull. Soc. chim., 1938, 5, 877).—Powdered phosphorus penta- 
chloride (400 g.) was cautiously added to sodium isethionate (118 g.; Goldberg, J:, 1942, 716), which had previously 
been dehydrated at 130°/5 mm. for 4 hours, and the mixture, which developed much heat and rapidly became liquid, 
heated with frequent shaking in an oil-bath at 120—125° for 4 hours. The liquid product was cooled, poured on ice 
(ca. 2 kg.), and the heavy oil which separated stirred in the ice-water until all the phosphoryl chloride contained in it 
had reacted with the water (ca. 2 hours). The oil was separated, taken up in benzene, and dried over calcium chloride, 
the benzene removed, and the residual £-chloroethanesulphonyl chloride distilled; the whole came over at 77—79°/4 mm. 
or 66—68°/2 mm. as a heavy colourless oil (80 g.) (Found: Cl, 43-8. Calc.: Cl, 43-6%). 

In the same manner potassium isethionate (215 g.) and phosphorus pentachloride (750 g.) gave 140 g. of distilled 
product (66% of the theoretical yield). 

Ethylenesulphonanilide.—A solution of aniline (93 g.; 1 mol.) in acetone (200 c.c.) was added to a stirred ice-cooled 
solution of B-chloroethanesulphonyl chloride (48-6 g.; 31-8 c.c.; 0°33 mol.) in acetone (200 c.c.) at such a rate that 
during the addition (ca. } hour) the temperature was maintained at 10—12°. Stirring at room temperature was con- 
tinued for a further 2 hours, 5n-hydrochloric acid (100 c.c.) added to fix any excess of aniline as the hydrochloride, and 
the bulk of the acetone removed in a vacuum at a temperature not exceeding 60°. 2Nn-Hydrochloric acid (600 c.c.) 
was then added, the liquor kept on ice for several hours, and the heavy oil separated. This was dissolved in warm water 
(200 c.c.) and 5n-sodium hydroxide (60 c.c.), the solution filtered (charcoal), and an excess of hydrochloric acid added. 
After standing, the heavy oil was collected and heated on the water-bath with benzene (450 c.c.), and the insoluble 
8-phenylaminoethanesulphonanilide hydrochloride (8 g.) filtered off. The filtrate was washed with diluté hydrochloric 
acid and then with water, dried over sodium sulphate, and the benzene removed in a vacuum on the water-bath ; ethylene- 
sulphonanilide remained as a heavy golden oil (44 g.; 72%) which slowly solidified in the ice-chest to a mass of soft 
needles, m. p. 42—-46°; this was sufficiently pure for further use (Found in crude oil: Cl, 0-7%). For purification the 
crude material was dissolved in ether, the ethereal solution washed several times with 2n-hydrochloric acid and dried over 
sodium sulphate, and the ether removed. The oil thus obtained solidified overnight in the ice-chest to a hard crystalline 
mass, which was pressed on a pre-cooled tile and washed with ligroin (b. p. 30—40°). After draining and standing in a 
vacuum over charcoal the m. p. was 62—64° ; recrystallisation from strongly diluted alcohol gave the ethylenesulphonanilide 
as white nacreous flakes, m. p. 68° (Found: no halogen; N, 7-9; S, 17-6. Calc. for CgH,O,NS: N, 7-7; S, 17-5%). 

Modified Procedure : Attempted Preparation of B-Chloroethanesulphonanilide.—The solution of aniline (61 g.; 0-66 
mol.) in acetone (200 c.c.) was added during } hour with rapid stirring to the solution of the B-chloroethanesulphonyl 
chloride (48-6 g.; 0-33 mol.) in acetone (200 c.c.), the temperature being maintained at 8—10°. Stirring at 8—10° 
was continued for a further } hour, the aniline hydrochloride filtered off, 5n-hydrochloric acid (80 c.c.) added to the 
filtrate, and the acetone distilled off in a vacuum at 50°. 5n-Hydrochloric acid (500 c.c.) was added to the residue and, 
after standing overnight, the precipitated oil collected, dissolved in ether, and washed three times with 2n-hydrochloric 
acid. After drying over sodium sulphate, the ether was removed; the residual oil, when chilled, crystallised (26 g.; 
43%). The crystals were drained on a porous tile and dissolved in dry ether, and the ether allowed to evaporate in a 
stream of filtered air; the ethylenesulphonanilide then separated as a mass of hard white cubes, m. p. 68° (Found : 
no chlorine; C, 52-6; H, 5-0; N, 80; S, 17-7. Calc. for C,H,O,NS: C, 52-4; H, 4-9; N, 7:7; S, 175%). From 
the hydrochloric acid washings of the ethereal solution, 5 g. of 8-phenylaminoethanesulphonanilide hydrochloride, m. p. 
170—172°, separated on long standing. ‘ 

_ Ethylenesulphon-p-toluidide.—This was obtained by the first method in 64% yield as a thick oil which slowly crystal- 
lised (Found: S, 15-3%). Recrystallisation of a sample from strongly diluted alcohol gave the pure compound in 
white needles, m. p. 74° (Found: N. 7:3; S, 16-3. Calc. for C,;H,,0,NS: N, 7-1; S, 16-2%). 
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Ethylenesulphon-p-phenetidide.—This was obtained in the same manner from f-chloroethanesulphonyl chloride 
(1 mol.) and p-phenetidine (2-75 mols.), by the first procedure, as a pale golden oil which slowly solidified in the ice- 
chest to a crystalline mass, m. p. 72—74° (yield 70%). Recrystallisation from strongly diluted alcohol gave the com- 
pound in clusters of long white needles, m. p. 86—88° [Found: M (Rast), 224; C, 52-9; H, 5-9; N, 6-1; S, 14-2. Calc. 
for C,»H,,0,NS: M, 227; C, 52-9; H, 5-7; N, 6-2; S, 14-1%]}. 

Ethylenesulphon-p-anisidide.—This was obtained in approximately the same yield as the foregoing compound as a 
viscous amber oil which would not crystallise (Found: S, 14-1. Calc.: S, 15-0%). ' 

B-p-Phenetidinoethanesulphonanilide.—A solution of ethylenesulphonanilide (11 g.; 0-05 mok.) and -phenetidine 
(20-5 g.; 0-15 mol.) in xylene (100 c.c.) containing a trace of copper powder was refluxed in an oil-bath at 140° for 
4hours. Sodium carbonate (20 g.) was added, the xylene removed by distillation in steam, and the residual oil collected, 
taken up in nN-sodium hydroxide (250 c.c.), and the solution filtered hot (charcoal). The filtrate was made strongly acid 
with hydrochloric acid and heated on the water-bath with shaking for } hour to dissolve any phenetidine present. On 
cooling, the insoluble oil crystallised; this was collected, redissolved in N-sodium hydroxide (300 c.c.), filtered (char- 
coal), and reprecipitated by an excess of hydrochloric acid. The precipitated oil, which rapidly became solid and friable, 
was dissolved in boiling n-hydrochloric acid (800 c.c.) and filtered (charcoal); the clear filtrate, on standing in the ice- 
chest for several days, gave p-phenetidinoethanesulphonanilide hydrochloride as a mass of long white needles (9 g.), m. p. 
162—164° [Found: M (titration), 357: Cl, 10-0; N, 7-9; S, 8-8. C,H, O,N,S,HCl requires M, 356-5; Cl, 10-0; N, 
7-9; S, 90%]. The hydrochloride was insoluble in absolute ethyl alcohol but very soluble in 95% alcohol, from which 
it crystallised in stout white needles. 

B-p-A nisidinoethanesulphon-p-phenetidide.—This was obtained in the same manner as the foregoing compound 
from ethylenesulphon-p-phenetidide (10-9 g.) and p-anisidine (20 g.). The crude product was extracted with two 
successive quantities of n-hydrochloric acid (800 c.c. each), and the combined solutions filtered (charcoal) and kept on 
ice for 6 days; B-p-anisidinoethanesulphon-p-phenetidide hydrochloride was then obtained as a mass of long white needles 
(9 g.), m. p. 188—190°. On recrystallisation from boiling 96% alcohol these were obtained in stout white needles, 
oy —— M (titration), 386; Cl, 9-0; N, 7-8; S, 8-2. C,,H,,0,N,S,HCl requires M, 386-5; Cl, 9-2; 

? ? ’ ol 

B-Phenylaminoethanesulphon-p-toluidide.—This was prepared in the same manner as the foregoing compound from 
aniline and ethylenesulphon-p-toluidide. The crude product was extracted four times with boiling n-hydrochloric acid, 
and the combined extracts filtered (charcoal) and adjusted to pH 7-0. The precipitate was collected after 12 hours 
and recrystallised from 95% alcohol, B-phenylaminoethanesulphon-p-toluidide being obtained in stout white needles, 
m. p. 78—80° (Found: N, 9-6; S, 10-9. C,,H,,0,N,S requires N, 9°7; S, 11-0%). The hydrochloride crystallised 
from a large excess of dilute hydrochloric acid in white leaves, m. p. 158—160° (Found: M, 329. C,;H,,0,N,S,HCl 
requires M, 326-5). 

_  B-Diethylaminoethanesulphonanilide——A solution of ethylenesulphonanilide (10-9 g.) and diethylamine (11 ¢,) 
in xylene (50 c.c.) containing a trace of copper powder was heated in a sealed vessel at 100° for 15 hours. Sodium 
carbonate (15 g.) was added, and the xylene and excess of diethylamine removed by distillation in steam; the residual 
oil was dissolved in n-sodium hydroxide (250 c.c.), filtered, made strongly acid with hydrochloric acid, and filtered 
again. Sodium hydroxide was added until the pH value was exactly 7 and, after standing, the precipitated oil was 
collected and dissolved in benzene. This solution was dried over sodium sulphate, and the benzene removed in a 
vacuum; f-diethylaminoethanesulphonanilide was then obtained (8-5 g.) as a heavy golden oil. All attempts to obtain 
a crystalline hydrochloride failed (Found: N, 11-3; S, 12-9. C,,H..O,N,S requires N, 10-9; S, 12-56%). The com- 
pound was almost insoluble in water but easily soluble in dilute acid or alkali. 

_ B-cycloHexylaminoethanesulphonanilide.—A solution of cyclohexylamine (30 g.) and ethylenesulphonanilide (21-9 g.) 
in xylene (100 c.c.) was refluxed with a trace of copper powder for 4 hours. After steam distillation in the usual manner 
in the presence of sodium carbonate the crude oil obtained was separated, dissolved in n-sodium hydroxide (200 c.c.), 
filtered, and hydrochloric acid added until the pH value was 7-5—8-0; an oil was then precipitated which slowly solidified. 
The solid was dried on the water-bath, dissolved in acetone, a small amount of hydrochloric acid added, and the liquor 
evaporated nearly to dryness; B-cyclohexylaminoethanesulphonanilide hydrochloride (13 g.) was then obtained as a 
white crystal mass. Recrystallisation from boiling dilute alcohol gave the pure compound in long white needles (10 ¢.), 
m. p. 220—222° (Found: Cl, 10-8; N, 8-8; S, 10-1. C,,H,,0,N,S,HCI requires Cl, 11-1; N, 8-75; S, 10-05%). 

B-Piperidinoethanesulphonanilide—This was obtained in the same way as the foregoing compound from piperidine 
(15 g.), ethylenesulphonanilide (10-9 g.), xylene (100 c.c.), and a trace of copper. The crude product was dissolved 
in acetone and treated with dry hydrogen chloride; on evaporation of the acetone f-piperidinoethanesulphonanilide 
hydrochloride was obtained as a mass of crystals. Recrystallisation from 96% alcohol gave the compound in long white 
needles (9 g.), m. p. 174—176° (Found: M (titration), 304; Cl, 11-7; N, 9-4; S, 10-5. C 3H O,N,S,HCI requires 
M, 304-5; Cl, 11-65; N, 9-2; S, 10-5%]. 

_ N-(Phenylaminoethanesulphonyl)anthranilic Acid.—To a stirred ice-cold solution of anthtanilic acid (27-4 g.; 0-2 mol.) 
in water (80 c.c.), acetone (40 c.c.), and 5n-sodium hydroxide (40 c.c.) were simultaneously added 5n-sodium hydroxide 
(80 c.c.) and a solution of £-chloroethanesulphonyl chloride (32-4 g.; 21-2 c.c.; 0-2 mol.) in acetone (40 c.c.) at such 
a tate that the pH of the reacting mixture was maintained at 7-5—8-5 during the addition (? hour). After a further 
4 hour’s stirring, the acetone was removed on the water-bath under reduced pressure, and 5n-hydrochloric acid (120 c.c.) 
added; the oil then precipitated rapidly solidified. This was collected and ground with warm 2n-hydrochloric acid 
(200 c.c.) to dissolve unchanged anthranilic acid; the insoluble residue was collected and dissolved in alcohol, and the 
filtered solution (charcoal) evaporated to very small volume, 2-(ethylenesulphonamido)benzoic acid being obtained as a 
micro-crystalline powder (23 g.) pure enough for further use. It was very soluble in alcohol and acetone and insoluble 
in benzene and was obtained pure with great difficulty (Found: S, 13-3. C,H,O,NS requires S, 14:1%). The fore- 
going crude compound (12 g.), aniline (25 c.c.), amyl alcohol (50 c.c.), and xylene (100 c.c.) were refluxed with a trace 
of copper for 6 hours. After distillation of the solvents in steam the residual solid was extracted several times with 
boiling n-hydrochloric acid (300 c.c. each time), and the combined filtered solutions adjusted to pH 5—6; an oily solid 
was then precipitated which rapidly became friable. This was dissolved in dilute sodium hydroxide solution, filtered 
(charcoal), and reprecipitated at pH 5—6 with dilute hydrochloric acid. The collected solid was ground up with a 
little 5n-hydrochloric acid in order to form the hydrochloride, the suspension drained (pump), and the solid recrystallised 
from boiling ethyl alcohol containing a few drops of hydrochloric acid, B-phenylaminoethanesulphonylanthranilic acid 
hydrochloride being obtained (7 g.) in pearly plates, m. p. 216—218° (Found : N, 7-8; S, 8-9. C,,H,,O,N,S,HCI requires 

, 79; S, 90%). This hydrochloride was very difficultly soluble in water; at pH 5 the free phenylaminoethane- 
sulphonylanthranilic acid was precipitated, which dissolved as the sodium salt at pH 7-0. 

B-cycloHexylaminoethanesulphoncyclohexylamide.—cycloHexylamine (20 g.) was added to a solution of f-chloro- 
pea yoy hy chloride (8-1 g.) in xylene (100 c.c.) containing a trace of copper powder, and the whole refluxed (oil- 
bath) at 140° for 4 hours. The xylene and excess of cyclohexylamine were soup or distillation in steam in presence 
of sodium carbonate (20 g.), and the solid residue in the flask collected (13 g.) and recrystallised twice from alcohol 
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(charcoal), SE Ci SE RA ee (8 g.) ot obtained in long white needles, m. p. 250—252° 
(Found : N, 9-5; S, 11-0, 11-1. C,,H,s0,N,S requires N, 9-7; S, 11-1%), insoluble in water but soluble in dilute sodium 
hydroxide solution and in a large volume of dilute hydrochloric acid. 

p-Piperidinoethanesulphonpiperidide.—Piperidine (30 g.) was slowly added to a cooled solution of £-chloroethane- 
sulphonyl chloride (12-2 g.) in xylene (70 c.c.), and the resulting liquid heated at 100° for 9 hours. Sodium carbonate 
(20 g.) and water were added, the xylene removed by distillation in steam, and the residual liquor, containing a thick 
black oil, kept in the ice-chest for 2 days; the oil then solidified. This solid (20 g.) was dissolved in methyl alcohol 
(40 c.c.) and a small amount of hydrochloric acid and filtered (charcoal); piperidinoethanesulphonpiperidide hydro- 
chloride slowly crystallised in clusters of hard white needles (12 g.), m. p. 202—204°. For analysis it was recrystallised 
from ethyl alcohol containing a few one of hydrochloric acid; it then had m. p. 204—206° [Found: M (titration), 
298; Cl, 11-9; N, 9-8; S, 10-9. C,,H,,O,N,S,HCI requires M, 296-5; Cl, 12-0; N, 9-5; S, 10-8%]. On neutralisation 
of the aqueous solution the parent compound was precipitated at pH 6—7 as a heavy oil; this did not redissolve on 
addition of sodium hydroxide, since the compound does not contain an acidic hydrogen atom. 

B-p-Ethoxyphenylaminoethanesulphon-p-ethoxyanilide.—A solution of p-phenetidine (42 g.) and £-chloroethane- 
sulphonyl chloride (12-1 g.) in xylene (150 c.c.) was refluxed with copper powder for 4 hours. After the steam dis- 
tillation the thick residual oil was shaken with warm water (400 ¢.c.) and hydrochloric acid (25 c.c.) in order to extract 
unchanged phenetidine; the undissolved portion was removed, dissolved in n-sodium hydroxide (400 c.c.), filtered 
(charcoal), and reprecipitated in the cold by addition of a large excess of hydrochloric acid. The precipitate was extracted 
with five successive quantities of boiling n-hydrochloric acid (600 c.c. each time), and the combined filtered (charcoal) 
extracts kept on ice for several days; ger po me er ee ge -ethoxyanilide hydrochloride (10-5 é.) then 
came down in white needles, m. p. 188—190°. On recrystallisatidn from 95% alcohol (60 ¢.c.) it was obtained in clusters 
of white leaves, m. p. 190—192° (Found : Cl, 9-1; N, 7-4; S, 7-7. Cj ,H,,O,N,S,HCI requires Cl, 8-9; N, 7-0; S, 8-0%). 

-p-T olwidinoethanesulphon-p-toluidide.—This was obtained in the same way from p-toluidine (38 g.), 8-chloroethane- 
sulphonyl chloride (12-2 g.), and xylene (130 c.c.) in the presence of copper. The crude product was separated, washed, 
dissolved in dilute sodium hydroxide solution, filtered mage and the pH value adjusted to 7-0 by the addition of 
hydrochloric acid. The glutinous precipitate (24 g.) became solid on standing and was recrystallised three times from 
boiling dilute alcohol, B-p-toluidinoethanesulphon-p-toluidide being then obtained in stellate clusters of white needles, 
m. p. 988—100° (Found: N, 9-1; S, 10-2. C,H, 0O,N,S requires N, 9-2; S, 105%). It was very soluble in dilute 
sodium hydroxide solution in the absence of electrolytes and in a large excess of boiling dilute hydrochloric acid; from 
this solution the hydrochloride came down in white feathers, m. p. 162—164° ([Found: M (titration), 345. 
Ci¢HO,N,S,HCI requires M, 340-5]. 

p-Phenylaminoethanesulphonanilide.—This was obtained in the same manner from aniline (48 g.), B-chloroethane- 
sulphonyl chloride (13 g.), xylene (50 c.c.), and a trace of copper. The product crystallised from dilute methyl alcohol 
in pearly scales (16 g.), m. p. 72—74° (Found: N, 11-3. Calc.: N, 11-5%), insoluble in water but readily soluble in 
cold dilute sodium tydroxide solution and in a large volume of hot dilute hydrochloric acid. The hydrochloride was 


obtained in white needles, m. p. 172—174°, from dilute alcoholic hydrochloric acid (Lellman, Joc. cit., gives m. p. 169°). 

Acetylsulphanilamidoethanesulphonanilide.—Anhydrous sodium N,-acetylsulphanilamide (23-6 g.; 0-1 mol.) and a 
trace of copper powder were refluxed with a solution of ethylenesulphonanilide (21-9 é- ; 0-1 mol.) in amyl alcohol 
(150 c.c.) for 44 hours, giving a clear solution. The amyl alcohol was removed by distillation in steam, and the solid 


residue dissolved in warm ca. 0-5n-sodium hydroxide; when the solution was filtered (charcoal) and made acid to litmus, 
the acetylsulphanilamidoethanesulphonanilide was precipitated as an oil which rapidly solidified (30 g.). This, recrys- 
tallised twice from alcohol—benzene-ligroin, formed stellate clusters of white needles (21 g.), m. p. 184—186° (Found : 
pag ell S, 16-2. C,,H,,O,N,S, requires N, 10-6; S, 16-1%), very soluble in alcohol, less so in benzene and insoluble 
in ligroin. 

B-Sulphanilamidoethanesulphonanilide.—(i) The foregoing (crude) compound (15 g.) was dissolved in 2-5n-sodium 
hydroxide (75 c.c.), and the solution boiled for 14 hours. Hydrochloric acid was added until the pH value was 7-0; 
aheavy oil was then precipitated which rapidly became solid; this was dissolved in hot 2-5n-hydrochloric acid (300 c.c.), 
and the solution filtered (charcoal) and adjusted to pH 7-0 with dilute aqueous sodium hydroxide; the sulphanilamido- 
ethanesulphonanilide then came down as a white fiocculent precipitate (9 g.), m. p. 146—150°. On recrystallisation 
from dilute ethyl alcohol it was obtained in stout white needles (8 g.), m. p. 160—162° (Found: N, 11-6; S, 18-2. 
C.4H,,O,N,S, requires N, 11-8; S, 18-0%). - : 

(ii) Anhydrous sodium sulphanilamide (19-4 g.) was refluxed with a solution of ethylenesulphonanilide (21-9 g.) in 
amyl alcohol (200 c.c.) containing a trace of copper, until a clear solution was obtained (5 hours). The amyl alcohol 
was removed, and the crude residue collected and extracted with 2-5n-hydrochloric acid (300 c.c.); when the solution 
thus obtained: was filtered (charcoal) and adjusted to pH 7, sulphanilamidoethanesulphonanilide was precipitated as a 
white flocculent powder; recrystallisation from dilute alcohol yielded 19 g. of the pure compound, m. p. (and mixed 
m. p. with the above) 160—162° (Found: N, 11-7; S, 181%). It was very soluble in an aqueous medium below pH 3-0 
and above pH 9-5 but insoluble between these two values. , - 

B-Sulphanilamidoethanesulphon-p-phenetidide—This was obtained in the same manner as described under (ii) above 
from sodium ne (9-7 g.) and ethylenesulphon-p-phenetidide (13-2 g.). Recrystallisation from dilute alcohol 
gave 9 g. in small white needles, m. p. 186—138° (Found: N, 10-7; S, 16-1. Cy gH,,O,N,S, requires N, 10-5; S, 16-05%). 

B-Sulphanilamidoethanesulphon-p-anisidide, obtained in like manner from sodium sulp anilamide and ethylene- 
sulphon-p-anisidide and recrystallised from dilute alcohol, formed stout white needles, m. p. 134—136° (Found: N, 11-1; 
S, 16-7. Cc sH4,0,N,S, requires N, 10-9; S, 16-69 ). ‘ » ‘ 

N-(Sulphanslamidoethanesulphonyl)anthranilic cid.—A suspension of crude 2-(ethylenesulphonamido)benzoic acid 
(13-2 g.), anhydrous sodium sulphanilamide (97 g.), and potassium carbonate (4-0 g.) in amyl alcohol (100 c.c.) was 
refluxed with stirring for 4} hours. The amyl alcohol was removed by distillation in steam, and the residual solid 
collected and dissolved in N-sodium hydroxide (200 c.c.); N-hydrochloric acid was added to the cold filtered solution 
until the pH value was 8-5—9-0 and, after several hours, the small amount of precipitated sulphanilamide removed. 
The filtrate was adjusted to pH 6-5 and, after standing, the flocculent precipitate collected; this was dissolved in hot 
0-lv-hydrochloric acid, filtered (charcoal), the pH value adjusted to 65, and the white flocculent precipitate filtered 
off and recrystallised from dilute alcohol, 1S -Gaiphentiaceiceiaateniplont ans acid being obtained in white 
needles, m. p. 178—180° (Found: N, 10-2; S, 16-1. C,,H,,O,N,S, requires N, 10-5; S, 16-0%). This compound was 
very soluble in dilute alcohol and benzene and insoluble in ligroin, 


The author thanks Miss M. M. Derrington for assistance with the experimental work. 
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121. Compounds Related to 4: 4'-Diaminodiphenylsulphone. jae 
h 
By Harotp Burton and Eric HoGGARTH. a 
Various p-aminophenylarylsulphones and related sulphonic esters have been prepared by known methods. pee 
With one exception, none of the compounds is as active as 4 : 4’-diaminodiphenylsulphone as an antibacterial lise s 
agent. for 
free l 
In connection with an investigation on the effect of substituting hydroxyl, methoxyl, chloro- and amino- ae 
groups into arylalkyl- and diaryl-sulphones (compare Burton and Hoggarth, this vol., p. 14) various com- J pow: 
pounds of the type p-NH,°C,H,°SO,Ar were synthesised. In one case the group Ar was p-chlorophenyl, in 9 135— 
another case (probably) 4-amino-2-hydroxyphenyl (the alternative 2: 4-structure not being excluded) ; in , ss 
other examples, Ar was mono-, di-, and 2: 4: 6-tri-hydroxyphenyl. The antibacterial activity of 4: 4’- nat 
diamino-2-hydroxydiphenylsulphone is of the same order as that of 4: 4’-diaminodiphenylsulphone, that of H% ¢y-h 
4-amino-2’ : 4’-dihydroxydiphenylsulphone somewhat less, and all other compounds show only feeble activity. J 180° 
In the earlier communication on this subject the isolation of sulphonic esters as by-products in attempts to ae 
prepare certain sulphones was reported. The great stability shown by these compounds led to the prepar- to 
ation of sulphonates analogous to the more active sulphones. A number of such compounds containing J abso 
amino- and hydroxyl-groups are now described. None of these compounds showed more than a trace of The 
antibacterial activity. Biological testing of these compounds was carried out by Dr. A. R. Martin at Blackley. aa 
A novel oxidative degradation of 4-nitro-2' : 4’ : 6’-trihydroxydiphenyl sulphide has been observed. When ( 4 
this compound was treated with “ perhydrol ”’ in hot acetic acid, approximately 30% of p-nitrobenzenesulphonyl- MH Ran 
acetone was isolated. This presumably arises in the following way : yell 
4 
: for 
OH CO,H ben: 
= pd . ts requ 
, . i H — 2CO 
HO => ‘| oo ~ > : —+ CO dini 
R O co CO CO.,H \ rem 
4 ‘\ CH,°SO,R mat 
CH'SR ‘SO,R 10-7 
(R = p-NO,°C,H,) = 
4-Nitro-2' : 4'-dihydroxydiphenyl sulphide under the same conditions gave only p-nitrobenzenesulphonic ) 
acid (69%). The fully acetylated derivatives of both sulphides can be oxidised to sulphones in good yield. me - 
¢ 
EXPERIMENTAL. a 
4-Chloro-4’-nitrodiphenylsulphone.—To a solution of sodium (5 g.) in absolute alcohol (250 c.c.) was added p-chloro- a 
thiophenol (29 g.), followed by p-chloronitrobenzene (32 g.), and the mixture refluxed for 3 hours. The reaction mixture S | 
was poured into water, the sulphide collected, washed with water, and crystallised from methyl alcohol, giving pale : 
yellow plates (40 g.), m. p. 88° (Found: Cl, 13-6; S, 12-1. C,,;H,O,NCIS requires Cl, 13-4; S, 12-05%). This sulphide sulj 
(39 g.) was oxidised in boiling acetic acid (130 c.c.) by perhydrol (75 c.c.). When the violent reaction subsided, the was 
clear yellow solution was refluxed for $ hour and poured on ice, and the solid collected and crystallised from ethyl alcohol. (10 
4-Chloro-4’-nitrodiphenylsulphone formed almost colourless needles (40 g.), m. p. 154° (Found: Cl, 12-1; S, 11-0. pre 
C,,H,O,NCIS requires Cl, 11-9; S, 10-75%). resi 
4-Chloro-4’-aminodiphenylsulphone.—The above nitro-sulphone (30 g.) was reduced in methyl alcohol (400 c.c,), S| 
Raney nickel catalyst being used at ordinary pressure and temperature (absorption, corrected to N.T.P., 6,805 c.c.; - 
theoretical, 6,720 c.c.). The clear filtrate was evaporated, and the residue crystallised from methyl alcohol, giving obt 
long colourless needles (21-4 g.), m. p. 182—183°, of 4-chloro-4’-aminodiphenylsulphone (Found: Cl, 13-7; S, 12-0. 
C,H 9O,NCIS requires Cl, 13-3; S, 12-0%). wa: 
4’-Nitro-4-methoxydiphenylsulphone.—This compound was obtained from p-methoxythiophenol in the same way as int 
for 4-chloro-4’-nitrodiphenylsulphone and formed pale yellow needles from benzene (62%), m. p. 162° (Found: C, 53-0; pri 
H, 3-6. C,3;H,,0O,NS requires C, 53-2; H, 3-8%). sol 
4’-Amino-4-methoxydiphenylsulphone——The above nitromethoxy-sulphone was reduced catalytically as described sol 
for 4-chloro-4’-aminodiphenylsulphone, and the product crystallised from ethyl alcohol, giving colourless needles wa 
(69:2%), m. p. 150° (Found : C, 59-6; H, 5-35. C,;H,,0,NS requires C, 59-3; H, 4-9%). It. 
4-Amino-4’-hydroxydiphenylsulphone.—The above aminomethoxy-sulphone (2-6 g.) and 46% hydrobromic acid were wa 
refluxed with stirring for 6 hours. Excess of hydrobromic acid was evaporated under reduced pressure, the residue (Fe 
dissolved in warm water (100 c.c.), filtered, and treated with a saturated solution of sodium acetate until precipitation 
was complete. The solid was collected, dissolved in sodium hydroxide solution (50 c.c. of 2$%), filtered with charcoal, alc 
and precipitated with acetic acid. The solid was collected and crystallised from water containing a little ethyl alcohol, (at 
forming colourless needles (1-2 g.), m. p. 166° (Found: C, 57-5; H, 4-5. Calc. for C,,H,,O,;NS: C, 57-8; H, 4-4%). pr 
Raiziss, Clemence, Severac, and Moetsch (J. Amer. Chem. Soc., 1939, 61, 2764; U.S.P. 2,248,283) have described this H 
compound, prepared by another route, as having m. p. 192°, diacetyl derivative m. p. 171°. The diacetyl derivative pn 
of the compound prepared as above, acetic anhydride being used at 100°, had m. p. 169—170° (Found: C, 57-6; H, 42. 
4-A mino-2’-hydroxy-5’-methyldiphenylsulphone.—4-Nitro-2’-hydroxy-5’-methyldiphenylsulphone (Levi and Smiles, th. 
J., 1932, 1488) (5-8 g.), iron powder (12 g.), alcohol (75 c.c.), water (10 c.c.), and concentrated hydrochloric acid (1 c.c.) (4 
were heated, with stirring, under reflux for 3 hours. The mixture was made alkaline with ammonia, and the liquid 60 
filtered hot and evaporated to dryness. The residue was dissolved in boiling dilute hydrochloric acid (charcoal), and the at 
amine liberated with sodium acetate. The sulphone (3-8 g.) had m. p. 198° after crystallisation from methyl alcohol we 
(Found: C, 59-5; H, 5-0. C,,H,,0,;NS requires C, 59-3; H, 4:9%). Acetylation with acetic anhydride in aqueous 
solution gave the acetyl derivative, m. p. 241° after crystallisation from acetic acid (Found : C, 58-4; H, 4-95. C,,H,,;0,NS 


requires C, 59-0; H, 49%). 


[1945] Compounds Related to 4 : 4’-Diaminodiphenylsulphone. 469 


4-Nitro-2’-B-diethylaminoethoxy-5’-methyldiphenylsulphone.—The nitrohydroxy-sulphone (7-5 g.) was dissolved in 
the solution prepared from potassium (1 g.) and methyl alcohol (22 c.c.); xylene (20 c.c.) was then added, the methyl 
alcohol removed by distillation, and a 40% solution (21-5 g.) of B-diethylaminoethyl chloride in xylene added to the 
residue. The mixture was boiled under reflux for 24 hours, the xylene removed in a vacuum, and the residue treated 
with 1 : 1 dilute hydrochloric acid. The insoluble hydrochloride (6-2 g.) was collected, washed with ether, and recrystal- 
lised from boiling 1 : 1 dilute hydrochloric acid, forming colourless needles, m. p. 217° after sintering at ca. 120° (Found 
for material dried at 120°/vac.; N, 6-35; S, 7-15; Cl, 7-7. Cy gH,O,N,S,HCl requires N, 6-5; S, 7-3; Cl, 83%). The 
free base crystallised from light petroleum in pale yellow plates, m. p. 119—120° (Found: N, 6-95; S, 8-1. C,.H,,O;N,S 
requires N, 7°15; S, 8-2%). 
4-Amino-2’-B-diethylaminoethyl-5’-methyldiphenylsulphone.—The nitro-compound (6 g.) was reduced with iron 
wder as described above. The free amine jn arr from benzene-light petroleum in colourless needles, m. p. 
135—136° (Found: N, 8-05; S, 8-7. C,,H,,0,N,S requires N, 7-7; S, 8-8%). 
4-Amino-2’ : 5’-dihydroxydiphenylsulphone.—Hot solutions of p-acetamidobenzenesulphinic acid (5 g.) in water 
(100 c.c.) and p-benzoquinone (2-7 g:) in water (50 c.c.) were mixed; the N-acetyl derivative (6-8 g.) of the sulphone 
separated almost immediately. It melted at 274° (after darkening from 240°) to a black liquid. Hydrolysis with boiling 
6n-hydrochloric acid gave the amino-sulphone (4-4 g.), which crystallised from water in nearly colourless prisms, m. p. 
180° (Found: C, 54-1; H, 4-1. C,,H,,O,NS requires C, 54-4; H, 415%). 
4-Nitro-3’ : 5’-dimethoxydiphenylsulphone.—3 : 5-Dimethoxythiophenol (3-4 g.) was added to a solution of sodium 
(0-6 g.) in absolute alcohol (30 c.c.), followed by p-chloronitrobenzene (3-2 g.), and the mixture refluxed for 3 hours. 
The oily sulphide isolated by pouring into water and extraction with benzene had b. p. 220—225°/1 mm. (3-2 g.). From 
absolute alcohol a small sample gave large yellow prisms, m. p. 74° (Found: S, 10-9. C,,H,,;0,NS requires S, 11-0%). 
The remainder of the crude sulphide (3-0 g.) was oxidised in hot acetic acid (15 c.c.) with ‘‘ perhydrol ”’ (5-5c.c.). 4-Nitro- 
3’ : 5’-dimethoxydiphenylsulphone, isolated in the usual manner, crystallised from ethyl alcohol in golden-yellow needles 
(1-6 g.), m. p. 153° (Found: N, 4-6; S, 10-1. C,,H,,0,NS requires N, 4:3; S, 9-9%). 
4-Amino-3’ : 5’-dimethoxydiphenylsulphone.—The above nitromethoxy-sulphone was reduced in methanol with 
Raney nickel at ordinary pressure and temperature, and the sulphone crystallised from ethyl alcohol, giving faintly 
yellow needles (82%), m. p. 134° (Found : C, 57-0; H, 5-05. C,,H,,0O,NS requires C, 57-3; H, 5-1%). 
4-Amino-3’ : 5’-dihydroxydiphenylsulphone.—Demethylation of the above aminomethoxy-compound as described 
for 4-amino-4’-hydroxydiphenylsulphone gave 4-amino-3’ : 5’-dihydroxydiphenylsulphone, which separated from chloro- 
benzene-light petroleum as a nearly colourless, crystalline powder, m. p. 238° (Found: C, 53-9; H, 4-2. C,,H,,0O,NS 
requires C, 54-4; H, 4-15%). 
4-Nitro-4’ (or 2’)-amino-2’(or 4’)-hydroxydiphenyl Sulphide.—p-Nitrobenzenesulpheny] chloride (from 15-4 g. of 4: 4’- 
dinitrodipheny] disulphide), m-aminophenol (21-8 g.; 2 mols.), and ether were boiled for 2 hours. The residue after 
removal of the ether from the filtrate was dissolved in the minimum amount of warm acetic acid; on keeping, crystalline 
material separated. Recrystallisation from 50% acetic acid gave the sulphide (9-5 g.), m. p. 148—150° (Found: N, 
10:75; S, 12-0. C,,H 90,N,S requires N, 10-7; S, 12-2%). A solution of the sulphide in hot acetic acid (50 c.c.) was 
treated with acetic anhydride (10 c.c.), and the mixture allowed to cool; recrystallisation of the acetyl derivative from 
acetic acid gave orange needles, m. p. 235° (Found: N, 9-25; S, 10-3. C,,H,,0,N,S requires N, 9-2; S, 10-5%). 
4:4’(or 2’)-Diamino-2’(or 4’)-hydroxydiphenylsulphone.—The above acetyl derivative (7-5 g.) was oxidised with 
“perhydrol ” in acetic acid, giving the acetyl-sulphone (6-2 g.), fine hair-like needles from alcohol, m. p. 245° (Found : 
S, 95. C.H,,0,N,S requires S, 9-5%), which was reduced with iron powder (12 g.), in a boiling mixture of alcohol 
(75 c.c.), water (10 c.c.) and concentrated hydrochloric acid (1 c.c.) during 3 hours. The residue from the evaporated, 
basified (ammonia) solution was hydrolysed with 6n-hydrochloric acid, and the diaminohydroxy-sulphone liberated with 
sodium acetate; recrystallisation from water (charcoal) gave colourless needles, m. p. 132—133° (Found: N, 10-7; 
S, 123. C,,H,,0,N,S requires N, 10-6; S, 12-1%). 
4-Nitro-2’ : 4’-dihydroxydiphenyl Sulphide.—Finely powdered resorcinol (11 g.) and a filtered solution of p-nitrobenzene- 
sulphenyl chloride (19 g.) in dry benzene (200 c.c.) were shaken together in a pressure bottle for 5 hours. The solid 
was collected and crystallised from dilute acetic acid, giving yellow needles (17-2 g.), m. p. 184°. After this sulphide 
(10-6 g.) had been oxidised in hot acetic acid (30 c.c.) with ‘‘ perhydrol ” (20 c.c.), the reaction liquid gave no appreciable 
precipitate on dilution with cold water. The clear filtered solution was evaporated under reduced pressure, and the 
residue. crystallised from ethyl acetate—benzene, forming colourless prisms (5-6 g.), m. p. 106—108° (Found: N, 7:3; 
S, 15-6. Calc. for C,H,O,NS: N, 6-9; S, 158%). On heating this compound (1 g.) with phosphorus pentachloride, 
ee chloride (0-6 g.), m. p. 79—80° (not depressed by admixture with an authentic sample), was 
obtained. 
4-Nitro-2’ : 4’-diacetoxydiphenylsulphone.—The above nitrodihydroxy-sulphide (17 g.) in acetic anhydride (60 g.) 
was heated to boiling, one drop of concentrated sulphuric acid added, and after 5 minutes the reaction liquid was poured 
into water. The solid was collected, washed ‘with water, and crystallised from methyl alcohol, giving large colourless 
prisms (18-1 g.), m. p. 115°. Oxidation of this was effected (17-5 g.) by addition of ‘‘ perhydrol” (23 c.c.) to a boiling 
solution in glacial acetic acid (40 c.c.), well stirred, under reflux. When the reaction had subsided, the clear yellow 
solution was stirred just below refluxing temperature for 1 hour and poured into water, and the solid collected and 
washed with water. This material appeared to be partially deacetylated, as it could be crystallised only with difficulty. 
It was dissolved in acetic anhydride (50 g.), heated just to boiling with 1 drop of sulphuric acid, and poured into ice- 
water, and the solid collected. From methyl alcohol it readily crystallised in long colourless needles (8-8 g.), m. p. 124° 
(Found : C, 50-8; H, 3-5; S, 8-3. C,,H,,0,NS requires C, 50-7; H, 3-4; S, 8-4%). , 
4-Amino-2’ : 4’-diacetoxydiphenylsulphone.—The above nitrodiacetoxy-sulphone (9-5 g.) was reduced in methyl 
alcohol (50 c.c.) by hydrogen at ordinary temperature and pressure in the presence of Raney nickel catalyst (2 g.) 
(absorption, corrected to N.T.P., 1,670 c.c.; theoretical, 1,680 c.c.). The filtered solution was evaporated under reduced 
pressure; the residue crystallised from methyl alcohol in long colourless needles (6-9 g.), m. p. 136° (Found: C, 54-8; 
H, 4-4; S, 9-3. C,sH,,O,NS requires C, 55-0; H, 4:3; S, 9:2%) (0-132 g. of this compound absorbed 7-9 c.c. of m/20- 
sodium nitrite; theoretical, 7-7.c.c. The acetyl group has therefore not migrated to the amino-group). 
4-Amino-2’ : 4’-dihydroxydiphenylsulphone.—The above aminodiacetoxy-compound (6-0 g.) in methyl alcohol (200 c.c.) 
was kept cold whilst dry hydrogen chloride was passed until the solution was saturated. After refluxing for 5 hours, 
the solvent was evaporated under reduced pressure, the residual hydrochloride treated with a solution of sodium carbonate 
(4 g.) in water (200 c.c.), and the solid collected, dried in a vacuum at 80°, and crystallised from light petroleum (b. p. 
60—80°)—benzene-ethyl acetate, forming colourless needles (3-4 g.), m p. 134—136° (Found after drying in a vacuum 
at 100°: C, 53-8; H, 4:3; S, 11-8. C,,H,,0,NS requires C, 54-4; H, 4:15; S, 12-1%. A sample not dried as above 
was apparently a hydrate). ’ 
4-Nitro-2’ : 4’-dihydroxydiphenylsulphone.—The 4-nitro-2’ : 4’-diacetoxydiphenylsulphone above (2-5 g.) was hydro- 
lysed by dry hydrogen chigride in methyl alcohol (50 c.c.) under reflux during 4 hours. The solid left on evaporation 
crystallised from benzene in colourless plates (1-7 g.), m. p. 182° (Found: C, 48-4; H, 3-05; S, 10:5. C,,H,O,NS 
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requires C, 48-8; H, 3-1; S, 10-8%). This compound was reduced to 4-amino-2’ : 4’-dihydroxydiphenylsulphone in 
the usual manner (68%), m. p. 134—136°. 

4-Nitro-2’ : 4’ : 6’-irthydroxyiliphenyl er ge ene = pa chloride (from 15-4 g. of 4: 4’-dinitro- 
diphenyl disulphide) and anhydrous phloroglucinol (12-6 g.) in ether (250 c.c.) were heated on the steam-bath for 6 hours, 
The residue after removal of the ether was extracted with warm 2n-sodium hydroxide. The sulphide (ca. 15 g.) liberated 
from the alkaline solution did uot crystallise well; material obtained from dilute aqueous alcohol had m. p. 245° after 
previous softening and was not quite pure (Found: N, 5-0; S, 10-75. C,,H,O,NS requires N, 5-0; S, 11-5%). Acetyl- 
ation with acetic anhydride and anhydrous sodium acetate gave the triacetate, which crystallised from methyl alcohol 
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(charcoal) containing a little acetone in colourless prismatic needles, m. p. 120—121° (Found: C, 53-3; H, 3-9; S, 8-1, 
CysH,,0,NS requires C, 53-3; H, 3-7; S, 7-9%). Send 
; When the sulphide (20 g.) was oxidised with ‘‘ perhydrol”’ in acetic acid, a vigorous reaction (external cooling was 9 (es. . 
necessary) took place, and after 30 minutes at 100° was complete. Dilution with water gave ea. Ame 
acetone (5-1 g.), m. p. 117—118°, almost colourless needles from alcohol (Found: C, 44-3; H, 3-6; N, 6-8; S, 13-3, foun 
CyH,O,NS requires C, 44-4; H, 3-7; N, 5-8; S, 13-2%), identical with a specimen prepared by oxidation of p-nitro- 
phenylthioacetone. Reduction (iron powder) gave p-aminobenzenesulphonylacetone, colourless needles from alcohol, C 
m. p. 134—135° (Found : C, 50:3; H, 5-2; N, 6-55; S, 15-0. C,H,,0,NS requires C, 50-7; H, 5-2; N, 6-6; S, 15-0%). I copp 
; 4-Nitro-2’ : 4’ : 6’-trihydroxydiphenylsulphone.—The sulphide triacetate (16 g.) in acetic acid (100 c.c.) and acetic 134, 
anhydride (20 c.c.) was oxidised with ‘‘ perhydrol ” (18 c.c.) as described for 4-nitro-2’ : 4’-diacetoxydiphenylsulphone; 1937 
reacetylation was unnecessary. The sulphone triacetate crystallised from alcohol—acetone in colourless needles, m. - 188° 
(Found : C, 49-5; H, 3-45; N, 3-2. C,,H,,0,)NS requires C, 49-4; H, 3-4; N, 3-2%). Hydrolysis with dilute sulphuric JJ 5°”) 
acid in boiling alcohol (2 hours) gave 4-nitro-2’ : 4’ : 6’-trihydroxydiphenylsulphone (8 g.), which recrystallised from JJ howe 
water in fine needles containing water of crystallisation; an air-dried specimen had m. p. 120° (efferv.), raised to 224— 9% ,atal 
225° on drying at 120° (Found for material dried at 120°: N, 4-4; S, 10-45. C,,H,O,NS requires N, 4-5; S, 10-3%). 
4-Amino-2’ : 4’ : 6’-trihydroxydiphenylsulphone.—The nitrotrihydroxy-sulphone was reduced (iron powder) as above. 
The aminotrihydroxy-sulphone crystallised from water in needles, m. p. 209—210° after drying at 120° (Found for material G 
dried at 120°: N, 4-9; S, 11-3. C,,H,,O,NS requires N, 5-0; S, 11-4%). A 
p-Nitrophenyl p-Nitrobenzenesulphonate.—p-Nitrophenol (9-1 g.) was dissolved in dry pyridine (11 c.c.) by gentle J chlor 
heat, and powdered p-nitrobenzenesulphonyl chloride (14-7 g.) added at such a rate that the temperature remained J 5 8 
below 80—90°. After standing for 12 hours, the reaction mixture was diluted with water, and the solid collected and catal 
crystallised from f-ethoxyethy! alcohol, giving large colourless prisms (15-5 g.), m. p. 158° (Found: C, 44-6; H, 2-2, 
+ C,,H,O,N,S requires C, 44-45; H, 2-5%). 
; p-Aminophenyl Sulphanilate.—The above ester (10-8 g.) was reduced in methyl alcohol (250 c.c.), Raney nickel 
catalyst being used at ordinary pressure and temperature (absorption, 4515 c.c.; theoretical, 4480 c.c.). p-Amino- 
phenyl sulphanilaie crystallised from ethyl alcohol in long colourless needles (8-6 g.), m. p. 117° (Found : C, 64-4; H, 4-65. 
C,,H,,0,N,S requires C, 54-55; H, 4-5%). : 
p-Hydroxyphenyl p-Nitrobenzenesulphonate.—Quinol (5-5 g.) was dissolved in pyridine (12 c.c.) and treated with 
: p-nitrobenzenesulphonyl chloride (9-5 g.; 1 mol.) as above. The crude product was dissolved in 4n-sodium hydroxide 
4 (25 c.c.) and water (100 c.c.), filtered from the insoluble disulphonic ester, and p-hydroxyphenyl p-nitrobenzenesulphonate 
precipitated with acetic acid. It crystallised from benzene-light petroleum in clumps of pale yellow needles (2-1 g.), 
m. p. 134° (Found: S, 10-8. C,,H,O,NS requires S, 10-8%). : ; 
p-Hydroxyphenyl Sulphanilate—The above nitrohydroxy-ester was reduced in methyl alcohol with Raney nickel 
catalyst in the usual way. p-Hydroxyphenyl sulphantate crystallised from benzene containing a little ethyl acetate in Iron 
plates (65%), m. p. 170° (Found: C, 54-55; H, 4-45; S, 12-0. C,,H,,0O,NS requires C, 64:35; H, 4:1; S, 12-1%). and 
m-Hydroxyphenyl Sulphanilate——This compound was obtained by the same route as the p-hydroxy-isomer and redu 
crystallised from benzene-light petroleum in colourless plates, m. p. 119° (Found : C, 53-95; H, 4-3; S, 12-1. C,,H,,O,NS & pick 
requires C, 54:35; H, 4-1; S, 12-1%). runs 
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122. The Metal-catalysed Reaction between Acetylene and Hydrogen. Part V. 
Reaction over Palladium, Iron, and Some Other Catalysts. “3 
at ¢ 
By J. SHERIDAN. fall 
A kinetic study, with full analyses of gaseous products, shows that the acetylene—hydrogen reaction over fresh alot 
palladium—pumice catalysts resembles that over platinum (Part IV, this vol., p. 305) except that (a) ethane whi 
formation over palladium is much more strongly suppressed by acetylene, even in the presence of excess of , 
hydrogen, (5) the total yield of C, products is slightly less than that over platinum under comparable conditions, the 
and (c) the presence of oxygen with palladium catalysts causes more rapid oxidation processes than with platinum. ba 
Deactivation of palladium catalysts is accompanied by an increase in production of ethane relatively to that of 
ethylene in the early stages of reaction. ce Sper 
Over iron—pumice catalysts considerable hydrogenation to ethylene and ethane occurs; reaction in general dat 
resembles that over nickel (Parts I and II, J., 1944, 373; this vol., p. 133) but is not retarded by oxygen. — 
° The catalytic actions of cobalt, copper, and some mixtures of metals are of the same type as that of nickel, as 
though cuprene formation complicates the reaction over copper. ~ ‘ 
ACETYLENE and hydrogen combine over palladium to give ethylene and ethane, ca. 10—30% of the unrecovered @ in t 
acetylene being converted into less volatile hydrocarbons (Paal and Hohenegger, Ber., 1915, 48, 275; Paal, bei 
4 Chem.-Ztg., 1912, 36, 60; Morris and Reyerson, J. Physical Chem., 1927, 81, 1832; Yoshikawa, Bull. Chem. @ pro 
a Soc. Japan, 1932, 7, 201; J. Fuel Soc. Japan, 1933, 12, 30; Peters and Neumann, Ges. Abh. Kennin. Kohl, cor 
a 1934, 11, 423). Specific hydrogenation to ethylene appears more favoured over palladium than platinum § site 
(cf. Part IV), and Cremer, Knorr, and Plieninger (Z. Elektrochem., 1941, 47, 787) regarded ethylene as the only @ C, 


C, product up to a point where the rate of hydrogenation passed through a maximum. The kinetics indicated 
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reaction between strongly adsorbed acetylene and weakly adsorbed hydrogen, and acetylene was held to sup- 
press ethane production by reason of its stronger adsorption than ethylene on palladium containing hydrogen 
(cf. Fischer and Knorr, ibid., 1937, 48, 608; Dobychin and Frost, J. Physical Chem. U.S.S.R., 1936, 7, 742). 
The acetylene pressure was shown to be ca. 30 mm. at the point of maximum rate, but since the above course of 
reaction was not supported by analyses for ethylene and ethane, further study, with such analyses, was desirable 
and is now reported. 

The reaction over iron at 180—400° is stated to be largely decomposition and oil-formation (Sabatier and 
Senderens, Compt. rend., 1900, 130, 1628; Fischer, Peters, and Koch, Brennstoff-Chem., 1929, 10, 383; Pichler, 
Ges. Abh. Kenntn. Kohle, 1934, 11, 395; Peters and Neumann, loc. cit.; Klar, Z. Elektrochem., 1937, 48, 379; 
Amemiya, J. Soc. Chem. Ind. Japan, 1939, 42, Suppls bdg., 329). Considerable hydrogenation was, however, 
found in the study of the kinetics of reaction over iron described below. 

Cobalt and copper appear to resemble nickel in their catalytic action, but are usually less active; over 
copper, formation of cuprene can become extensive (Sabatier and Senderens, loc. cit.; Compt. rend., 1902, 
134, 1185; 1900, 180, 1559; Ann. Chim. Phys., 1905, 4, 445; Pichler, loc. cit.; Ackermann, Brennstoff-Chem., 
1937, 18, 357; Fischer, Peters, and Koch, loc. cit.; Fischer and Peters, ibid., 1931, 12, 286; Morris and Reyer- 
son, loc. cit.; Kwal, Chim. et Ind., 1935, 34, 773). Extension of the few data for these metals is desirable, 
however, and some further results with them are therefore presented below, with data for some mixed metal 
catalysts not already studied. 

EXPERIMENTAL. 

Gases and experimental methods were as described in Parts I (Joc. cit.) and III (this vol., p. 301). 

All catalysts were carried on the pumice base described in Part I. Palladium catalysts were made from palladous 
chloride by the procedure given for catalyst Pt-2in Part IV. Metal: pumice ratios were 1 : 40 (Pd-1) and 1 : 10 (Pd-2) ; 


0-5 g. (or occasionally 1 g.) specimens were introduced. The compositions and conditions of reduction of the other 
catalysts were as follows : 


Catalyst. Composition (wt. ratio). Conditions of reduction. - 
*2Fe : 10 pumice H,, 300—350°, 10 hrs. 
2Fe : 10 pumice H,, 250°, 8 hrs., 300°, 6 hrs. 
2Co : 10 pumice H, + ethanol vapour, 400—420°, 2-5 hrs. 
2Cu : 10 pumice H,, 300—350°, 4 hrs. 
2Ni: 2Co: 10 pumice 
2Ni: 1Co: 10 pumice 
1Ni : 2Co : 10 pumice 
1Ni: 1Co : 20 pumice 
2Ni : 2Ag : 10 pumice H, + ethanol vapour, 410—450°, 2 hrs. 
INi: 1Co : 2Ag : 10 pumice H, + ethanol vapour, 400-—420°, 2 hrs. 


Iron catalysts were made by treating ferrous sulphate (Fe-1) or ferrous ammonium sulphate (Fe-2) with excess of ammonia, 
and drying a suspension of the washed precipitate in the presence of pumice. After brief ignition the ferric oxide was 
reduced. The other catalysts were made from mixed solutions of metal nitrates, by methods similar to those given for 
nickel catalysts in PartI. With the tabulated catalysts, 2 g. specimens were used for runs at constant volume. In such 
runs, acetylene was usually admitted first over palladium (except in determination of initial rates at low acetylene con- 
centrations), but hydrogen was generally. admitted first over the other catalysts. 

Runs (numbered in series over each catalyst specimen) were, as far as possible, in such a sequence as to prevent 
changes in catalyst activity leading to false conclusions. The ethane contents of the products were taken to equal the 
contents of saturated hydrocarbons, which always had a mean composition very nearly C,H,. With the small weights 
of metal used, appreciable errors in partial pressures on account of adsorption effects are unlikely, even in the case of 
the hydrogen pressure over palladium, but the possibility of larger error in this case must be borne in mind. 


H, + ethanol vapour, 400—450°, 2 hrs. 


RESULTS AND DISCUSSION. 


A. Reaction over Paliadium.—(i) General phenomena and activity of catalysts. The total pressure—time curves 
at constant volume resembled those for platinum catalysts (Part IV), though the increase in rate of pressure 
fall in hydrogen-rich gases was less than with platinum. The catalysts had a negligible action on acetylene 
alone at the pressures and temperatures which produced rapid reaction in acetylene—hydrogen mixtures, during 
which some 20—40%, of the unrecovered acetylene formed products less volatile than C, hydrocarbons. 

The fairly rapid deactivation of palladium was accompanied by an increase in the contribution of ethane to 
the yield of C, products (see Table I; in all tables, Ap= pressure fall in mm., ¢ = duration in mins., C,H, = 
unsaturated hydrocarbons higher than the C, seties; runs bracketed together on the left are over the same 
specimen of catalyst; yields are in percentages of the unrecovered acetylene; unless stated otherwise, tabulated 
data refer to runs at constant volume). 

The fall in ethylene : ethane ratio with deactivation, at stages of reaction up to a point where some 30 mm. 
of acetylene still remained, was considerable. No change in total yield of C, products was found after the 
activity had fallen to ca. 1/20 of its initial value (run 8), but with greater deactivation (runs 13, 15) an increase 
in total yield of C, hydrocarbons appeared to occur. Deactivation is thus partly selective, ethylene formation 
being arrested more rapidly than ethane production. No simple explanation is apparent; deactivation is 
probably due to surface contamination by non-volatile products, but to account for the effect we must suppose 
contamination to affect ethylene.and ethane formation unequally; this might be possible if different metal 
sites are concerned in the hydrogenation of ethylene and acetylene. Contamination might raise the yield of 


C, products by lowering the chance of two acetylene molecules being adsorbed on adjacent sites suitable for 
their combination. 
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TABLE I. 


(Catalyst Pd-2 ; acetylene admitted first.) 


Ap. 
200 
200 
200 
200 
200 
212 
212 
212 
212 

15 
131 








Press. (mm.) in gaseous product. Yield (%). Ratio 
a Gite, i ix ee 2H, 
C,H, C,H, C,H, HH, C,H,. C,H, C,H, CH, 

38 9 119 216 9 74 6 13-2 
* 37 12 115 221 10 71 6 11-5 

40 10 114 228 10 71 6 11-4 

38 11, 114 216 11 70 7 10-4 

41 °10 109 221 15 69 9 7:3 

30 12 126 217 9 74 5 14-0 

40 9 105 211 17 66 11 6-2 

45 8 98 210 22 63 14 4-4 

53 7 84 210 33 56 22 2-5 
160 1 10 322 25 25 60 0-4 
129 1 19 268 48 26 67 0-4 


Course of reaction in 3:1 H,:C,H, mixture over Pd-l at 24°. 
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Time, minutes. 


© = C,H,; @ = C,H,; G6 = C,H, removed as products other 
than C,H, and C,H,; @ = unsaturated hydrocarbons 


higher than C, in the gas. 


the acetylene pressure falling almost to zero. 





Initial pressures : 150—152 
mm. of acetylene (admitted first), 447—452 mm. of 
All total-pressure curves are shown. 


(ii) Course of reaction over fresh catalysts at constant volume. This was determined in the manner described 
in Parts I and IV, runs of different duration being performed under constant conditions and the analytical 


results plotted at time co-ordinates equal to the 
times required for the appropriate pressure fall in 
the longest run. Fig. 1 shows results with 3:1 
hydrogen : acetylene mixtures at 24°; the catalyst 
activity was increasing slightly. Very similar curves 
were obtained for a 2: 1 hydrogen : acetylene ratio 
at 37°, though in this case an irregular fall in 
activity occurred. Since smooth curves of similar 
type were obtained for partial pressures, etc., when 
activity was both increasing and decreasing, there is 
no reason to doubt that the course of the longest run 
in Fig. lis that shown. The following table shows 
yields at various stages. 


Yields from 3: 1 H,: C,H, mixture at 24° over a 
specimen of Pd-2 (see Fig. 1). 


No. ofruninseries ... 2 5 3 4 6 
Duration (mins.) nn a 2-8 
Yield of C,H, (%) ao =. 2a ae 
Yield of C,H, (%) me 6 9 28 63 


Ethylene was the chief product, with very little 
ethane, until Ap was approximately equal to the 
initial acetylene pressure. In this stage the rate of 
fall in total pressure, —dp/dt, was constant or fell 
a little. When Ap reached the initial acetylene 
pressure, or a little later, —dp/d¢ began to rise, and 
this acceleration coincided with an increase in ethane 
formation at the expense of ethylene production. 
Some 30 mm. of acetylene were present at this stage, 
with ca. 300 mm. of hydrogen and 90 mm. of ethyl- 
ene. Ethane formation then became dominant, 


Ethylene pressure reached a maximum slightly earlier than 
—dp/dt, the maximum value of which was about twice its value in the stage preceding acceleration. Some 
22—27% of the unrecovered acetylene, with about the same amount of hydrogen, formed products less volatile 
than C, hydrocarbons at all stages, and the pressure of unsaturated hydrocarbons higher than ethylene was 
about } of the acetylene so removed. The less volatile products are therefore largely of relatively low molecular 
weight, e.g., Cy, C,, and C, compounds. 

In a few very fast reactions with large excess of hydrogen, —dp/dt began to rise before Ap equalled the 
initial acetylene pressure. 

The course resembles that over platinum (Part IV), and can only be explained by a stronger adsorption of 
acetylene than of ethylene, as proposed by Cremer, Knorr, and Plieninger (Joc. cit.). The total yield of ©, 
products is slightly less than over platinum, and ethane formation is much more strongly suppressed by acetylene 
than with platinum catalysts, even in hydrogen-rich gases. The course found differs in minor respects from 
that found by Cremer, Knorr, and Plieninger ; ¢.g., in the present runs the start of appreciable ethane production 
is generally marked by a beginning of a rise in —dp/dt from a steady or falling value, not by a maximum in 
—dp/dt (cf. following section). 
Over deactivated catalysts, ethylene formation is no longer so selective. 
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(iii) Orders of reactions. The effects of partial pressures on (—dp/dt),, the initial value of —dp/dt, are shown 
in the following tables. 
Temp. 49°, C,H, pressure 198—203 mm. 
No. Of TUM .......cecceeeeees 9 1 14 3 6 20 5 15 8 
H, press. (mm.) 198 200 200 201 202 299 300 300 401 
(—dp/dt)y (mm./min.) ... 1-7 55 50070 10-0—sd22s‘id20-—s=838 
Temp. 49°, H, pressure 198—203 mm. 
12 11 14 1 9 6 3 13 10 
50 103 200 201 202 202 203 299 398 
10-0 8-0 5-0 5-0 5-5 7-0 6-0 6-0 4-5 
Temp. 49°, H, pressure 299—301 mm. 


coveccescces BB 17 19 16 5 15 20 
C,H, press. (mm.) 24 48 74 98 200 200 202 
(—dp/dt), (mm./min.)... 21:0 310 190 120 120 100 10-0 


The apparent orders are ca. 1-0 with respect to hydrogen and ca. — 0-4 to — 0-7 with respect to acetylene; 
they are in satisfactory harmony with the shapes of the total pressure-time curves before any acceleration, 
—dp/dt being assumed to depend only on the hydrogen and acetylene pressures. Cremer, Knorr, and Plieninger 
(loc. cit.) found a somewhat more negative order with respect to acetylene. High rates in runs 2 and 8 are 
probably due to non-establishment of diffusion equilibrium in the gas, reaction occurring in a zone of low 
acetylene pressure at the catalyst. This is supported by an abnormally large ethane production in the early 
stages of such runs. 

The influence of gas pressures on the yield of C, products is small, as shown in the following table. An 


Initial 
press. (mm.). Pressures (mm.) in gaseous product. Yield (%). 
ae ee, F 4+ 
Catalyst. run. C,H,. , » ad. t. C,H, C,,H,. C,H,. . « CeHy. 
j 21 403 101 185 41 
Pd-2 





22 400 200 193 72 

23-201 202 48 76 

[24 101 100 ~=—s-18 28 

f2 200 211 100 110 
4 


Pd-1 201 215 24 119 


increase from 62% to 80% in the yield of C, products is caused by a 20-fold increase in initial hydrogen : acetyl- 
ene ratio (1:4 to 5:1; the increase in final ratio is 150-fold). Since ethane formation can probably be neg- 
lected in the initial reaction, these data show that the above 

reaction orders apply approximately to both reactions Fic. 2. 

(I) C,H, + H, = C,H, and (II) C,H, + H, —~> products 
other than C, hydrocarbons, though their orders differ 
slightly in the same way as with nickel catalysts (Part I). 

Interpretation of the kinetics of reaction (I), in terms 
of strengths of adsorption, is discussed by Cremer, Knorr, 
and Plieninger (loc. cit.), who also considered it probable 
that reaction (II) possessed ‘similar kinetics. At present 
there is no reason to suppose that the large amount of 
hydrogen occluded in palladium gives rise to a mechanism 
very different in type from that over nickel or platinum for 
reaction (I) or (II). 

(iv) Effect of temperature. This was investigated in 
eight runs between 0° and 120° over a sample of Pd-2, with . an" 
initial pressures of 400 mm. of hydrogen and 200 mm. of 100 720 
acetylene. A plot of log,,(—dp/dt), against 1000/T Time, minutes. 

(T = absolute temp.) gave points grouped about a straight Initial pressures (inorder of admission) : Run 4: 201 
line of slope ca. — 2-6 with respect to the 1000/T axis, mm. CzH,, 202 mm. H,. Run 5: 200 mm. C,H,, 
though some deactivation occurred, and the ethane/ethylene a + on = ™~ Hy. Run 6: 199 mm. 
tatio hence increased with the age of the catalyst. This ee eee 7: 196 mm. CyH,, 201 
increase took place with both rising and falling temper- 4 

ature, and there was no evidence of variation of the ratio with temperature apart from the effect of deactivation. 
The total yield of C, products (Ap = 150 mm.) varied only from 72% to 80% between 0° and 120°. 

It is therefore concluded that reactions (I) and (II) have very similar heats of activation in the region of 
12—15 kg.-cals. (uncorrected for gas desorption). 

(v) Effects of ethylene and oxygen. Fig. 2 shows a comparison of the acetylene—hydrogen and ethylene— 
hydrogen reactions over a sample of Pd-2. Ethylene hydrogenation (run 4) was rapid, but with ethylene, 
acetylene, and hydrogen (run 5), —dp/d¢ was much lower and almost identical with that found with the same 
pressures of acetylene and hydrogen alone (run 6). Run 7 (ethylene hydrogenation) showed that the catalyst 
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had been only slightly deactivated since run 4. Products from runs 5 and 6 were analysed (Ap = 200 mm), 
and, after deduction of the added ethylene in run 5, were almost the same. The yields were: run 5, ethylene 
49%, ethane 10%; run 6, ethylene 54%, ethane 8%. There is thus very little increase in ethane production 
on adding ethylene, which behaves primarily as a diluent, clearly confirming the adsorption relationships already 
deduced. 

When oxygen was added, considerable amounts of it reacted, and the yields of C, products could be con. 
siderably lowered; for instance, with 200 mm. each of acetylene, hydrogen, and oxygen, —dp/d¢ was at first 
the same as with 200 mm. each of acetylene and hydrogen alone, but after ca. 5 minutes a very rapid pressure 
fall of some 200mm. began. The yield of C, products was less than 40% of the unrecovered acetylene (ethylene/ 
ethane ratio = 10). About 100 mm. of oxygen were removed (Ap = 273 mm.) ; about 10 mm. each of carbon 
monoxide and dioxide were formed, and almost certainly water vapour. Some free carbon was also present, 
suggesting reactions such as 2C,H, + O, = 4C + 2H,0. 

B. Reaction over Iron.—Some data for iron catalysts are givenin Table II. The shapes of the total pressure- 
time curves resembled those with nickel catalysts (PartI). The catalysts had a negligible action on acetylene 





TABLE II. 





Initial 
press. (mm.). Pressures (mm.) in gaseous product. Yield (%). 
Yo. of ooo HF ei ie. —_ 
Catalyst. run. C,H, H, Temp. Ap. t. C,H,. C,H, C,H, HH, C,H, C,H, C,H,. 
1 203 207 212° 217 10 14 16 118 33 7 62 4 
Fe-1 3 200 207 156 108 10 104 8 . 56 122 6 58 6 
5 204° 399 156 202 10 28 11 120 222 15 68 9 
Fe-1 2 320 304 20 265 .24,480 115 115 88 34 56 17 


12 

9 20 198 203 135 136 50 107 4 
Fe- 21* 197 202 135 136 58 113 4 220 82 36 23 43 

Fe-2 + 201 299 135 161 50 87 5 

5¢t 201 300 135 161 54 98 4 


* 202 Mm. of ethylene added. 
t+ 100 Mm. of oxygen added. A final water vapour pressure of 40 mm. is assumed, when the products also contain 
75 mm. oxygen and 2—3 mm. each of carbon monoxide and dioxide. 


alone at temperatures and pressures at which rapid reaction occurred in acetylene—hydrogen mixtures, during 
which 23—36% of the unrecovered acetylene (with ca. 3—} of that amount of hydrogen) formed products less 
volatile than C, hydrocarbons. Reaction was not readily detected in acetylene alone until temperatures 
about 100° higher were reached; e.g., with 300 mm. of acetylene over Fe-1 at 294°, the pressure fell by 47 mm. 
in 26 mins., the gas, after separation of fog, containing 96% of acetylene at that point. With acetylene- 
hydrogen mixtures, ethane production was low over Fe-1, but larger over Fe-2 (Table II). The pressures of 
unsaturated hydrocarbons higher than the C, series were 745—} of the amounts of acetylene removed as products 
other than ethylene and ethane. Iron catalysts were fairly readily deactivated (cf. Peters and Neumann, 
loc. cit.). 

Study of initial rates (two following tables) showed that (—dp/dt), is roughly proportional to the hydrogen 


Temp. 136°, catalyst Fe-2. Initial acetylene pressure 199—206 mm. 


MUUETNDS Sas vinacidnntniinecnnday, ae 12 17 1l 15 18 + 13 16 
ee eee re 50 102 149 200 202 298 300 399 481 
(—dp/dt), (mm./min.) ...... 0-8 2°5 3:7 7-0 6-0 10-0 13-0 18-0 21-0 


As above. Initial hydrogen pressure 298—302 mm. 


NR a 7 2 10 6 4 18 9 5 s 
C,H, press. (mm.) ........... 51 51 100 101 152 201 202 255 304 344 
(—dp/dt), (mm./min.) ...... 13 15 16 16 15 13 10 il 10 10 


pressure and approximately independent of the acetylene pressure. A small increase in yield of C, hydrocarbons 
occurred with increased hydrogen pressure, and it seems that the reactions over iron are kinetically very similar 
to those over nickel. 

The following table shows the effect of temperature on (—dp/dt),. 


Catalyst Fe-2; initial pressures 446—453 mm. of hydrogen, 146—155 mm. of acetylene. 


EE LT RE SE TY OE 14 9 10 13 12 ll 15 
EG. encddcdendonesestesssteciensicics A a 105° 118° 138° 160° 178° 200° 
(—dp/dt), (mm./min.) ............... 00024 0-35 0-70 2-25 4-7 14 28 60 


The plot of log,, (—dp/dt), against 1000/T is a good straight line of slope — 3-35 with respect to the 1000/T axis. 
Since a change in temperature from 212° to 20° caused only a slight increase in yield of C, products (Table II), 
it is concluded that reactions (I) and (II) over iron each have activation energies of 15—16 kg.-cals. 

The effect of added ethylene was studied as with palladium catalysts. With 200 mm. each of ethylene and 
hydrogen, —dp/dt was about twice as great as with the same pressures of acetylene and hydrogen (run 20, 
Table II). With ca. 200 mm. each of acetylene, hydrogen, and ethylene (run 21) the rate was almost the same 
as in run 20, and the increase in ethane yield relatively small, though the catalyst was still as active for ethylene 
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hydrogenation. Acetylene appears to be more strongly adsorbed on iron than ethylene at the same temperature 
and pressure, though the difference in strengths of adsorption is less marked than with palladium. The body- 
centred cubic lattice of a-iron cannot be related any more simply to these phenomena than the face-centred 
lattices of nickel, palladium, and platinum (Part I). 


Oxygen in large amount (run 5 over Fe-2 in Table II) had very little retarding effect, though some of it was 
removed; water was probably the chief oxidation product. The yields of C, hydrocarbons were little changed 
(possibly slightly lowered) by oxygen, the effect of which therefore differs notably from its action with nickel 
catalysts (Part III). It was also shown that oxygen scarcely lowered —dp/dé in ethylene—hydrogen mixtures 
over a catalyst previously used in runs with acetylene. 

Apart from the influence of oxygen, the phenomena with iron have a general resemblance to those with 
nickel, though the yield of C, products is higher over iron (in disagreement with most earlier work), and ethane 
production can be larger with certain iron catalysts. 


C. Other Catalysts —Some data for these are collected in the following tables. The shapes of all the total 
pressure—time curves at constant volume resembled those for nickel (Part I). 


Runs at constant volume over various catalysts. 
Initial 
press. (mm.). Pressures (mm.) in gaseous product. 
———— o 

Hy. . Ap. : C,H,. C,H,. C,H,. 

205 142 

418 202 

201 168 

199 197 

202 196 

401 197 

398 201 

201 173 

203 171 

499 152 

197 225 

198 202 210 10 


* These yields should be slightly lower, since fog was formed on withdrawing gas. 





6 
10 


~ 
nom 


— 
O~IMDDWNW-1-10 © 


Flow experiments (at ca. 1 atm.) over mixed metal catalysts. 
Flow rates (1. /hr. of dry 
gas at N.T.P.). Vol. % in gaseous product 
aie . (to nearest unit %). 9 Yield (%). 
Temp. Gaseous “~ 
Catalyst. (+ 5°). . H,. product. CH, C,H,. 
Ni-Co-l 164° . 1-51 1-04 13 
185 * . 1-41 1-06 
2-57 2-20 
1-73 0-78 
2-02 2-27 
1-48 1-49 
1-01 1-26 
1-41 0-80 
1-52 1-35 
1-73 1-29 


* 2—3 L./hr. of acetone vapour passed. Tt 2-4% of nitric oxide in reactants. 








4 C,H 6 


oo» @ -~1-10 CrP OC 


The rate and yields of reaction over cobalt at ca. 200° resembled those over a nickel catalyst of similar 
composition at ca. 80°. The ratio of the amounts of acetylene removed by reaction (II) to those of hydrogen 
so removed was about 1-5 in the runs at ca. 200°, but at 250° it had risen to 3 and the yield of C, products had 
fallen. The catalyst had only very slow action on 300 mm. of acetylene alone at 200°; at 250° the pressure 
fell by 54 mm. in 165 mins., and at 303° by 117 mm. in 50 mins., some ethylene, hydrogen, and condensation 
products being formed. .When these data are compared with those for the faster reactions in acetylene- 
hydrogen mixtures at the same temperatures, there is little doubt that hydrogen promotes reaction (II) over 
cobalt. Though catalyst deactivation prevented successful study of reaction orders, —dp/dt appeared to 
increase with the hydrogen pressure and to depend much less on the acetylene pressure. Raising the hydrogen 
pressure increased the yield of C, products slightly, and the data seem in accord with kinetics similar to those 
with nickel (Part I). 

Over little-used copper catalysts at ca. 170° and with excess of hydrogen, yields of C, products (chiefly 
ethylene) were 70—80%, and the amount of acetylene removed by reaction (II) was only about twice that of 
hydrogen so removed. With a 1: 1 initial gas ratio, however, the yield of C, hydrocarbons fell to some 35— 
45%, and reaction (II) then removed 7—10 times as much acetylene as hydrogen, removal of acetylene in this 
way increasing with use of the catalyst. These phenomena are no doubt due largely to the autocatalytic 
production of cuprene, which occurred in acetylene alone (¢.g., 200-400 mm.) at the same temperatures. With 
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excess of hydrogen over copper, the chief C, product was ethylene, even when the rate of reaction had fallen 
almost to zero; the catalysts were apparently rendered inactive for the hydrogenation of ethylene to ethane. 
On account of the complex ‘aature of the reactions, and changes in activity and effect of the catalyst, no good 
evidence of reaction orders could be obtained. 

Nickel—cobalt was at least as active as-nickel, but the yields of C, products (especially ethylene) were mostly 
rather greater than with nickel under like conditions. Dilution with acetone vapour or nitrogen had little 
éffect on the reaction over nickel—cobalt, which became less active from the commencement of its.use. With 
Ni-Co-1 at 300°, acetylene alone gave products resembling those formed over nickel at ca. 250°, but containing 
more hydrogen. Nickel—silver showed the early increase in activity characteristic of nickel, which it resembled 
in action. Nickel-cobalt-silver gave yields similar to those over nickel-cobalt; they were little affected by 
nitrogen or small amounts of nitric oxide. 

D. General.—The reactions over nickel, palladium, platinum, iron, and probably cobalt show a close general 
similarity, which suggests that each has essentially the same types of mechanism (cf. Part II). There remain 
certain unexplained facts; for example, unless modifications occur at the surface, three different types of 
lattice are active in the series of metals named, and it is difficult to formulate identical mechanisms on all three 
lattices, though the important initial steps may occur on them all. Unfortunately, strict comparison of 
activities (e.g., per unit surface of metal) is not yet possible, but we note that, as here prepared, the face-centred 
cubic metals, nickel, palladium, and platinum, are considerably more active than iron and cobalt, which suggests 
the closest similarity of mechanism on the face-centred lattices. This can only be applied to the vertical group, 
nickel, palladium, and platinum, since copper, with a lattice similar to that of nickel, is much less active than 
that metal, and gives rise to the peculiarly specific polymerisation of acetylene to cuprene. The relationships 
between metallic structure and catalytic action in the acetylene—hydrogen reaction are therefore at present 
explicable only to a very limited extent; the electronic structure of the metal is no doubt important as well as 
crystal form, a fact which probably explains why the closest similarity of phenomena is found in the vertical 
group nickel, palladium, and platinum. A better comparison of catalytic actions will probably be possible when 
more is known of the structures of the hydrocarbons higher than the C, series formed over various metals; 
except in the case of nickel catalysts, present knowledge of these products is very slight. 


The author thanks Mr. D. Ll. Hammick for advice and suggestions, and the Department of Scientific and Industrial 
Research for a grant. 
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123. The System Sodiwm Carbonate—Sodium Borate—Water at 35°. 
By L. M. Hitt. 


This ternary system has been studied at 35° in order to find out if compound formation occurred between 
the carbonate and the borate. No compounds were observed in contact with solutions containing less than 
20% of the carbonate, and beyond this point the system became quaternary with the formation of a solid 
containing sodium hydrogen carbonate, i.e., sesquicarbonate (Na,CO;, NaHCO,,2H,0). 















THE system under consideration is in effect only a part of the quaternary system Na,O-B,O,-CO,-H,O. It is 
also contained in the more restricted system Na,CO,-NaHCO,—Na,B,O,—Na,B,0,-H,O0 which was studied as 
a reciprocal salt pair by Teeple (‘‘ The Industrial Development of Searles Lake Brines,’’ 1929, pp. 124—125), 
who, however, did not examine the section represented by the system under discussion. In dealing with our 
ternary system a careful watch was kept for any departure from ternary phenomena. This involved a system- 
atic check on the relationship between sodium oxide and carbon dioxide plus boric oxide in the system phases. 
It was found that the solubility of hydrated borax could be followed in sodium carbonate solutions of increasing 
concentration up to about 20% by weight. Beyond this point the system lost its ternary character since 
sodium sesquicarbonate appeared as a solid phase. A few determinations were then made for quaternary 
solutions in equilibrium with sesquicarbonate and borax; the complete system Na,O-B,O,-CO,-H,O was not 
dealt with. 

The limit of ternary phenomena and the composition of the two isothermal invariant solutions obtained in 
the four-component system are in substantial agreement with Teeple’s results. 





EXPERIMENTAL. 


Each solubility mixture was placed in a glass bottle fitted with a rubber stopper carrying a glass stirrer which was 
rotated at about 300r.p.m. The stirring time for the different mixtures varied from 3 to 11 days, after which agitation 
was stopped and the bottle contents allowed to settle. Samples of equilibrium solution were withdrawn by a dry warm 
pipette, then weighed and analysed. The solid phases were filtered off and eventually dissolved and analysed. The 
identity of each solid phase was determined graphically by plotting the composition of each solution with that of the 
unwashed solid (‘‘ rest ’’). 

The analyses included determination of sodium oxide by titration with standard acid (methyl-orange), followed by 
addition of glycerol and titration of the boric acid (phenolphthalein). The carbonate was determined gravimetrically 
by liberating carbon dioxide with acid and weighing it after absorption in potassium hydroxide solution. 
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Two tables of solubilities are given: the ternary system Na,CO,—Na,B,O,-H,0O as far as it can be followed at 35° 
and points on the quaternary system* In ‘the first table the ‘‘ rest’ compositions have been included with the solution 
data, but im the second, ‘‘rests,’’ though analysed have been omitted, solution composition being expressed both as 
weight percentages and also per 100 parts by weight of Na,O + B,O, + CO,. 


Ternary system Na,CO,-Na,B,O0,-H,O at 35°. 
(Solid phase = Na,B,O,,10H,0.) 
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124. The Standard Electrode Potential of Magnesium. - 
By G. E. CoatEs. 


The standard electrode potential (E,) of magnesium has an important bearing on the various proposed cor- 
rosion mechanisms. A new value, —2-375-+-0-005 volts, has now been calculated from precise thermal data and 
from the activity product of magnesium hydroxide. 


THREE radically different mechanisms have been proposed for the corrosion of magnesium in aqueous solutions. 
In the first (Whitby, Trans. Faraday Soc., 1933, 29, 1318) the potential of the corroding metal in saline solution 
is interpreted in terms of preferential discharge of hydroxide ions, this theory being based on a, value for the 
standard electrode potential of magnesium of E, = — 1-85 volts, obtained by Beck (Rec. Trav. chim., 1922, 
41, 353) by direct measurements with magnesium and magnesium amalgam electrodes. The second mechanism 
(Gatty and Spooner, ‘‘ The Electrode Potential Behaviour of Corroding Metals in Aqueous Solutions,”’ Oxford, 
1938) is derived from various thermodynamically calculated values for E, ranging from —2-35 to —2-54 volts, 
and this choice necessarily implies that corroding magnesium is in a state of high anodic polarisation, since the 
potential of the corroding metal is generally about —1-5 to —1-6 volts on the hydrogen scale. The third 
mechanism (Hanawalt and McNulty, Trans. Amer. Electrochem. Soc., 1942, 81, 423) is based on a value — 1-55 
volts for E,, which is found in many chemical textbooks. According to this mechanism the corroding metal 
is barely anodically polarised. 

A reliable decision on the correct value for E, has clearly become a matter of some importance. Fortu- 
nately, some precise thermal data have recently been published which allow E, to be calculated thermo- 
dynamically with fair accuracy. The result of this calculation, viz., E, = — 2-375+.0-005 volts, shows clearly 
that the,corrosion mechanism proposed by Gatty and Spooner is to be preferred to the others. In particular, 
it is quite certain that in contact with aqueous solutions magnesium is always in a state of considerable anodic 
polarisation, since its potential on the hydrogen scale is always much more positive than — 2-375 volts. 

Previous thermodynamically calculated values (in volts) are: —2-512 (Makishima, Z. Elektrochem., 1935, 
41, 697), —2-353+0-05 (Devoto, ibid., 1928, 34, 21), —2-34 (Latimer, ‘‘ Oxidation Potentials,” Prentice-Hall, 
1938), —2-54 (Wilsmore, Z. physikal. Chem., 1900, 35, 310). ; 

Data.—All data refer to 25° (298-I,° x.) and energies are given in international joules. Published values in 
calories at 15° were converted into these units by the factor 4-1833 (Rossini, J]. Res. Nat. Bur. Stand., 1939, 
22, 407). 

1. Heats of formation. Units: int. j. mole}. 

Mg) + 40 xg) = MgO,.; AH? = — 601,726+210 (Shomate and Huffman, J. Amer. Chem. Soc., 1943, 
65, 1625). MgO,. + H,Oy = Mg(OH),,.,; AH} = — 40,741420 (Giauque and Archibald, ibid., 1937, 
59, 561). Hag, + 40.4= H,Og, ; AH} = — 285,795+440 (Rossini, Joc. cit.). 
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2. Entropies. Units: int. j. mole-! degree-!. 
Mg) : S} = 32-50+0-4 (Clusius and Vaughen, J. Amer. Chem. Soc., 1930, 52, 4696; Kelley, Bull. 
Bur. Mines, No. 350, 1932, p. 31). ; 
MgO. : 27-86+0-04 (estimated uncertainty) (Giauque and Archibald, loc. cit.). 
Mg(OH) x) : 63-13+0-04 (estimated uncertainty) (idem, ibid.). 
Hew) : 130-644+ 0-02 (Rossini, Joc. cit.). 
Org) : 205-090+ 0-04 (idem, ibid.). 
H,Oy : S§ = 70-081+0-08 (idem, ibid.). 
3. Free energies. Units: int. j. mole-}. 
= H+ + OH” (free energy of ionisation of water) ; ; 
= 79,879+3 (Harned and Owen, Chem. Rev., 1939, 35, 36). 
= Mg++ + 20OH- (free energy of solution of magnesium hydroxide) ; 
= — RT In (activity product). 


Kline (J. Amer. Chem. Soc., 1929, 51, 2093) found 5-5 x 10-!? for the activity product. The possible range 
of values for this quantity is 3-5—8 x 10-!% (it is rather difficult to measure). Hence AG$ = 64,260+ 1000. 
Calculation of E,.—The standard potential of magnesium, E,, is related to the standard partial free energy 


of the magnesium ion Go t+ by the equation 2E,F = GE,tt- The latter may be calculated from the free energy 
of formation of magnesium hydroxide and its free energy of solution (AG$), since 

Ghigo 410) = Gh, ++ = 2G n- — AG$ 
Of these quantities, Gy,,om,«) May be calculated from the heat of formation of Mg(OH),, AG§ is known from 


its activity product, and G®,- may be calculated from the known thermodynamic properties of water. These 
are considered in turn. 


Ghgcomse) = (AHY + AHG + AH$3) — T(S3 — S} — S} — S$) 


AG$ is given above. GS,- is equal to the sum of the free energy of formation of liquid water and its free 
energy of ionisation (AG%), since 


Gou- + Gh+ = GE, + RT In K,, and Gis = 0 


by definition of the scale of ionic partial free energies. Hence 


Giq- = AHY — T(S$ — S} — 45%) + AG? 
Now G8,++ = Geom) — 2G9u- + AGS 
(AH? + AH’ + AH3) — T(S3 — St — St — Si) — 2H} + 2T(S3 — S} — 45%) — 2AG? + AG? 
(AH? + AH’ — AH3) — T(S$ + S¥ — Sf — 25%) — 2AG? + AGS 
— 458,470. 


The uncertainty may be computed on a root mean square basis. The R.M.S. error of the H terms amounts to 
+215, that of the TS terms to + 135, and that of the. AG} term to +1000 j. mole-4. Hence, it is clear that by 


far the largest part of the uncertainty in Gj,++is due to the uncertainty in the activity product of magnesium 
hydroxide. 


Hence, Gi,.++ = —458,470 + 1030 int. j. mole-1. 


A recent survey (Manov, Bates, Hamer, and Acree, J. Amer. Chem. Soc., 1943, 65, 1765) of fundamental con- 
stants gives (9-650+.0-001) x 10‘ int. coulombs g.-equiv.-! for F, hence E, = — (458,470+ 1030) /2 x 96,500 = 
— 2:375+0-005 volts. 

All the data of the above calculation are the results of modern precision thermochemical methods, with the 
sole exception of the activity product of magnesium hydroxide. In order that a more accurate value for E, 
may readily be calculated if a better determination of solubility is made, the following formula is given : 


394,210+260 + RT In (act.prod.) 
193,000 





E, = — 
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125. The Potential and Rate of Solution of Magnesium in Deuterochloric Acid. 
By G. E. CoarEs. 


The potential and corrosion rate of pure magnesium have been measured in solutions of deuterochloric acid 
and of sodium chloride in deuterium oxide, and compared with its behaviour in similar aqueous solutions of 
hydrochloric acid and sodium chloride. The potential is 0-11—0-22 volt more negative in the deuterium 
oxide solutions; this indicates that the potential contains an overvoltage term. The acid corrosion rates are 
very similar in the two solvents; this suggests a diffusion control mechanism. The saline (alkaline) corrosion 
rate is about 30 times faster in deuterium oxide than in water. 

An apparatus is described for the preparation and manipulation of small quantities of deuterochloric acid. 


THE most recent value for the standard electrode potential of magnesium, — 2-375 volts (preceding paper), has 
been shown to support Gatty and Spooner’s mechanism for the corrosion of magnesium (‘‘ The Electrode 
Potential Behaviour of Corroding Metals in Aqueous Solutions,’’ Oxford, 1938), and to exclude the other theories. 
The basis of their theory is that the self-polarisation of the corroding metal is almost entirely anodic and that 
the potential is determined by hydrogen overvoltage. It must be realised, of course, that the existence of 
hydrogen overvoltage itself implies a state of cathodic polarisation in that the electrode potential is more nega- 
tive than that of a reversible hydrogen electrode. Gatty and Spooner could not test their theory since they had 
no information about the overvoltage behaviour of magnesium, but they endeavoured to do so by the use of 
overvoltage—current density relations which have since been shown (Hickling and Salt, Trans. Faraday Soc., 
1942, 38, 474) not to have general validity. One part of their theory, viz., that the corroding metal is under 
high anodic polarisation, follows from the large difference between the potential of the corroding metal (—1-5 to 
— 1-6 volts in most solutions) and its standard potential (— 2-375 volts). The other part, viz., that the potential 
of the corroding metal is equal to the reversible hydrogen electrode potential of the corroding solution plus the 
hydrogen overvoltage of the metal, was not so certain. This aspect is now examined. 

Bowden and Kenyon (Nature, 1935, 135, 105) found that, although reversible electrode processes took place in 
deuterium oxide at very nearly the same potentials as in water (see also Drucker, Trans. Faraday Soc., 1937, 
33, 660; Novak, Coll. Czech. Chem. Comm., 1937, 9, 207), yet the irreversible discharge of hydrogen ions on 
mercury proceeded over a range of current densities at a potential 0-13 volt more negative in deuterium oxide 
than in water. Blokker (Rec. Trav. chim., 1936, 55, 979) found that for iron cathodes deuterium overvoltages 
in deuterium oxide were about 0-05—0-1 volt greater than hydrogen overvoltages in water. It is in the 
highest degree improbable that this effect is confined to iron and mercury, which are electrode materials of 
widely different properties. Its generality is suggested by the fact that considerable hydrogen—deuterium 
separation factors, which are certainly related to overvoltages, are observed at all cathodes examined. Con- 
sequently the effect is to be expected for magnesium, i.e., its deuterium overvoltage should be greater than its 
hydrogen overvoltage for similar current densities. Hence, if the potential of corroding magnesium does 
involve hydrogen overvoltage—on Gatty and Spooner’s theory—then it should be decidedly more negative 
in deuterium oxide solutions than in ordinary aqueous solutions. Similarly, if the potential be governed by 
some other processes, no appreciable difference would be anticipated. 

Since the corrosion of magnesium in saline solutions, which rapidly become alkaline, is complicated by the 
formation of obstructive hydroxide films and current densities are therefore unknown, most of the work 
described below was carried out with acid solutions in which the corrosion of magnesium is uniform. 

The object of this work was to compare the potentials of magnesium corroding in solutions of deutero- 
chloric acid in deuterium oxide and of hydrochloric acid in water, these acids being chosen since deuterochloric 
acid is prepared more readily than other deutero-acids. To obtain further information about the corrosioz 
mechanism, corrosion rates were measured in addition to potentials. Some additional measurements were 
made with solutions of sodium chloride in light and in heavy water. 


EXPERIMENTAL. 


1. Preparation of Solutions.—The apparatus (Fig. 1) was built of Pyrex glass with the extensive use of standard 
round joints. Deuterium chloride was prepared, by a modification of Brown and Groot’s method (J. Amer. Chem. Soc., 
1942, 64, 2223), from deuterium oxide and benzoyl chloride. This method has the great advantage that both deuterium 
atoms in deuterium oxide are converted into deuterium chloride, with the formation of benzoicanhydride. The deuterium 
oxide (at least 99-9% pure; obtained from the Stuart Oxygen Co., San Francisco) was contained in a sealed tube holding 
10 g. The latter was opened in the following way to avoid contamination with atmospheric moisture. The neck was 
scratched with a diamond and the tube placed in B8 (top left) which was attached to J1 (bottom right); B8 and the 
22-c.c. bulb B (J2) were evacuated through S8 and S9 by an oil-diffusion and rotary pump, and with S7, 8, 9, and 10 
closed, the neck of the deuterium oxide bulb (previously frozen in a carbon dioxide-ether bath) was cracked off by the 
hot wire device of B8. After the gas thus set free had been pumped off, the heavy water was distilled into the bulb B 
(J2) by cooling the latter, which could be detached and weighed. About 0-2 c.c. of deuterium oxide was transferred to 
the calibrated capillary S2, the section S1-S3 having been previously evacuated. ‘‘A.R.’’ Benzoyl chloride, previously 
distilled (b.p. 26°/1 mm.) to remove hydrogen chloride, was sublimed through J2 into B2 (about 15 g.). Before the 
actual preparation of deuterium chloride, the reservoir B4 was evacuated, together with the rest of the apparatus, and 
the deuterium oxide in S2 was condensed on the benzoyl chloride in B2. Pure hydrogen was then admitted through 
the drying tube D2 (magnesium perchlorate) to a pressure of about 500 mm.; this was necessary since deuterium oxide 
and benzoyl chloride do not react at an appreciable rate at the low b.p. of benzoyl chloride at lower pressures. T he 
benzoyl chloride and deuterium oxide were heated to boiling, with reflux from the water-cooled condenser above Bi. 
When the total pressure (H, + DCI) had risen to about 1 atm., the heating was stopped, the trap Tl cooled to —80’, 
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T2 to —196°, and the gases slowly evacuated; some benzoyl chloride condensed in Tl and the deuterium chloride all 
condensed in T2. More hydrogen was admitted, and the above procedure repeated until all the deuterium chloride 
available had been collectedin T2. The apparatus was then pumped out, S3 closed, B3 cooled to — 196°, and T2 warmed 
to —80°. The deuterium chloride, then in B3, was transferred to B5 by cooling the latter to —196° and warming B3, 
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$8 having been closed and S4 and S5 opened. At this stage the Pirani gauge (communication through S7) indicated a 
pressure of 0-005 mm. of uncondensed gas, which was pumped off. Finally, with S5 closed, the deuterium chloride was 
allowed to evaporate into the storage vessel B4 (about 300 c.c.). 

Solutions of deuterochloric acid in deuterium oxide were prepared by dissolving a known volume of the former (at 
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known temperature and pressure) in a weighed quantity of the latter. The volume of each of the bulbs B was measured 
(including the tap bore); they were each about 22 c.c. and therefore contained about 1 millimole of gas at N.T.P. One 
of these weighed and evacuated bulbs was attached to J3 and filled with deuterium chloride at atmospheric pressure 
(R1 being levelled against B4), and the temperature noted. After the stopcock above the bulb B had been closed (S4 
being closed), the deuterium chloride in B4 and in the space between S4 and S5 was condensed in B5 (— 196°), S5 closed, 
and the deuterium chloride allowed to expand into B4. The bulb B was then transferred to J5, frozen in liquid nitrogen, 
and put into communication with another similar bulb attached to J2 and containing a weighed quantity of deuterium 
oxide, which condensed on the frozen deuterium chloride under J5. Finally, hydrogen was admitted to 500—600 mm. 
The discrepancy between the final weight of acid solution and the calculated weight of its components was usually about 
1 in 10*. Molar concentrations were calculated from molal on the assumption that the apparent molar volume 
of deuterium chloride is the same as that of hydrogen chloride at similar concentrations. The acid was always about 
0-In. The apparatus was degassed by being heated in a flame as far as possible; the large number of lubricated joints 
and stopcocks rendered this method somewhat ineffective, however, and further (surface) degassing was carried out by the 
passage of an electric discharge through the apparatus in the presence of about 0-05 mm. of hydrogen. 

2. Corrosion Experiments.—The magnesium electrodes were prepared from pure distilled metal with the object of 
avoiding contamination with iron (the most objectionable impurity with regard to corrosion) ; a special casting method 
resulted in iron contents from 0-0003 to 0-0007%. The electrode areas, measured with a travelling microscope, were 
about 1 cm.?, the remainder of the rod being coated with Edwards’s Wax ‘‘W”’ except for the electrical connection at 
the top. The magnesium and the silver chloride electrode were mounted in ground joints J9 and J7. Preliminary 
experiments confirmed that the dry silver chloride electrode reached equilibrium within about 1 mv. a minute after 


















immersion. Potentials were measured with a Cambridge vacuum tube potentiometer. The progress of corrosion was 
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Potential and corrosion rate of magnesium in dilute solutions of HCl in H,O and DCl in D,O (derived curves). 


followed by the evolution of hydrogen or deuterium measured in the 25-c.c. gas burette, with levelling tube and finely 
adjustable reservoir R2. The mercury in both burette and levelling tube was lubricated with butyl phthalate to prevent 
remy The whole corrosion test unit was immersed in a water thermostat at 25°0-05°, and was easily demounted 
or cleaning. 

The bulb B containing DCI-D,O of known concentration was attached to J8, and J5 was closed with a ground stopper. 
For experiments with aqueous solutions, the bulb was filled with de-aerated 0-1n-hydrochloric acid saturated with 
hydrogen. The mercury in the gas burette was brought to the zero mark, and S13 and S14 closed, then, with S11 and 
S12 open, the apparatus was evacuated until thoroughly dry. Hydrogen was admitted through D2 and S16 to atmo- 
spheric pressure, and S12 closed. The hydrogen pressure in the rest of the apparatus was reduced to about } atm., 
and with S10 closed the acid was allowed to flow into B6. The hydrogen pressure in B6 was increased tol atm. and the 
acid allowed to reach thermal equilibrium. Since the right-hand side of the mercury manometer M was evacuated, the 
mercury level on that side was about 75 cm. higher than on the other side; the acid was driven into B7 by opening 
$12, S13, S14, and S15, whereupon the rise of mercury in the left-hand limb of M forced hydrogen into Bé6 and acid 
into B7. Then S12 and S13 were immediately closed and readings were taken on the gas burette and the potentiometer. 
It was necessary to know exactly how much acid was in B7 by measuring the quantity remaining in the bulb B over 
J8 and in B6. During the later stages of the corrosion experiment this part was evacuated, and any acid condensed in 
T3 at —80°. This was transferred to an evacuated bulb under J2 and weighed; hence the amount of acid in B7 was 
known accurately. At the end of the run the deuterium oxide was recovered in a very similar way, any acid left being 
removed by prolonged contact with magnesium turnings (in Bl). 

Results.—The experimental results were plotted as graphs showing the potential and volume of gas evolved (corrected 
to N.T.P.) as a function of time. From the total volume of hydrogen or deuterium evolved, the concentration of acid 
remaining in the corrosion cell was calculated, and the slope of the volume-time curve gave the corrosion rate. The 
latter was finally plotted against the acid concentration (Fig. 2). This graph does not show experimental points since 
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it is derived from a smoothed curve of the tangents of the experimental curves; it shows the mean results of three runs 
with HCI-H,O and two with DCI-D,O. Potentials were measured every few minutes at the beginning of the experi- 
ments with acid solutions, and at longer intervals towards the end when the corrosion rate became very slow. The 
experiments were continued for between 4 and 24 hours. Some additional experiments were carried out with 3% (by 
weight) solutions of sodium chloride in water and deuterium oxide. 


DISCUSSION. 


Potentials.—The potential of the corroding metal, measured against a silver chloride reference electrode 
without liquid junction, remained sensibly constant until the acid concentration dropped to about 0-02N in 
aqueous and 0-01N in deuterium solutions. At lower acid concentrations the potentials were changing rapidly 
(with concentration, though slowly with time) and the graph is less accurate in this range. The most significant 
result, however, was that in the deuterium solutions the potentials were 0-115—0-14 volt more negative than 
in the (hydrogen) aqueous solutions. This difference is similar to that observed by Bowden and Kenyon 
(loc. cit.) for mercury, viz., 0-13 volt. At the beginning of the experiments the potentials were approximately 
—2-11 volts in 0-1nN-DCI-D,O, and —1-97 volts in 0-1IN-HCI-H,O. On the convention that the potential of 
the silver chloride electrode on the hydrogen scale is 0-222 — (RT /F)lnmoyync, the potentials of the magnesium 
on the same scale become — 1-82 and — 1-68 volts, respectively. The error in assuming equality between the 
potentials of the silver chloride referénce electrode in the two solutions is negligible on account of the small 
difference of 3-4 mv. found by Abel, Bratu, and Redlich (Z. physikal. Chem., 1935, A, 178, 353) between the 
e.m.f. of the cell Pt,H,|HCl|AgCl,Ag in light and in heavy water. 

In a 3% (by wt.) solution of sodium chloride in water, the potential of pure magnesium, against a silver 
chloride reference electrode, was about — 1-70 to — 1-71 volts at 25°, and was steady within about 0-02 v. In 
a 3% (by wt.) solution of sodium chloride in deuterium oxide, the potential fell after immersion from — 2-08 to 
—1-93 or —1-92 volts, remaining constant after about 20 hours. Hence the steady potential in deuterium 
oxide salt solution is about 0-22 volt more negative than in aqueous salt solution; this is a greater difference 
than in acid solutions. 

For the reasons already given, these results indicate that the potentials of corroding magnesium in both 
acid and alkaline solutions are determined by hydrogen overvoltage, or at least that they contain an over- 
adltage term. 

Corrosion Rates.—Fig. 2 shows that in strongly acid solutions the corrosion rates in light and heavy water 
are identical within the experimental error (estimated at +15%). At acid concentrations below 0-05n, how- 
ever, the deuterium oxide rate was significantly higher than the waterrate. Ina3% solution of sodium chloride 
the corrosion rate in deuterium oxide, observed over a period of 72 hours, was very nearly constant at 6-2 mg. 
of magnesium per cm.” per day, or a mean current density of 0-58 ma. percm.? This is very much greater 
than the rate in aqueous 3% salt solution, 0-23 mg. of metal percm.* perday. Hanawalt, Nelson, and Peloubet 

Metals Technology T.P. 1353, Sept. 1941) found a mean corrosion rate of about 0-2 in the same units for 
fagnesium of similar purity. 

Two points arise from these results. The standard potential is —2-38 volts, and the actual potential is 
—1-82 volts in 0-1In-DCI-D,O and —1-68 volts in 0-1N-HCI-H,O. It might perhaps be expected that the 
logarithm of the “‘ driving force ’’ causing corrosion would be proportional to the difference between the two. 
On the supposition that the corrosion rate is proportional to this ‘‘ driving force’ (Glasstone, Laidler, and 
Eyring, “‘ The Theory of Rate Processes,” Chap. X, McGraw-Hill, 1941), the rate in deuterium oxide should be 


: Ip = const. e~ @-69-0-08)F/RP 
and in water, Ig,o = const. e- (1-68-2-38)2F /RT 
Hence T,0/Ip 0 = 0° 28F/BT — 54,000 


The observed similarity between the two rates strongly suggests that the actual potential of the metal is not a 
major factor in determining the corrosion rate. The alternative possibility is that the corrosion rate is limited 
almost entirely by diffusion, viz., the diffusion of hydrogen ions to the metal surface. That the rate of ionic 
migration is not an important factor is suggested by the contrast between the similarity of corrosion rates in 
the two media and the considerable difference between the mobilities of hydrogen and deuterium ions in water 
and in deuterium oxide, respectively. If, then, the corrosion rates are controlled by diffusion, the rate in 
deuterium oxide should be about 12% less than in water on account of the difference in viscosity. This was 
not observed, but an effect of this magnitude would probably be lost in the experimental error of +15% 


mentioned above. No satisfactory interpretation has yet been found for the faster corrosion in very dilute 
acid and saline solutions in deuterium oxide. 
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426. Concentration Polarisation in Acid Solutions. 
By G. E. CoatEs. 


The electrical technique recently developed by Hickling and Salt for overvoltage measurements permits 
concentration polarisation effects to be studied at high current densities. This paper describes the measure- 
ment of cathode concentration polarisation in acid solutions, and the observations include the effects of acid con- 
centration, temperature, the presence of neutral salts and weak acid, and the time decay after switching off the 

larising current. The results suggest that in the presence of excess of neutral salt, concentration polarisation 
in acid solutions is limited at high current densities by the buffer action of water in the alkaline pH region, the 
electrolyte becoming alkaline in the immediate vicinity of the electrode. In pure acid solutions it is shown that 
this electrode layer cannot become alkaline, and it appears that the greater part of the observed polarisation is 
due to a state of slight electrical unbalance which obtains at high current densities and sets up a diffuse double 
layer potential of the same polarity as normal concentration polarisation. The greater part of the polarisation 
observed in pure acids is probably due to this diffuse double layer potential. 


CONCENTRATION polarisation is an effect observed at a working electrode which is passing an appreciable 
current, and refers to the deviation of the electrode potential from its reversible value caused by local con- 
centration changes in the immediate vicinity of the electrode. The effect is of interest in relation to electro- 
deposition and to the acid corrosion of active metals, e.g., magnesium (Coates, J. Inst. Metals, in the press). 

Previous experimental studies have been confined to measurements at very low C.D.’s, commonly involving 
oxidation—reduction processes (Wilson and Youtz, Ind. Eng. Chem., 1923, 15, 603; Goldschmidt, Z. Elektro- 
chem., 1900, 7, 267; Nernst and Merriam, Z. physikal. Chem., 1905, 58, 235; Glasstone and Reynolds, Trans. 
Faraday Soc., 1933, 29, 399). Butler.has studied polarisation effects at high current densities from the aspect 
of passivity and the formation and reduction of oxide films (Butler and Armstrong, Proc. Roy. Soc., 1932, A, 
187, 604;. 1933, A, 189, 406; Armstrong, Himsworth, and Butler, ibid., 1933, A, 148, 89; Pearson and Butler, 
Trans. Faraday Soc., 1938, 34, 806, 1163). The accurate measurement of cathode concentration polarisation 
in aqueous solutions of acids has hitherto been impossible because the product of the C.D. with the resistance 
of the electrolyte gives a potential which is not separable from the concentration polarisation. By Hickling 
and Salt’s technique (ibid., 1940, 36, 1226; 1941, 37, 450) this difficulty can be overcome. The principle of 
the method, developed for overvoltage measurements at high C.D.’s in strongly acid solutions, is as follows: 
by means of an electrical circuit including a gas-filled relay, the polarising current is interrupted several times 
a second, the duration of the period of interruption being controllable from 20 microseconds to periods of any 
desired length. During the period of interruption the potential is measured with an accuracy of about 0-02 
volt by means of a potentiometer incorporating another gas-filled relay. During these very short periods of 
interruption the hydrogen overvoltage of a suitable (e.g., platinised platinum) cathode falls only slightly; by 
measuring the potential for various periods and extrapolating to zero the overvoltage is obtained free from 
error due to the resistance of the electrolyte. The method is well suited to measurement of concentration 
polarisation. 

Agar and Bowden (Amn. Reports, 1938, 35, 90—113) have discussed some theoretical aspects of concentration 
polarisation on the basis of the Nernst diffusion layer, particularly the effect of the addition of neutral salts. 
The following symbols are used : C, = concentration of hydrogen ions in the body of the solution, C, = con- 
centration of hydrogen ions at the cathode surface, d = thickness of the diffusion layer, k = diffusion coefficient 
of the acid, J = current density, T, = transport number of hydrogen ions, F = the faraday, y, = concen- 
tration polarisation (i.e., the difference between the working and reversible electrode potential, minus the 
hydrogen overvoltage). 

Agar and Bowden show that in the absence of cations other than hydrogen ions, the rate of removal of the 
latter by discharge, J /F (g.-equiv. cm.~ sec.-1), is balanced by migration at a rate T,J/F and by diffusion at 
a rate k(C, — C,)/d. Hence 

T,1/F + k(C, — C,)/d = 1/F 


Since C, cannot be less than zero, the limiting current which can be maintained by migration and by diffusion 
is Imax, = FRC,/d(1 — T,). Ifa large excess of neutral salt (e.g., potassium chloride) is added to the solution, 
the acid concentration remaining unchanged, then hydrogen ions will be supplied to the electrode by diffusion 
only, since practically the whole of the current is carried by the ions of the neutral salt. . In this case J, = 
FRC,/d. Neglecting activity coefficients, Agar and Bowden arrive at expressions for n, for the two cases : 


(2) without neutral salt, y, = 2(1 — T+)(RT/F) In (1 — I/Imex) 
(6) with excess neutral salt, y, = (RT/F) In (1 — I/Imex) 


These expressions show that », should increase slowly with J until J approaches J,,.,, whereupon 7, should 
change very rapidly. In Fig. 1 the broken line is the theoretical polarisation [excess neutral salt, equation (b)] 
for Imax, = 0-3 amp. cm.~*, and some experimental points for 0-2n-hydrochloric acid + 2n-potassium chloride 
(Imax., determined experimentally, also 0:3 amp. cm.-%) are shown by circles. The theoretical line and the 
experimental points both show the rapid increase of polarisation as the current approaches J,,,,, but the 
observed polarisation does not change quite so rapidly as the calculated. The most important feature, how- 
ever, is the contrast between the theoretical discontinuity at J,,,, and the observed behaviour at higher C.D.’s. 

Several additional points have to be considered when the process involves the evolution of hydrogen gas. 
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First, d was assumed constant but is known to vary very much with the amount of stirring, and since the 
evolution of hydrogen gas has a stirring effect, d should decrease as the C.D. increases. For this reason », 
should change with J less rapidly than as indicated by Agar and Bowden’s equation; this agrees with the 
discrepancy between the theoretical line and experimental points of Fig. 1 for C.D.’s less than J,,,,. Secondly, 
there is the problem of what happens when the limiting current, given by the above expressions, is exceeded. 
Hydrogen ions must then be provided by some mechanism in addition to diffusion and migration, presumably 
by the dissociation of water. Hence it is to be expected that y, should abruptly increase at the critical current 
density J,,,,,, and should reach a value corresponding to an electrode pH (i.e., pH of the solution at the electrode 
surface) in the region in which water itself has a high buffer capacity, i.e., from about pH 12 upwards. The 
experimental points in Fig. 1 corresponding to C.D.’s greater than I,,,, illustrate this effect; the polarisation 
is then limited by the dissociation of water to values of 0-7—0-8 volt, which are of the same order as reversible 
hydrogen electrode potentials for alkaline solutions. If some other reaction capable of supplying hydrogen 
ions can take place at a lower pH, then, above the critical current density, y, may be expected to reach a lower 
value corresponding tothis lower pH. For example, if the solution contains a weak acid of dissociation con- 
stant K in addition to a strong acid, then for low C.D.’s 

the contribution of the weak acid tothe total hydrogen- Fic. 1. 

ion concentration is negligible, but when, as a result of 
concentration polarisation, the pH at the electrode 
approaches pK, hydrogen ions may be supplied by the 
dissociation of the weak acid. When this occurs 7, 
may be expected to remain at a value corresponding to 
a pH in the neighbourhood of pX until at still greater 
C.D.’s hydrogen ions are discharged at a rate faster than 
they can be replaced by the combined migration and 
diffusion of strong acid from the body of the solution 
and the diffusion of weak acid and its subsequent dis- 
sociation, whereupon 7, should again increase. 

A somewhat similar effect may occur in the presence 
of a salt which forms an insoluble hydroxide at a pH 
<12. For example, magnesium hydroxide is -pre- 
cipitated at about pH 10-5; hence, in the presence of 
magnesium salts y, should, above the critical C.D., 
remain for a range of C.D. at a value corresponding to 
an electrode pH of about 10-5. 

The experiments described below were designed to 
examine these effects, and the influence of acid con- 
centration and temperature. Since the apparatus per- 
mitted the observation of the decay of concentration Experimental }i 
polarisation with time after the polarising current is tt 
switched off, this also was measured. ae - 

if eoretica/ 


curve. 
EXPERIMENTAL. Imax.=0°3 


The method consisted of measuring by Hickling and Salt’s 03 04 05. 0-6 
technique the potential of the working cathode against that . ; 2 

of a reversible hydrogen electrode in the ame solution. Current density (amps. per cm:). 
Resistance error is eliminated, and the measured potential Concentration polarisation ; acid in the presence of excess 
(extrapolated to zero time of interruption) is the sum of the neutral salt (0*2N-HCl + 2°0n-KCl). 

hydrogen overvoltage and any concentration polarisation. 

The electrode material, provided it is inert, naturally does not affect concentration polarisation. By the use of electrodes 
of known and reproducible hydrogen overvoltage, this term may be subtracted from the total polarisation, leaving the 
concentration polarisation. Hickling and Salt (loc. cit.) found that tungsten and platinised platinum gave the most 
teproducible overvoltages, particularly the latter, which has the additional advantage of a very small overvoltage, errors 
in which would be practically negligible. These materials (mainly platinised platinum) were used in this work. 

The electrical circuit was closely similar to that of Hickling and Salt,-the main difference being the use of an a.c. 
Mains power supply (a choke input rectifier giving up to 0-3 amp. at 200 volts, shunted by a 72 wr. condenser) in place 
of a 200-volt accumulator; since a suitable accumulator was not available. This arrangement was satisfactory only 
when an interference-suppressing filter was included in the mains input. The periods of interruption of the polarising 
current were measured by the method given by Hickling and Salt; the following periods were used and could be selected 
by a rotary switch: 4-5 x 10-5, 8-0 x 10-5, 1-3 x 10-4, 2-5 x 10-4, 3-8 x 10-4, 1-05 x 10%, 3-0 x 1073, 5-5 x 10°, 
15 x 10-*,and 3-4 x 10-*sec. The polarising current was measured with a Cambridge Unipivot meter and D.C. range 
box, both of which had been calibrated by the makers. The electrode areas were measured with a travelling microscope. 
The platinised platinum electrodes consisted of a short length of platinum wire sealed into soda-glass and platinised by 
the usual method. The tungsten electrode consisted of tungsten wire sealed into Pyrex glass. The reference electrode 
was of platinised pure gold sheet, and was supplied with electrolytic hydrogen which had been passed over reduced copper 
at 600°. The electrolytic cell was in principle identical with that of Hickling and Salt (for overvoltage measurements) 
but ground joints were used in place of bungs or corks, and an extra precaution was taken against diffusion of anolyte 
into catholyte by means of a slow flow of electrolyte through the cell in the opposite direction. In view of the high 
C.D.’s no special exclusion of oxygen was necessary. The whole cell was immersed in a thermostat. ; 

The apparatus was tested by measuring the hydrogen overvoltage of tungsten and platinised platinum in n-hydro- 
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Fic. 5.—Concentration polarisation ; 0-2n-HCl + 0-2n-KCL. 
Fic. 6.—Concentration polarisation ; 0-2n-HCl + 0-05n-KCI. 
Fic. 7.—Concentration polarisation ; (a) 0-05n-HCI at 20°. 
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chloric acid over a current density range 10-* to 1 amp./cm.*; the results agreed with those of Hickling and Salt to 
within 0-01—0-02 v. Then, to confirm the independence of concentration polarisation on electrode material, con- 
centration polarisations were measured with a tungsten electrode of area 0-11 cm.* and with two platinised platinum 
electrodes each of area 0-30 cm.?, in 0-1n-hydrochloric acid at 20°, over a C.D. range of O—1 amp./cm.*. Within the accuracy 
of the measurements, about 0-02—0-03 v., identical values were obtained over the whole range. Practically all the 
remaining measurements were made with platinised platinum electrodes of area about 0-1 cm.?. 

Results.—(1) Acid concentration. Fig. 2 shows the 
variation of concentration polarisation with C.D. for hydro- 
chloric acid from 0-05 to 0-21n. at 20°. With 0-15 and 
0-21n-acid, », is small and increases practically linearly 
with C.D.; with 0-05 and 0-08n-acid the critical C.D. effect 
is well marked and the flattening of the curves at high 
C.D.’s is clearly evident. 

(2) Temperature. Fig. 3 shows the effect of temper- 
ature variation for a constant acid concentration of 0-1N. 
Viscosity decreases as temperature imcreases; hence 4 0-2 N-H,S04+2-0N-Mg S04 
diffusion and migration rates increase with temperature, at 20°, 30°, 40° and 50°. 
and the curves show the expected decrease of y, with 
increasing temperature. It is difficult to relate the effect 
of temperature quantitatively to the known effect on 
viscosity on account of the variation of d, the thickness of 
the diffusion layer, with C.D. owing to the stirring effect 
mentioned above. 

(3) Neutral salts. The effect of the addition of potass- ; it. at 30° 
ium chloride to 0-2nN-hydrochloric acid is shown in Figs. 4, . 0-2N-H2S% without added salt, ; 
5,and 6. Whereas Fig. 2 shows no sign of an abrupt rise 10) : 
of polarisation with 0-21n-hydrochloric acid alone up to 2 ‘a On ee od aa oe he ee ee 
phy 9 high polarisations were observed in nearly all ow ** 03 04 05 06 OT 08 09 2 70 1 
cases when potassium chloride was added. With 0-2n- urrent density (amps. per cm?). 
hydrochloric acid + 2-0n-potassium chloride at 20° the : * eats 
cutical C.D. was 0-29 fg mg corresponding to a an Serene, 
diffusion layer thickness about 0-002 cm., which is a normal value for stirred solutions (stirring in this case is by gas 
evolution). Hence the ratio of critical C.D. with and without excess neutral salt is evidently considerably greater than 6.* 
The theoretical ratio should be 6, i.e., (1 — T,)~1, on the assumption that d remains constant. Since the critical C.D. 
decreases with the addition of neutral salt, the stirring due to gas evolution also decreases; hence d is likely to be greater 
at the critical C.D. in the presence of neutral salt than in the pure acid. This means that the diffusion rate is smaller in 
the presence of neutral salt and the ratio should be greater than (1 — T,)~1, which agrees with these observations. 
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Time decay of concentration polarisation after switching 
off polarising current: 0-1N-HCl at 20° (platinised 
platinum electrode). 


Time decay. 

(a) 0-2n-HCl + 2-0n-KCI, 20°, 0-36 amp. /cm.*. 
(b) 0-1N-HCl, 5°, 0-36 amp. /cm.?. 
(c) 0-05n-HCl + 0-2n-HOAc, 20°, 0-95 amp. /cm.?. 
(d) 0-05n-HCl + 0-2n-HOAc, 20°, 0-6 amp. /cm.?. 
The critical C.D. effect in the presence of 2-0n-potassium chloride is very sharp and points on the steep parts of the 
curves were difficult to obtain. These curves also illustrate the temperature effect. 

_ (4) Dissociation of weak acid. The effect of the addition of 0-2n-acetic acid to 0-05n-hydrochloric acid is shown in 
Fig. 7. The lower parts of the two curves are practically identical; in the presence of\0-05n-hydrochloric acid the dis- 

* The lack of any exact knowledge about the magnitude and variation of d prevents the use in this connexion of 

nown transport-number and diffusion data on solutions containing mixed hydrochloric acid and alkali chlorides [as 
given by Nickels and Allmand (J. Physical Chem., 1937, 41, 873) and Burrage and Allmand (ibid., p. 887)]. 
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sociation of acetic acid is negligible and has no effect until 9, reaches nearly 0-2 volt. At higher C.D.’s the curve flattens 
until at a polarisation possibly corresponding to a condition in which the acetic acid supplies hydrogen ions at a maximum 
rate, there is another rapid increase of polarisation. Fig. 7 is reminiscent of the neutralisation curve of a mixture of 
hydrochloric and acetic acid with a strong base, but was obtained in the absence of all cations except hydrogen ions. 

(5) The effect of insoluble hydroxides. The addition of 2N-magnesium sulphate to 0-2n-sulphuric acid, shown in Fig. 8, 
has two results. First, the neutral-salt effect is shown very well by the steepness of the curves, and secondly, the curves 
become remarkably flat at a polarisation of 0-68—0-70 volt. Normally, above the critical C.D., », reaches 0-8 volt or 
more, but in the present case the polarisation is probably limited by the buffering effect of the formation of magnesium 
hydroxide. The latter, however, should take place at a pH of about 10-5, whereas a polarisation of 0-7 volt indicates, 
by the neutral salt equation (b) above, an electrode pH of about 12. The effect of magnesium is of considerable import- 
ance in connexion with the mechanism of the acid corrosion of magnesium, and this aspect is discussed in another paper. 

(6) The time decay of concentration polarisation. Typical curves are shown in Figs. 9 and 10, in which », is plotted 
against the logarithm of the time which elapsed after the polarising current had been switched off. Hickling and Salt 
(loc. cit.) found that at a platinised platinum electrode the overvoltage decays very slowly with time, the decay being 
negligible within the time intervals of Figs. 9 and 10. When the degree of polarisation is fairly small, i.¢., below about 
0-3 volt, the ,-log ¢ curves are straight during the first part of the decay period and then approach the time axis asympto- 
tically (n, obviously becomes zero as the time becomes large). For large C.D.’s, low acid concentrations, or low temper- 
atures such that the polarisations are large, the 7,-log ¢ curves are different; until about 3 millisec. after the polarising 
current is switched off the polarisation decreases comparatively slowly, and after about 3 millisec. it falls abruptly, 
reaching zero at about 0-03 sec. Unfortunately, as the initial conditions obtaining at the instant the current is switched 
off are unknown, the time decay cannot be calculated by Fick’s diffusion equation. 


DIscussION. 


The polarisations observed in the presence of excess of neutral salt (Figs. 4 and 8) may be interpreted in 
terms of the large buffer capacity of water ata high pH. AtC.D.’s above the critical J,,,,, which is the greatest 
rate at which hydrogen ions can reach the electrode-by diffusion, the pH of the solution in the immediate 
vicinity of the electrode rises to the alkaline region where water has a high buffer capacity. The presence of 
excess of neutral salt may well prevent any appreciable liquid junction potential, and the electrode pH is 
probably related to the polarisation by Agar and Bowden’s simple equation yn, = (RT/F) In C,/C,. The higher 
polarisations observed in the presence of potassium chloride thus correspond to electrode pH values in the 
region 13 upwards, but at C.D.’s considerably in excess of the critical, still higher polarisations are found and 
it is possible that the potential then contains some additional term. The alkalinity at the electrode above the 
critical C.D. is strongly indicated by the polarisations observed in the presence of magnesium sulphate (Fig. 8); 
in this case the sharp limitation at 0-7 volt is very striking and is almost certainly connected with the buffering 
effect of magnesium salts at pH 10—11. 

Polarisation in pure acid solutions presents a more difficult problem. For a given acid concentration the 
critical C.D. is very much higher than in the presence of neutral salt; this is, of course, due to the replacement 
of hydrogen ions at the electrode by migration in addition to diffusion, as pointed out by Agar and Bowden 
(loc. cit.). However, polarisations of the order of 0-8 volt have been observed which by equation (a) (no neutral 
salt) correspond to an impossible electrode pH of about 40. In the absence of any positive ions other than 
hydrogen ions, the electrode pH cannot rise above 7, otherwise there would be more negative than positive 
ions in the electrolyte near the cathode. It is possible that a new type of diffuse double layer is set up in these 
circumstances. Up to the critical C.D. the polarisation effects in pure acids are relatively simple, the discharge 
rate being balanced by migration and diffusion. At or about the critical C.D. hydrogen ions are removed so 
rapidly that in the layers of electrolyte next to the cathode a small degree of electrical unbalance is brought 
about by a deficit of positive ions and therefore a slight excess of negative ions. This state of affairs would 
result in a considerable potential between the highly disturbed and unbalanced layer and the body of the 
solution, the layer being negative and hence facilitating the movement of hydrogen ions towards the electrode 
to the extent required by the C.D. It is suggested that the pH at the cathode never rises above the weakly 
acid region, otherwise resistance would become excessive, and that the greater part of the observed polarisation 
is due to a diffuse double layer potential set up by the slight electrical unbalance in the immediate vicinity of 
the electrode and not to any large pH change at the electrode. This effect resembles in principle the ion- 
atmosphere distortion effect in Debye’s conductivity theory; but since this double layer potential is likely to 
extend over the normal thickness of diffusion layers (i.¢., about 10-? cm.) instead of the normal radius of an 
ion atmosphere (about 10-? cm.) the time of relaxation is likely to be correspondingly greater than the usual 
“‘ Debye ’’, relaxation time of about 10-8 sec. The time decay curves (Fig. 9) show that the potential disappears 
completely about 10 sec. after the polarising current is switched off. The calculation of the relaxation process 
is difficult since the initial (steady) state is not defined; both diffusion and migration may contribute to the 
relaxation of the double layer. The normal ion atmosphere relaxation is complete in a time much shorter than 
the shortest period of interruption of the present measurements, and -the curves of Fig. 9 represent, on the 
present theory, the process of relaxation of the diffuse double layer, which is a special type of ion atmosphere 
relaxation. 


The author is indebted to the Magnesium Metal Corporation Limited for permission to publish this paper, to Mr. A. 
Brandt, Superintendent, Metal Research Section, and to Dr. A. G. C. Gwyer for their interest and advice, and to Mr. 
R. P. Bell, Dr. J. A. V. Butler, Dr. F. W. Salt, and Mr. K. W. Sykes for helpful discussion. 
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NOTES. 


An Improved Glass Electrode Cell Assembly. By G. E. Coates. 


HE apparatus shown in the figure has been designed for the measurement of pH to + 0-01 unit with the minimum 
trouble. Numerous glass electrode cells have been devised but most of them have disadvantages in that unsatisfactory 
iquid junctions are formed and they are frequently difficult to use in a thermostat. Dole (‘‘ The Glass Electrode,”’ 

iley, 1941, pp. 111—113), in a detailed discussion ofliquid junctions, recommends ‘‘ that wherever and whenever 
possible, the liquid junction be formed in a definite, cylindrically symmetrical way,” and points out that fluctuations in 
iquid-junction potentials of this type would be less than 0-01 pH unit. Junctions formed in ground joints are particularly 
riticised. For accurate pH measurement, temperature control is essential, but it is very inconvenient, particu larly when 
many determinations are to be made, to remove the cell from the thermostat repeatedly for cleaning and refilling. The 
ppparatus to be described involves a cylindrically symmetrical liquid junction and can be cleaned and refilled rapidly and 
without being taken out of the thermostat; it has proved extremely convenient and reliable over a long period of use. 

























































































e three-way tap (broken line in figure) an 

«d). The three-way tap is then turned through 180° 
ue solution the pH of which is to be measured; the re 
The inset shows the compact arrangement of the ce It is recommended that a.c. apparatus 
onnected with the thermostat (e.g., stirrer and therm mnected during the few seconds required 
LL 
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for the potential measurements; with this precaution water may be used as thermostat liquid. The three-way ta Sche 
should be of good quality and lubricated with a good grease such as Apiezon L or N (the latter for use at 25°). n d 
an 
Acknowledgments are mzide to the Directors of the Magnesium Metal Corporation Limited for permission to publish of a 
this note.—MaGNEsiuM Merat CorPORATION, SWANSEA. [Received, May 2nd, 1945.] quin 
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Some Derivatives of Eugenol and cis- and trans-isoEugenol. By T. F. West. 1 


Tue probable structure of the pyrethrolone side chain and the insecticidal properties reported for allyl phenols (Ha “P 
and Arthur, Contr. Boyce Thompson Inst. 1943, 18, 79) led to an examination of the toxicity to house flies of solutiong™ * 1“ 
of corresponding derivatives of eugenol and isoeugenol (West, Nature, 1944, 154, 488). Ethers of cis-isoeugenol possesse; stud 
a toxicity comparable with that of the corresponding eugenol derivatives whereas the tvans-forms were noticeably les@™ (Coo 
toxic. The cis-derivatives are more soluble in organic solvents than the trans-compounds and it seems possible thai 1932 
their greater toxicity may be due to their greater lipoid solubility permitting more effective penetration across th¢ Alex 
insect epicuticle (Lauger, Miiller, and Martin, Helv. Chim. Acta, 1944, 27, 892). On the other hand, certain of the tran: “~~ 
forms of the isoeugenol ethers display a more lasting repellent action, and a comparison of the repellent properties of 4 
these compounds against A édes aegypti will be reported by Sir R. Christophers, F.R.S., in another place. are | 

The constants of the new compounds prepared are given below. The O-alkyl derivatives were prepared by th halo; 
usual method from the appropriate alkyl halide and the potassium salt of the phenol in aqueous alcohol or water (West air 
J. Soc. Chem. Ind., 1940, 59, 275). The phenolic ether was extracted with light petroleum and purified by distillation 
or crystallisation. The tvans-isoeugenol used was regenerated from the trans-acetate (m. p. 79°) and had m. p. 32—3¢4° Ber., 
b. p. 99—100°/0-5 mm., n}”* 1-5782; benzoate, m. p. 104—105° (Found: OMe, 11-1. Calc. for C,,H,,0,: OMe, 11-6%) J some 
The cis-isoeugenol was regenerated from technical non-crystalline cis-acetate (Junge, Chem. Abstr., 1933, 27, 4530/— quin 
and had b. p. 80—81°/0-5 mm., n?®* 1-5686; benzoate, m. p. 65—66° (cf. Boedecker and Volk, Ber., 1931, 64, 61; Junge 











loc. cit.) (Found: OMe, 11-2%). The m. p. was depressed to 47° (indef.) on admixture with eugenol benzoate, m. p a 
68—70°. 
Found, %. I 
O-Alky] deriv. M. p. B. p./1—2 mm: nr . c. H. quin 
IEEE © sicinns tgasverdedtndeceseyedece ¢isecs 142—143° 1-5345 76-1 8-6) | solut 
Allyl-cis-isoeugenol ........0000200c0ececceccccece 124—126 1-5553 77-0 8-6 (depe 
Allyl-trans-isoeugenol — ....scssecesessceeneeees 130—132 1-5670 75-6 8-0) emp! 
N-Propyl-cis-isoeugenol 1... .6eceeeeeceeceeens 117—118 1-5440 75-5 8-6) * troni 
n-Propyl-trans-isoeugenol ........0.00eeeeee eee 122—124 — 76-1 8-85 sali 
isoPropyl-cis-isoeugenol ........+.2000+eee eee eee — 112—113 1-5424 74:8 88)? Bor 
isoPropyl-trans-isoeugenol — 2... sseceeseeees 117—118 1-5485 74-9 8-95 ore 
N-Butyl-cis-isoeugenol 1. se seeseeseesesececes ao 125—126 1-5373 76-0 9-0) * B 
n-Butyl-trans-isoeugenol .........00eeeee0e002 — 26-—28 130—131 -- 76-1 8-95 bend 
n-Amyl-cis-isoeugenol .....ssseseeseeeseceeeee mae 135—140 1-5336 77-1 97,5 Bea 
n-Amyl-trans-isoewgenol — .......4ecee cesses ees — 152—155 1-5404 76-5 9-05 age 
ee ae 146—147 1-5435 69-1 7-7) 5 fj band 
Glycol-cis-isoeugena] 22.2... cee cesses ccscceces — 161—163 1-5654 69-3 7:8 varla 
Glycol-trans-isoeugenol ....ccccecceeceseecseeee  91—92 —- — 69-6 7:5 
1 C13H,,0, requires C, 76-5; H, 7-8%. * C,3;H,,0, requires C, 75-7; H, 8-7%. ® C,4H,90, requires C, 76-4 
H, 9:1%. -* 4 C,,H,,O, requires C, 76-9: H, 9-4%. -* § C..H,,0, requires C, 69-2; H, 7-7%. 
Benzyl-cis-isoeugenol had m. p. 32—34° (Found: OMe, 12-2. C,,H,,0O, requires OMe, 12-2%). Benzyl-trans-iso 
eugenol had m. p. 59—60° after repeated recrystallisation from ethyl alcohol (Found: OMe, 11-9%). Benzyleugen 
had m. p. 30—31° after recrystallisation from methyl alcohol (Found : OMe, 12-0%); mixed with cis-benzylisoeugeno 
the m. p. was 27—-30° (indeft).. By the action of thionyl chloride, eugenol glycol ether gave the w-chloro-compound 
b. p. 187—142°/2 mm., n?* 1-5410 (Found: Cl, 15-8. C,,H,,0,Cl requires Cl, 15-7%). It was not possible to prepa' 
corresponding derivatives from cis- and trans-isoeugenol with thionyl chloride under various conditions (cf. Huds 
and Robinson, J., 1941, 715), but the évams-isomer gave a low yield of a crystalline product, m. p. 99—100° after recrystal 
lisation from light petroleum (Found: Cl, 24-5%), which was not identified. 
I am indebted to the Directors of Messrs. Stafford Allen and Sons Ltd. for facilities —STaFFOoRD ALLEN & Sons LtD 
Lonpon, N.1. (Received, April 26th, 1945.] 
127. Studies in Light Absorption. Part I. p-Benzoquinones. 
By Ernest A, BRAUDE. 

The selective visible and ultra-violet light absorption of p-benzoquinone in several solvents and of 26 alky! “ 
methoxy-, halogeno-, and amino-substituted p-benzoquinones in m-hexane and in chloroform are recorded and 
discussed. _ 

° of the 


ALTHOUGH the visible and the ultra-violet light absorption of p-benzoquinone and its simple substitutiog§9 314 
derivatives have been studied (Dobbie, Lauder, and Walker, Brit. Assoc. Rep., 1903, 126; Baly and Stewar@@out » 
J., 1906, 89, 502, 618; Hartley and Leonard, J., 1909, 95, 34; Hartley, ibid., p. 54; Hantzsch and Heit high]; 
Ber., 1915, 48, 167; 1919, 52, 493; Lifschitz et al., Ber., 1915, 48, 1730; 1916, 49, 2050; Rec. Trav. chim TI 
1924, 43, 269, 403, 654; Purvis, J., 1923, 128, 1841; Marchlewski and Moroz, Bull. Soc. chim., 1924, 35, 479 comp] 
Seshan, Proc. Indian Acad. Sci., 1936, 8, 172), yet only few extensive or accurate data are available for ti meth) 
solution spectra (Klingstedt, Compt. rend., 1923, 176, 1550; Light, Z. physikal. Chem., 1926, 122, A, 4)4ffof sol 
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Scheibe, Ber., 1926, 59, 2617; Anderson, J. Amer. Chem. Soc., 1933, 55, 2094) and these relate to benzoquinone 
and alkylbenzoquinones only. Brull and Griffi’s data (Gazzetta, 1939, 69, 28) for the visible-light absorption 
of a number of substituted benzoquinones would appear to be wholly inerror. Naphthaquinones and anthra- 
quinones have been covered more fully (Macbeth and Winzer, J., 1939, 878; Morton and Earlam, J., 1941, 
154; Doisy, Binkley, and Thayer, Chem. Rev., 1941, 28, 477). 

The fundamental theoretical interest attaching to the quinone chromophore as intermediate between 
aliphatic and benzenoid systems and as the basic structure of many dyes, and the empirical value of light- 
absorption data for purposes of identification and quantitative estimation, appeared to warrant a detailed 
study, particularly in view of the increasing recognition of the biochemical importance of p-benzoquinones 
(Cooper et al., J. Soc. Chem. Ind., 1924, 48, 352; 1927, 46, 59; Biochem. J., 1928, 22, 317; Gulland, ibid., 
1932, 26, 32; Oxford and Raistrick, Chem. and Ind., 1942, 61, 128; Oxford, Biochem. J., 1942, 36, 438; 
Alexander and Barton, ibid., 1943, 37, 463). - 

Apart from the inaccuracy of the experimental methods available at the time, most of the earlier studies 
are invalidated by the use of hydroxylic solvents. Solutions of p-benzoquinone itself and of alkyl- and 
halogen-substituted benzoquinones in water, alcohols, and ethers are unstable, especially to light, forming 
mainly quinols and so-called anilic acids (Ciamician and Silber, Ber., 1901, 34, 1531; Hartley, loc. cit.; Scheibe, 





Part I. p-Benzoquinones. 491 





















~ 34°44 Ber., 1926, 59, 2617). The instability increases with increasing substitution, ethyl-alcoholic solutions of 
6%) fm some polyhalogenoquinones undergoing change in visible colour within a few minutes of dissolution. Alkyl- 
4530 quinones react more slowly than halogenoquinones, the time of half-change of toluquinone in daylight at room 





temperature being of the order of one day, whereas with benzoquinone the reaction takes several weeks. In 
methyl alcohol, on the other hand, optical change can be detected within a few minutes. 

The light-absorption properties of p-benzoquinone in a number of solvents and of 26 substituted benzo- 
quinones in m-hexane and in chloroform solutions have been measured in the range 2100—6000 a. These 
solutions were in all cases optically stable for at least 24 hours. Fine-structure narrower than ca. 20—50 a. 
(depending on the wave-length region and the height of the subsidiary bands) was not detectable by the method 
employed, but this is no disadvantage, for interest is focused on the assignment of ‘‘ band-envelopes ’’ to elec- 
tronic transitions rather than on vibrational analysis. Except with the higher members of the monoalkyl 
series, the differences in the extinction curves of isomers or homologues are always sufficiently great for identific- 
ation purposes. Beer’s law was invariably obeyed within the experimental error (+ 2% in e) and the range 
of concentrations (0-01—1% w/v) employed. 

Benzoquinone itself shows three bands : a high-intensity band near 2450 a. (¢ ~25,000), a medium-intensity 
band near 2850 a. (« ~500), and a resolved low-intensity band near 4350 a. (ec ~20) (these three bands are sub- 
sequently referred to as A, B, and C) (Table I). The order of solvents in which the wave-length position of the 
band maxima increases is different for the three bands. The intensities similarly show small, apparently random 
variations. It is clear that there is no simple relationship between band position, extinction coefficient, and 



















16-4 TABLE I, 


Light absorption of p-benzoquinone in various solvents. 
ns-180 
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) a © Cons. Awaz. A. 7 Aunz., A. Smez.° 

n-Hexane 2420 24,300 2810 400 4340 19-8 
4570 19-6 

4790 12-0 

cycloHexane 2420 17,900 2850 420 4350 20-8 
4570 22-3 

4730 12-8 

Chloroform 2450 23,200 2810 470 4370 21-6 
2910 470 4510 21-6 

Ethyl ether 2410 18,700 No band 4320 18-3 
4540 18-3 

Dioxan 2415 16,000 No band 4350 20-8 
2440 15,700 4480 20-4 

Ethyl alcohol 2420 17,700 2960 . 425 4350 19-2 
Water 2470 21,500 2920 330 4360 20-4 
lm-HCl 2450 22,700 2910 315 4380 22-8 











2490 21,800 





fine-structure resolution on the one hand, and dielectric constant, dipole moment, or other physical property 
of the solvent on the other (cf. Scheibe and Fromel, ‘“‘ Hand- und Jahrbuch der Chemischen Physik,”’ 1936, 
9,314). It is notable, however, that band B, which in the case of benzoquinone is of the nature of a “‘ step- 
out’ rather than a pronounced maximum, disappears almost completely in ethyl ether and in dioxan, both 
highly solvating solvents. 

The data for the substituted benzoquinones are given in Table II and Figs. 1, 2, and 3, and the rather 
tomplex substitution effects are summarised in Table III. The variation in the intensity of band B in the 
methyl, chloro- and bromo-series, which is of particular interest, is represented graphically in Fig. 4. Change 
of solvent from hexane to chloroform has little effect on the intensity and fine structure resolution, and on the 
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TABLE II. 
Light absorption of substituted p-benzoquinones. 
Solvent a n-hexane. Solvent : chloroform. 


B. . A ; Cc. 


A. 








~ 








4 “ s ¢ ae 

Substituents, op Ae &max.. Amax., A. - oy Ae a A. .» A. €max.. Amax., A. Ey 
I. Me 23,400 3080 ‘ 740 4360 28-5 
ms 4500 27-0 


Et 23,500 3070 . 890 4370 34-0 
‘ 4720 24-1 


n-C,,H,, 17,300, 3070 Not determined 865 Not determined 
16,900 3165 865 


n-CiHey 18,200 3070 4390 40-6 1020 4360 52:3 
17,600 1020 4780 35-8 

n-CicHes 20,800 3080 4350 43-0 895 4340 51-0 
19,600 895 


n-C,,Hs, 22,700 3090 Not determined 815 Not determined 
20,200 3160 870 


2 : 3-di-Me 20,800 3030 4330 21-4 Not determined 
19,700 3080 


2 : 6-di-Me * 14,000 3030 4240 Not determined 


2 : 5-di-Me 22,200 3050 4370 3060 310 29-8 
21,100 


2-Me-5-PrB 20,800 3070 4380 . 3160 290 4380 29-8 
20,200 


Tri-Me 19,800 3270 4350 . 3380 415 4340 41-0 
19,400 


Tetra-Me 21,000 3305 4320 . 3390 240 4350 32-6 
20,500 

5-MeO-2-Me 18,900 3480 No band 3600 725 No band 

2 : 6-di-MeO Insoluble i 

Cl 19,100 3150 No band 815 -~4150 27:3 

2 : 6-di-Cl 20,000 3270 635 No band 

2: 5-di-Cl 22,100 3270 295 


Tri-Cl 16,000 3560 510 
17,000 


Tetra-Cl 20,500 3620 280 
26,200 


Br 12,400 3290 ~4400 25-6 


2 : 6-di-Br 12,200 3520 No band 
12,900 


2 : 5-di-Br 12,300 3280 
12,100 3370 


Tri-Br 10,800 3750 
Tetra-Br 15,700 3780 


2 : 5-di-NMe, 26,800 4800 


2 : 5-di-NHPh Insoluble 
* Light, loc. cit. 


TABLE III. 


Substituent effects in the visible and ultra-violet light absorption of p-benzoquinones. 
(mn = Number of substituents; BQ = -benzoquinone; AA in a.) 
Substituent. 
Absorption 
band. 


Alkyl. Chloro. Bromo. Methoxy. Amino. 
fAmax. +AA=~50xn. Fine +AA= ~100, 300, 400, +AA= ~100, 400, 550, +AA= 100, 400 for n = 
structure increases with 500 for nm = 1, 2, 3, 4. 650 for nm = 1, 2, 3, 4. 1, 2. 


Small irregular variation Halved for »=1, then —Ae = ~4000 x n. 
with n. slightly increases with 
alkyl group. n. 
+AA = 300 form = 1,2; +AA= ~350, 450, 750, +AA = ~500, 600, 950, +AA = ~500 for n= 1, 
+AA = 500 for n = 3, 800 for n = 1, 2, 3, 4. 1000 for n = 1, 2, 3, 4. 2. 
4. Fine structure in- 


creased. 

Varies with n (Fig. 4). Varies with m (Fig. 4). Varies with n (Fig. 4). Unchanged in 5-MeO- 
2Me-BQ. Four-fold in- 
crease in 2: 6-di-MeO- 
BQ. 


Unchanged. Fine struc- No band, except form= Nobandexceptform=1. No band. 
ture decreases with n 1, 
and size of alkyl group. 
Slightly increased by —_ — 
methyl groups; doubled 
by long-chain alkyl 
groups. 
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location of band C, but it increases the wave-length positions of band A by 30—60 a., and of band B by 100— 
200 A. 


DISCUssION. 
In discussing the selective light absorption due to a comparatively complex system such as p-benzoquinone, 
it is customary to attempt an assignment of the various electronic bands to the simpler constituent systems, 
or partial chromophores. Such attempts are based on the assumption that some or all of the partial chromo- 


Fic. 1. 
Light absorption in n-hexane solution. 
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phores are maintained as individual systems in the complex molecule, without being radically altered by 
iiteraction with the other systems present; or, if interaction does occur, that the bands characteristic of the 
partial chromophores are to some extent preserved in the presence of bands due to the more complex whole. 
Conversely, the degree of modification of the bands expected for the partial chromophores is regarded as an 
Indication of the extent of electronic interaction. Apart from the values Of Amax and ¢n,, (or of the curve 
area fear), a particular absorption band can often be related to an individual chromophore by the dependence 
of Imax, ANd Emax On the solvent and on non-absorbing substituents. Such correlations are purely empirical 
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and do not depend on the precise theoretical interpretation of the light-absorbing properties of the individual 
chromophores. 


The recognition of the fact that certain types of molecule are not satisfactorily represented by any one 


conventional structural formula, but that two or more “ resonance ”’ structures, differing in the distribution 


of the electron pairs about the atomic nuclei, make a contribution to the normal state of the molecule, neces- 
sitates the recognition of additional chromophore possibilities. 


Bands due to chromophores present in any 


Fic. 2. 
Light abserption in chloroform solution. 
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of the chief resonance forms may appear, but in addition, bands may arise from transitions between the “ hybrid” 
ground state and the resonance forms. 


chemical grounds, which indicate that (I) predominates. i r 
eliminated, however, by Robertson’s X-ray diffraction study (Proc. Roy. Soc., 1935, A, 150, 106). lis res 
is supported by dipole-moment measurements (Hammick, Hampson, and Jenkins, J., 1938, 1277; Coop and 
Sutton, J., 1938, 1269); the evidence from magnetic moments is somewhat ambiguous (Mikhail and Baddar, 
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Light absorption of { 


in chloroform solution. 
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J., 1944, 590), but appears to indicate contributions from polar structures. The empirical resonance energy 
is 13 kg.-cals./mol. (Pauling and Sherman, J. Chem. Physics, 1933, 1, 606). 


f + 
GO ‘ WAN Y 
(| | 2 C) 
\ \ \ 
+ 


I t x 3 


+ 


(I.) (II.) (III.) (IV.) (V.) 
The partial chromophores of the resonance structures (I), (III), (IV), and (V) most likely to give rise to 
Q f : 
oy 4 
Cc Cc C 
\e% 
O 


(a.) (b.) _ &) (d.) 


selective absorption in the 2100—6000 a. region can be represented by (a)—(f). The light absorption in 
alcoholic solution of typical compounds containing these systems is as follows : 


Type. Compound. ey Cuons Type. Compound. Amen, A ae 
(a) Phorone 2590 (d) 1: 4-cycloHexanedione 2820 30! 


3750 (e) At*4-cycloHexadiene No high-intensity ab- 
(6) Diacetylethylene 2260 sorption >A = 21005 


3380 (f)  Quinol 2250 4400 ° 
(c)  Ethylideneacetone 2240 2950 2400 


3135 


1 Scheibe, Ber., 1925, 58, 587. 2 Unpublished. 3’ Evans and Gillam, J., 1941, 815. 4 Unpublished. 
5 Measurements on 6-hydroxy-3 : 3 : 6-trimethylcyclohexadiene in ethereal solution, quoted by Dimroth, Angew. 
Chem., 1939, 52, 545. * Klingstedt, Compt. rend., 1922, 175, 365. 


On a purely numerical basis, band A (Amz ca. 2500 a.) is intermediate between the high-intensity bands 
of (a), (6) and (c), and band B (Amax, ca. 3000 A.) is intermediate between the benzenoid band of (f) and 
the low-intensity bands of (c) and (d), while a band similar to band C (Amgx, ca. 4400 a.) is not shown 
by any of the formal constituent systems. An almost identical band is shown, however, by a-diketones, 
e.g., diacetyl. The last two relationships were appreciated by the early investigators (Hartley and Leonard, 
loc. cit.; Stewart and Baly, loc. cit.) and generally accepted by later workers. Lifschitz (loc. cit.), on the other 
hand, considered that bands A and C originate in electrons belonging to carbon atoms, and band B in electrons 
belonging to oxygen atoms, and that the light absorption of quinones resembles that of “‘ crossed ’’ rather than 
“ straight ’’ conjugated systems (e.g., phorone). The three bands will be discussed in turn. 

Band A shows wave-length position, intensity, and solvent and substituent effects very similar to the K 


aie ‘ | ; . ; 
(high-intensity) band of «$-unsaturated ketones, CHR,:CR,°C:O. Table IV gives a formal comparison of 
substituent effects in the two systems (the quinone system is taken as the sum of two a$-unsaturated keton¢ 


TABLE IV. 


Ry R, 
—o/ Substituents None > 2 x Me 4 x Me 4 x Br 2 x NMe, 2 x NHPh 
_ Amax. A band, ca. 2400 2500 2650° 3100 2200 3500 2650 3900 
~~ Ri 
R 


Ry mi a Substituents None 1 x Me 2 x Me 2 x Br 1 x NMe, 1 x NHPh | 
H =o Amax., K band, ca. 21501 2250 1 2400 } 2600 2 2200 31002 2300 3400 
AA 250 250 250 500 0 400 350 500 

* Evans and Gillam, J., 1941, 815. 2 Unpublished data obtained in these laboratories. 


systems for this purpose, so that two substituents in the former correspond to one in the latter). The A band 
are displaced to higher wave-lengths with respect to the corresponding K bands of «f-unsaturated ketones b 
250—500 a., and this displacement may be regarded as due to interaction between the two “ half-systems ” ° 
the quinone molecule. It is interesting that the high-intensity bands at shorter wave-lengths which app@ 
on introduction of dimethylamino- and anilino-groups are also observed in aliphatic systems; these addition 
bands may be ascribed to the partial —C:C-NR, chromophore (forthcoming publication). 

Band B is the most susceptible to changes of solvent and substituents. It takes the form of a “‘ step-out 
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rather than a distinct maximum, and evidently arises from the superposition of a discrete maximum of lower 
intensity on the continuous absorption due to the falling branch of the high-intensity band A. In p-benzo- 
quinone itself band B is very similar in position and intensity to that exhibited by quinol, and this similarity 
is confirmed by vibrational analysis of the vapour spectra (Seshan, Joc. cit.). Data are not, however, available 
to establish whether the very marked solvent and substituent effects exhibited by band B are also shown by 
the corresponding quinols. 

If the assignment of band A ag corresponding to the K band of «$-unsaturated ketones is correct, and 
possesses more than formal significance, then the low-intensity R band of the latter should also be exhibited by 
the quinone system. It would be masked, however, by the more intense band due to the partial chromophore (/) 
falling in the same wave-length region. The alternative possibility, viz., that band B is itself an intensified 
R band, can certainly be discounted since the wave-length position of the latter is displaced in the opposite 
sense by different solvents and is almost independent of substituents. Also, there is no relationship between 
the very pronounced variations in intensity of the B band and the oxidation—reduction potentials (La Mer and 
Baker, J. Amer. Chem. Soc., 1922, 44, 1954; Conant and Fieser, ibid., 1923, 45, 2194) of the quinones. It 
may be possible, however, that these variations are due to the varying small contributions of the benzenoid 
resonance form (e) to the ground states of the various quinones. 

Band C is almost identical both in shape and in vibrational fine structure with the long wave-length band 
of diacetyl and other «-diketones (Baly and Stewart, loc. cit.; Lardy, Compt. rend., 1923, 176, 1548; Klingstedt, 
loc. cit.; Lowry and Simpson, J., 1936, 1156). The origin of this band is not clearly understood ; steric juxta- 
position of the two carbonyl groups is not sufficient for its appearance since it is not shown by 1 : 4-cyclo- 
hexanedione or by diacetylethylene. The fact that band C originates in the carbonyl groups is confirmed by 
the observation (Hunter and Northey, J. Physical Chem., 1933, 37, 875) that the change in visible light absorption 
of quinones due to molecular compound formation increases regularly with increasing oxidation—reduction 
potential of the quinone. If band C is due to the partial chromophore (c), the retention of vibrational fine 
structure almost identical with that shown by «-diketones is not easily understood. It might be thought that 
band C originates in an a-diketone system simulated by orientation of the quinone molecules leading to super- 
imposed rings and adjacent carbonyl groups, but both X-ray diffraction and magnetic susceptibility measure- 
ments (Robertson, Joc. cit.; Mikhail and Baddar, loc. cit.) provide evidence against such orientation. Band C 
is hardly affected by alkyl substituents, but the long-chain alkyl quinones are almost colourless in the solid 
state, whereas in solution band C is intensified as compared with that in benzoquinone. When the number 
of halogen substituents exceeds one, band C disappears, possibly owing to interaction between the substituents 
and the carbonyl oxygen (cf. Hodgson, J. Soc. Dyers Col., 1944, 60, 65). The visible colour is maintained 


nevertheless in the more highly substituted quinones through the general absorption and because band B moves 
into the visible region. 


EXPERIMENTAL. 


_ Materials—None of the compounds investigated is new. The highest degree of purity was essential, particularly 
in view of the strong absorption of the common impurities, such as quinhydrones, and the low intensities of the long 
wave-length bands. Hydroxylic solvents, though widely used, are unsuitable for the recrystallisation of quinones for 
the reasons already cited. Light petroleum (b. p. 40—60° or 60—80°) was invariably employed. Purification was also 
efected by sublimation in a high vacuum, but this often resulted in loss of material through the formation of dark, 
intractable residues. References to the methods of preparation and the m. p.’s given in the literature, preceded by the 
m. p.’s (sealed tube, uncorr.) found, are given below. 

_ (I) 113° (Underwood and Walsh, Org. Synth., 1932, 14, 73, give 113°); (II) 67° (Nietzki, Annalen, 1882, 215, 125, 
gives 67°); (III) 38° (prepared by the method of Cook, Heilbron, and Lewis, J., 1942, 659; Bayrac, Ann. Chim., 1897, 
10, 18, gives 38°); (IV) 70° (Cook, Heilbron, and Lewis, loc. cit., give 72°); (V) 77-5° (idem, ibid., give 77-5°); (VI) 
83° (idem, ibid., give 83°); (VII) 76° (idem, ibid., give 76°); (VIII) 55° (Noelting and Forel, Ber., 1885, 18, 2668, give 
55°); (IX) 121° (Noelting and Baumann, ibid., 1885, 18, 1151, give 123°); (X) 45° (Kremers, Hixon, and Wakeman, 
Org. Synth., 1926, 6, 92, give 45-5°); (XI) 72° (Noelting and Baumann, Joc. cit., give 72°); (XII) 30° (Nietzki and 
Schneider, Ber., 1894, 27; 1429, give 32°); (XIII) 111° (Smith, Org. Synth., 1930, 10, 40, gives 110°); (XIV) 158° 
(Ashley, J., 1937, 1471, gives 173°); (XV) 236° (Graebe and Hess, Annalen, 1905, 840, 232, give 255°, corr.); (XVI) 
52° ‘ee | and Schultz, ibid., 1881, 210, 133, give 57°); (XVII) 159° (idem, ibid., give 159°); (XVIII) 118° (Faust, ibid., 
1869, 149, 149, gives 120°) ; (XIX) 162° (von Knapp and Schultz, ibid., 1881, 210, 164, give 165°) ; (XX) 286° (Graebe, ibid., 
1891, 268, 16, gives 283—290°); (XXI) 56° (Sarauw, ibid., 1881, 209, 93, gives 56°); (XXII) 191° (idem, ibid., gives 
187°) ; (XXIII) 130° (Levy and Schultz, loc. cit., give 131°); (XXIV) 155° (Sarauw, Joc. cit., gives 147°); (XXV) 296° 
(Ling, J., 1892, 61, 558, gives 300°); (XXVI) 174° (Mylius, Ber., 1885, 18, 463, gives 173°); (XX VII) 343° (Willstatter 
and Majima, Ber., 1910, 48, 2558, give 345°). : 

The large discrepancies in m. p.’s cited in the literature have already been commented upon by Conant and Fieser 
(loc. cit.). Colour is often as good a criterion of purity as m. p. in this series. 

Light-absorption Measurements.—These were carried out by standard methods using a Hilger E 498 quartz spectro- 
graph fitted with a Spekker photometer and a 15,000-volt tungsten-steel spark as light source. Quinone solutions were 
kept in the dark, and exposures taken within half an hour of dissolution, cells 0-01—10 cm. long being used. ¢ is the 
molecular extinction coefficient defined by ¢ = (log,9/,/J)/cl, where I, and I = intensity of incident and of transmitted 
light, respectively, c = concentration in mols. /l., and / = cell thickness in cm. 


The author thanks Professor I. M. Heilbron, D.S.O., F.R.S., and Dr. E. R. H. Jones for their help and encouragement, 
and Dr. D. H. R. Barton for his collaboration in part of the preparative work. 
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128. Studies in Light Absorption. Part II. 2: 4-Dinitrophenylhydrazones. 
By Ernest A. BrauDE and E. R. H. Jongs. 


The visible and the ultra-violet light absorption properties of some fifty dinitrophenylhydrazones have 
been determined in both alcoholic and chloroformic solution. These properties are dependent upon the extent 
of the conjugated unsaturation present in the parent carbonyl compound, and alkyl substitution effects have 
also been observed (see Table II). The classified data provide structurdl evidence useful in degradative 


work and are of considerable theoretical interest in connection with the optical properties of the >C:N- and 
the >NH group. 


EXTENSIVE data are already available regarding the light absorption of several classes of carbonyl derivative, 
particularly the semicarbazones, phenylsemicarbazones, thiosemicarbazones, and oximes (Burawoy, J., 1941, 
20; Evans and Gillam, J., 1943, 565). The derivatives most widely used at present, however, for the charac- 
terisation of carbonyl compounds are the 2 : 4-dinitrophenylhydrazones, first introduced by Brady (Analyst, 
1926, 51, 77). A comprehensive collection of light-absorption data for these compounds appeared desirable 
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A,A. 
1, Acetaldehyde. 2. Crotonaldehyde. 3. 3-Methylsorbaldehyde. 4. Octatrienal, 
O = (C:C),°C-N-NHX., @ = (C:C),°CHO. 
Light absorption of 2 ; 4-dinitrophenylhydrazones in chloroform solution. 


for purely practical purposes, since preliminary studies had shown that the wave-length position of the main 
maximum in the extinction curve varied significantly with the degree of conjugated unsaturation of the parent 
carbonyl compound (Jones, Wilkinson, and Kerlogue, J., 1942, 735). It was subsequently found that the 
correlation between structure and light absorption in this series is much closer than was anticipated, and is of 
considerable theoretical interest with regard to the optical properties of the >C:N- and >NR groups. 

In degradative work leading to aldehydic or ketonic products, it is often possible to isolate sufficient 
quantities of the water-insoluble dinitrophenylhydrazones for spectrographic examination when the isolation 
of the carbonyl compound itself is impracticable. The colour of the crystalline derivative provides a rough 
but not absolutely reliable indication of the degree of unsaturation of the parent compound, usually varying 
from yellow in the case of saturated aldehydes and ketones to dark red in the case of the triply unsaturated 
aldehyde octatrienal. Very much more precise information can now be obtained from a comparison of the 
light-absorption curve with the data given in Table II. F 

Data for the light-absorption maxima of some fifty 2: 4-dinitrophenylhydrazones in the 2200—5000 4. 
range are collected in Table I. As far as possible solutions in both alcohol and chloroform were examined 
within the limitations imposed by solubility and availability of material. With chloroform solutions the 
extinction curves cannot be followed below 2300a. because of the absorption of the solvent. Principal (long 
wave-length) bands are given in heavy type and are summarised in Table II. 
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TABLE I. 
Light absorption of 2 : 4-dinitrophenylhydrazones. 
Solvent : EtOH.T Solvent : CHCI,.f 
Carbonyl compound.* Aun. &- Case, X 20°%. Aaen., A- Emax. X 107%. 
H-CHO (166°) 2250 185 2580 120 
2560 120 2800 80 
3480 3480 230 
Me’CHO (167°) 2280 2570 155 
2560 2790 105 
3600 3600 250 
a Et-CHO (156°) 2280 2520 140 
ie 2560 2800 120 
41, 2780 3610 210 
rac- 3570 
Lyst, Pr®-CHO (107°) 2230 2580 130 
able 2560 3580 220 


3560 
n-C,H,,*CHO (107°) 2280 2560 135 
560 2790 80 

2800 

3560 


COMe, (128°) 2280 
3620 

COMeEt (115°) 2280 
3620 

COMePr* (145°) 2280 
2800 

3620 

COMeBu (n) (108°) 2280 
2810 

3620 

COEt, (155°) 2290 
2780 

3620 





COMe:CH,°CH,°CH:CMe, (125°) 2280 
2560 
2800 


COMe-CH,'CH,°CO,H (205°) 
H-CO*CH,°CO,H (150°) ? 
COMe-CH,*CO,H 4125) ! 


cycloPentanone (146°) 


main 
urent 
- the 
is of 


cycloHexanone (162°) 


cient Menthone (144°) 
ation 
ough 
rying 
rated 
f the 


Ketone (293°) 2 


Sitostanone (209°) * 


14 
100 a. ae 
nined 255 
s the Ph:CH(OH)-COMe (174°) 2280 145 150 


* M. p.’s of dinitrophenylhydrazones given in parentheses. ¢ Principal bands in heavy type. 
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TABLE I (contd.). 
Light absorption of 2: 4-dinitrophenylhydrazones. 
Solvent : EtOH. Solvent : CHC. 
Carbonyl compound. Rees Bi. es OS: ts a 22 X 10 * 
COMe-CO,H (219°) ‘2420 105 2420 120 
2560 105 2560 120 
3550 225 3600 225 
COEt-CO,H (191°) ? 2280 120 2420 125 
2430 125 2520 125 
2520 125 3650 255 
3640 235 
COPr8-CO,H (194°) ! 2280 130 2450 180 
2430 130 2510 180 
2520 130 3660 250 
3660 240 

COMe-COPr* (107°) 2290 135 2560 130 
2560 115 2800 115 
3510 245 3520 260 
COMe-CH,°CH,*COMe (bis) (257°) ‘ome fon 2570 200 

3660 

COMe-COEt (bis) (280°) 2560 

4000 

4400 


CH,:CH-CHO (166°) 2560 


2820 
3670 





CHMe:CH:-CHO (190°) 2560 


CMe,:CH-CHO (179°) 


CHPr:CEt-CHO (123°) 


Citral (-CMe:CH-CHO) (125°) 


Unsaturated aldehyde (-CH:CMe-CHO) (149°) ¢ 


Unsaturated aldehyde (-CH:CMe-CHO) (165°) ¢ 


B-cycloCitral (~CMe:C-CHO) (173°) 


Ph-CHO 





CMe,:CH-COMe (200°) 


a-Ionone (-CH:CH-COMe) (138°) 


Acetyl-A!-cyclohexene (>C:C-COMe) (207°) 





2 : 4-Dinitrophenylhydrazones. 


TaBieE I (contd.). 
Light absorption of 2 : 4-dinitrophenylhydrazones. 


Solvent : EtOH. Solvent : CHCl. 
Carbonyl compound. Dee a ee, OS es a ee, MO. 

A*-Cholestenone (>C:CH-CO-) (233°) ® _— — 2560 215 
2810 160 

2920 115 

3930 295 

A*-Sitostenone (>C:CH*CO-) (247°) # 2590 215 
2820 160 

2920 140 

3950 315 

Stigmastadienone (>C:CH-CO-) (245°) ® 2420 215 
2650 230 

2800 185 

2930 170 

3930 310 

COPhMe (249°) 2560 140 
2800 120 

2900 105 

3800 275 

COPh-CH(OH)Ph (174°) 2580 210 
2800 160 

3910 300 


CHMe:CMe-CH:CH-CHO (194°) § 2420 235 
2600 235 
2800 210 
3080 185 
3920 420 
CMe,:CH-CH,°CH,*CMe:CH-CH:CH-CHO (132°) * 2650 460 
3080 370 
4000 460 
Furfuraldehyde (223°) 2580 180 
2780 120 
3020 105 








w%-Ionone (-CMe:CH-CH:CH-COMe) (140°) 


B-Ionone (~CMe:¢-CH!CH-COMe) (126°) 


Ketone (-CH:¢-C:CH-CO-) (228°) ? 


CMe,{CH-CO-CH:CMe, (108°) 2260 
2580 
2800 
3880 
COPh, (238°) 2430 
3790 


CHMe:CH-CH:CH-CH:CH:CHO (203°) 2280 
2560 
2800 
3130 
4090 


\ J-CHiCMe-COEt (188°) 2300 
es 








2450 

2510 

3100 

3160 

3960 
References to origin: 1 Owen, J., 1945, in the press. 2 Jones and Koch, J., 1942, 393. * Jones, Wilkinson, 
and Kerlogue, J., 1942, 391. * Heilbron, Johnson, Jones, and Spinks, J., 1942, 727. * Heilbron, Jones, and 
Koch, J., 1942, 735. * Kuhn, Badstiibner, and Grundmann, Ber., 1936, 69, 105. 7 Heilbron, Johnson, and 

Jones, J., 1939, 1560. 
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TABLE II. 
Principal bands of 2: 4-dinitrophenylhydrazones and corresponding carbonyl compounds. 


Amax. Amax. &max. ‘ , 
System. (EtOH), a. (CHCI),a. x 10. System. (GOH), a. mG. AAS 
NHX‘NH, 3500 3430 150 : 

NHX‘N:CH, 3480 3480 O:CH, 
NHX‘N:CHR, 3560—3600 85803610 | 200200 O:CHR, } 
NHX‘N:CR,R, 3620—3650 3650—3680 O:CR,R, 
NHX‘N:CH‘CH:CH, 3660 3670 O:!CH-CH:CH, 2080 3 
NHX‘N:CH‘CH:CHR, 3730 3730 . O:CH:CH:CHR, 2170 1 
NHX'N:CR,CH:CHR, 3760 3800 O:CR,"CH:CHR, 2240 3 
NHX‘N:CH’CR,:CHR, 250—350  O:CH-CR,:CHR, 29801 $ 100—150 
wax eucentamice a) TD SDS O:CH-CH:CR,R, 2350 3 
NHX‘N:CR,'CH:CR,R, 3770—3790 3870—8950 O:CR,°CH:CR,R, 2390 * | 
NHX‘N:CH‘CR,:CR,R; 3870 3890 O:CH'CR,:CR,R, 2450 3 J 
NHX‘N:CH‘CH:CH'CH:CHR, 


No high intensity absorption 
>A = 2000 a. 


NHX°‘N:CR,’CH:CH‘CH:CHR, CH:CH'< 

arc CH:CHR . :CHR, 
NHX-N.CCGECHR: O° <CHICHR, 
NHX‘N:CH‘CH:CH’CH:CH’CH:CHR; ¥ 39504100 4000-—4150 stein het acca Pm - 
EK CCR GCHOCH CHICHT-CHICHS,,} ead CH:CH*CH-CHR, 100 


1 Evans and Gillam, J., 1941, 815; 1943, 565. ® Scheibe, Ber., 1925, 58, 587. * Smakula, Angew. Chem., 1935, 48, 152. 
* Difference between Amax. (EtOH) for 2 : 4-dinitrophenylhydrazone and corresponding carbonyl compound. 


3790—3950 3880—4070 300—400 


O:CH-CH:CH:CH:CHR, } esses ane ~100 


It is evident that is: varies not only with the number (m) of ethylenic bonds in the system 
NHX:‘N‘C‘[C:C],-, where X stands for the 2: 4-dinitrophenyl group, but also with the degree of alkyl sub. 
stitution in the NHX-N:C- and NHX‘N‘C’C:C- systems. The bathochromic effects of a conjugated ethylenic 
bond and an alky] substituent are of the order of + AA = 100—150a. and 50—100a., respectively. The former 
value is considerably smaller than that of + AA = ca. 250a. found for the bathochromic effect in the 3000— 
4000 a. region of a conjugated ethylenic bond in conjugated systems such as Y*[C:C],°, where Y is —C:C-, —C:C-, 
—-C:O, or phenyl. The latter value corresponds to that found for the bathochromic effect of alkyl substituents 
in the —C:C-C:C-, —C:C-C:0, and —C:C-C:C- systems (Hausser, Kuhn, e al., Z. physikal. Chem., 1935, 329, 363 
et seq.; Booker, Evans, and Gillam, J., 1940, 1453; Evans and Gillam, J., 1941, 815; Woodward, J. Amer. 
Chem. Soc., 1941, 68, 1123; 1942, 64, 72, 76; Braude and Jones, forthcoming paper). Alkyl substituents 
have little effect on the intensity, but the ,,, of the principal band increases with the number of ethylenic 
double bonds, as it does in other conjugated systems. A comparison of the light-absorption properties of 
dinitrophenylhydrazones and the corresponding unsaturated carbonyl compounds is included in Table II. 

The subsidiary bands, being more in the nature of inflexions than distinct maxima, are. much less 
well defined than the principal bands, and show only slight correlation with the nature of the parent carbony! 
compounds. Bands at ca. 2200 and 2600 a. are shown by 2: 4-dinitrophenylhydrazine itself (Table III) and 
all the dinitrophenylhydrazones ; in addition a band at ca. 2800 a. is exhibited by most dinitrophenylhydrazones, 
and further bands appear at ca. 2900 and 3100 a. when u = 2. 

The effect of change of solvent on the location of the principal maximum [AA = Agax, (CHCl;)-A,,,,(EtOH)) 
increases from + Ad = ca. 10 to ca. 100 A. with in the system NHX-‘N°C-[C:C],°, whereas ¢ shows only slight, 
apparently random variations. Dinitrophenylhydrazine itself, on the other hand, shows a solvent effect 
opposite in sign (AA = — 70 a.) (Table III). ‘ 

TaBLe III. 
Light absorption of 2 : 4-dinitrophenylhydrazine. Light absorption of 2: 4-dinitroaniline. 
Solvent : EtOH. Solvent : CHC]. Solvent : EtOH. Solvent : CHCl. 
Auea.» A: mx. X 107%. Aun. A- Sms, X 10°, Dees 4. Sues, X 10°%. Nene, 4: Gee, X 107°. 
2190 120 — — 2230 115 os 
2580 95 2605 100 2560 100 2590 110 


3500 145 3435 145 3350 145 3330 145 
4150 60 4000 50 ~3850 70 ~3800 65 


DISCUSSION, 


The 2 : 4-dinitrophenylhydrazones were examined in preference to simpler derivatives such as the pheny!- 
hydrazones or the p-nitrophenylhydrazones because of the practical considerations referred to above, althoug) 
in comparison with the latter derivatives the theoretical treatment of the light absorption of the more com- 
plicated systems presents greater difficulties. 

In Part I (preceding paper) the term “‘ partial ’’ chromophore was used in order to facilitate the discussion 
of complex light-absorbing systems. Without attempting an analysis of the light absorption due to the 
partial chromophore represented by 2 : 4-dinitroaniline (NH,X), the data given in Table III show that replace- 
ment of a hydrogen atom by a second amino-group to give 2 : 4-dinitrophenylhydrazine (NHX-NH,) results 
in a bathochromic displacement of the long wave-length band by ca. 150 a., while the 2600 a. band remains 
almost unaffected (cf. Macbeth and Price, J.,-1935, 1563). Bathochromic effects of the same magnitude are 
observed in phenylhydrazine as compared with aniline, and in aniline as compared with benzene (cf. Biquard, 
Bull. Soc. chim., 1936, 3, 909), whereas the bathochromic effect of an amino-group when directly attached to 





has a 


the t 
relatic 
in the 
is alr 
and tl 
(Evan 
obtair 
-CO'} 
furthe 
2650 . 
corres 
It see 
preser 
>NH 


[1945] Fairbrother : Electrolytic Dissociation Processes. Part IV. 503 


certain substituted benzenoid or to ethylenic systems is known to be considerably greater, being of the order of 
+ Ar = 300—600 a. (cf. Ramart-Lucas and Wohl, Compt. rend., 1933, 196, 804; Part I; and unpublished 
results obtained in these laboratories). Hydrazine in aqueous solution exhibits no absorption of appreciable 
intensity (e« > 1) in the 2100—6000 a. region, and the variochromic properties of the amino-group in the ultra- 
violet thus fit in well with the classical concept of an auxochrome. The latter, in contradistinction to a chromo- 
phore (¢.g., an ethylenic double bond), is a group which does not produce a system exhibiting high-intensity 
absorption in a given region of the spectrum when conjugated with itself, but does produce such a system 
when conjugated with a chromophore. 

In the 2 : 4-dinitrophenylhydrazones of non-conjugated carbonyl compounds the primary amino-group of 
the hydrazine is replaced by the ~N:C< group without appreciable alteration in the light absorption. The 
conjugating power of the ~N:C< group when attached to a conjugated system through the >NH group is 
thus of the same order as that of the amino-group and, again, it is considerably smaller than when directly 
joined to an ethylenic system (Evans and Gillam, J., 1943, 565; unpublished work). The >NH group thus 
has a smaller transmitting (‘‘ chromolatory ”’) capacity for conjugation than, for instance, an ethylenic bond, 
and this may well be a general characteristic of auxochromes. 

In the derivatives of «$-unsaturated carbonyl compounds, the chromophoric system is extended (to 
NHX:‘N:C-C:C-) and Agas, increases, but because of the smaller chromolatory capacity of the >NH group, 
the bathochromic effect of the ethylenic bond is smaller than that usually observed in conjugated systems of 
the type Y-[C:C],-. Further, when the number () of double bonds in NHX-N°C-[C:C],; is increased, the 
relation (Anax.)* = an, valid in other polyene systems, is obeyed but the constant a has a smaller value than 
in the case of the system O:C-[C:C], (Fig. la). The bathochromic effect of alkyl substituents (+ Ady = 504.) 
is almost fully exerted, however (Ad in Table II decreases but slightly with increasing alkyl substitution), 
and this is particularly interesting in view of the non-operation of this effect in the closely allied semicarbazones 
(Evans and Gillam, /oc. cit.). Thus, light absorption data for dinitrophenylhydrazones are more valuable for 
obtaining structural evidence than similar data derived from the semicarbazones. The system 
-CO‘NH‘N:C-C:C-, contained in the latter derivatives of «$-unsaturated carbonyl compounds, provides a 
further illustration of the variochromic properties of the >NH group. The high-intensity absorption (A,,, ca. 
2650 a.) cannot be ascribed to enolisation to —C(OH):N-N:C-C:C-, since the same absorption is shown by the. 
corresponding N-methylsemicarbazones in which such enolisation cannot occur (Evans and Gillam, Joc. cit.). 
It seems clear that the displacement of the maximal absorption, as compared with the —N:C-C:C- system. 
present in the «8-unsaturated oximes, which have 4,,, ca. 2300 a., is due to the bathochromic effect of the 
>NH group and the partially transmitted conjugation with the carbonyl group. 

The phenyl groups in 2: 4-dinitrophenylhydrazones of the type NHX-N°CPh: produce a bathochromic 
efiect of the same magnitude (+ Aap, ca. 200 a.) as that of an ethylenic bond, in contrast to other conjugated 
systems such as the diphenylpolyenes, where AdAp, ~ 1-5AAg—_, (Hausser, Kuhn, ef al., loc. cit.). Similarly, 
the bathochromic effect of an acetylenic bond conjugated with the NHX-N:C~ system is smaller than that of 
an ethylenic bond, whereas in other conjugated systems Adgeg ~ Adceg (Heilbron, Jones, and Raphael, J., 
1944, 186 and unpublished work). Again, «-carboxyl groups produce practically no bathochromic shift, 
whereas in systems of the type ~(C:C),°CO,H, + Adco,n ~ 200 a. 

Bisdinitrophenylhydrazones show normal absorption except in the case of a-diketones, where conjugation 
occurs between the two hydrazone systems and A,,, increases considerably. 

The technique of the light-absorption measurements has been described in Part I (preceding paper). 

The authors thank Professor I. M. Heilbron, D.S.O., F.R.S., for his interest in this work and the Rockefeller 
Foundation for financial assistance. They are also indebted to past and present workers in these Laboratories for 
providing many of the derivatives examined. 
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129. Electrolytic Dissociation Processes. Part IV. The Ionisation of a 
Carbon—Halogen Bond by Inorganic Halides. 


By FRED FAIRBROTHER. 


The ionisation of a carbon—bromine bond by an electrophilic inorganic halide dissolved in a non-polar solvent 
is in general very small. Measurements have been made of the dielectric polarisation of solutions in non-polar 
solvents, of several organic bromides mixed with electrophilic inorganic bromides. Ethyl bromide in cyclohexane 
solution shows an increase of polarisation in the presence of aluminium bromide corresponding to the ionisation 
of a few per cent. of the ethyl bromide. Benzyl bromide in the presence of stannic bromide, and ¢ert.-butyl 
bromide in the presence of stannic bromide or boron tribromide, show no measurable increase of polarisation. 
Triphenylmethyl bromide in benzene solution is ionised to a small extent yf stannic and boron bromides. 
The small degree of the ionisation of the triphenylmethyl bromide is confirmed by the colour of the solutions. 


IN Part III of this series (J., 1941, 293) the rates of radio-isotopic exchange of bromine between a number of 
inorganic and organic bromides were compared, and a general correlation obtained between the rates of exchange 
of radio-bromine and the catalytic activity of the metal bromide on the one hand, and the ease of ionisation 
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of the covalent carbon—halogen bond on the other. This exchange was discussed on the basis of a mechanism 
involving the transition of a covalent carbon—bromine bond into an ionic bond, the resulting bromine ion being 
detached as part of a complex anion by the electrophilic metal bromide : MBr, + RBr = MBrz,, + Rt. 

The energy relationships involved in such a transition of a covalent bond between two atoms X, Y into an 
ionic bond X*, Y~ may be represented diagramatically as in Fig. 1, in which A represents the potential energy 
of a given covalent state as a function of the nuclear separation of the two adjacent atoms X and Y where 
fission of the molecule occurs, and B that of the corresponding ion-pair. The difference between the asymptotic 
values of A and B, i.e., of the energies at large values of y of the gaseous molecule and the ion-pair, respectively, 
is given by the difference between the ionisation potential of -- - - X and the electron affinity of Y----. Ih 
all cases in which the mainly covalent state is the normal one for the bond X-Y in the gaseous molecule, 2 
will lie above A, the ionisation potential of an electropositive atom or radical usually exceeding the electron 
affinity of the electronegative partner. Any process which will lower the potential energy of the ion-pair to 
some state as represented by C, where a crossing from one state to another becomes possible without too high 
an activation energy or endothermicity, will result in the transition of a small proportion of the molecules into 
ion-pairs, the actual proportion depending on the energy change involved. A further lowering of the potential 
energy of the ion-pair to such a state as represented by D, where the minimum falls below the minimum of 4, 
would result in the spontaneous transition of most of the covalent molecules into ion-pairs. 

The two processes by which such lowering of the potential energy of an ion-pair is most frequently brought 
about are (a) solvation, involving mainly coulombic attraction between the ions and solvent molecules, and (}) 

complex formation by one or both ions with solvent 
Fic. 1. molecules or a third component, involving the formation 
of additional electron-pair bonds. 

This paper deals principally with the ‘question of 
the extent of this transition, i.ec., of the concentration 
of ion-pairs formed when an electrophilic metal halide 
is added to a solution of an organic halide in a non-polar 
solvent. 

In Part III of this series (loc. cit.) an attempt was 
made to calculate the heat changes involved in the re- 
action between aluminium bromide and ethyl bromide, 
leading to the formation of a carbonium cation and 
a complex metal halide anion, AlBr, + C,H,BrZ 
(AlBr,)— + C,H,*, and in spite of the uncertainty of 
the exact magnitude of some of the terms involved, it 
seemed that such a formation of ions by an organic 
halide and a metal halide catalyst must in general be 
an endothermic process, and that therefore only a small 
proportion of the components would be present in the 
form of separate ions at equilibrium. Even the form- 
ation of undissociated ion-pairs, by which radioactive 
isotopic exchange might occur, by relative rotation of 
Pr. ‘ the ions without separation, would also usually appear 

to be an endothermic process. 

In the present work the question of the formation of ion-pairs when organic and metal halides are dissolved 
together in a non-polar solvent has been studied by dielectric polarisation measurements and, in the case of the 
triphenylmethyl] halides, also colorimetrically. The results confirm the previous conclusions that the con- 
centration of ion-pairs in such solutions is very small. 

Evidence has also been found that the higher energy of formatign of a solid ionic lattice may be able to 
bring about that which simple pairing or solvation of the ions cannot, viz., the formation of an ionic solid from 
components which are mainly non-ionic in solution. 

A few preliminary measurements of the dielectric polarisation of mixed solutions of aluminium bromide 
and ethy] bromide in cyclohexane solution (Fairbrother, Trans. Faraday Soc., 1941, 37, 763) indicated by the 
rise of polarisation that some ion formation had occurred. These measurements have now been extended, 
the AlBr,/C,H,Br molar ratio being kept approximately constant and the apparent polarisation of the ethy! 
bromide being calculated on the assumption of a constant polarisation of the aluminium bromide. This is 
preferable to the inverse procedure, especially in solutions of different concentrations, since the change of 
polarisation with concentration is much less in the case of the almost non-polar metal halide than of the organic 
halide. A similar procedure has been adopted for systems involving other inorganic bromides. The results 
of the aluminium bromide-ethyl bromide measurements are given in Table I, in which f, denotes the 
mol.-fraction of aluminium bromide and f, that of ethyl bromide, the other symbols having their usual 
significance. 

Aluminium bromide in cyclohexane solution is present almost wholly as the dimer (cf. Trans. Faraday So¢., 
1941, 37, 763), but the solution in ethyl bromide contains the monomer (Wertyporoch, Ber., 1931, 64, 1371). 
In the present solutions we probably have a mixture of both forms—chiefly dimer—but the polarisations have 
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TABLE I, 


Solutions in cyclohexane. 


Aluminium bromide (AIBr,). 

te €. d. P, (c.¢.). ts 
0-00000 2-0153 0-7736 — 
0:03541 2-0521 0-8367 44-8 


‘ e. d. P, (c.c.). 
0-03711 2-0547 0-8397 45-3 


Mean 45-1 
Aluminium bromide and ethyl bromide. 


te . e. d. P, (c.c.). Se Ss e. d. P, (c.c.). 
0:00000 . 2-1593 0-7900 96-3 0-01463 0-01562 2-1387 0-8073 153 
000000 - 0- - 22727 0-8035 93-0 0-02218 0-02545 2-2312 0-8256 162 
0:00000 : 2-3858 0-8165 91-3 ‘ 0-02264 0-02346 2-2185 0-8258 164 


001363 . 2-1607 0-8071 149 0-02449 0-02475 2-2358 0-8293 167 
0-01394 0-01393 2-1229 0-8051 149 


been calculated on the basis of the simple formula AIBr, since it is probably in this form that the aluminium 
bromide becomes attached to a donor molecule. 

The solutions of aluminium bromide and ethyl bromide in cyclohexane were, provided that the concentration 
was not too high, just sufficiently stable to permit of the measurement of the dielectric constant and density. 
The aluminium bromide was first completely dissolved in the dry solvent, the ethyl bromide added, the flask 
quickly reweighed, and the solution transferred as quickly as possible to the dielectric-constant cell and pycno- 
meter. These had been standing in the thermostat at 25-00° for some time; the initial temperature of the 
solutions was about 18—20°. Measurements of the dielectric capacity of the filled cell were started immedi- 
ately and made at one minute intervals. These measurements fell slightly at first, as the solutions came to 
thermal equilibrium with the bath, remained steady at a minimum value for some minutes and then rose 
slowly. Coincident with this rise of dielectric constant the solutions became peach-coloured and turbid, and 
the dielectric losses so increased that after some 20—30 mins. measurements were no longer possible. The 
values of ¢ given in the above table are in all cases those of the flat minima. On standing for some hours, the 
liquid cleared and a small quantity of a deep red oil separated at the bottom of the dielectric cell and pycno- 
meter. This red oil, which was not further investigated, was soluble in excess of ethyl bromide, and therefore 
its formation was not observed when the molar ratio of ethyl bromide to aluminium bromide was much greater 
than unity, as in the preliminary experiments, though the same gradual increase of dielectric loss was apparent. 

It is clear from these figures that the presence of aluminium bromide brings about a substantial increase in 
the apparent polarisation of ethyl bromide in cyclohexane solution, but in the absence of any definite inform- 
ation as to the magnitude of the molar polarisation of the ion-pairs it is not possible to calculate their con- 
centration. On the other hand, if we assume a molar polarisation of 2000 c.c. for the ion pairs, which is near 
the lower limit of that obtained by Kraus (Science, 1939, 90, 281) for the molar polarisation of a number of 
electrolytes in benzene solution, the present increase of polarisation would correspond to the ionisation of about 
3—4% of the ethyl bromide. A smaller assumed molar polarisation would mean a larger concentration, and 
vice versa, but it is evident in any case that only a small fraction of the ethyl btomide has been ionised by the 
aluminium bromide in these solutions. The increase of dielectric constant of the solutions on standing, which 
could not be measured on account of a simultaneous increase in conductivity, indicates the formation of a more 
ionic system ; it is this stage which should be compared with the conducting solutions of aluminium bromide 
inethyl bromide obtained by Wertyporoch (loc. cit., p. 1369), who also observed that the conductivity of the 
solutions increased with time, taking as long as 45 mins. to reach equilibrium, in dilute solutions. 

The extension of polarisation measurements with aluminium bromide to other aliphatic bromides with which 
exchange of radioactive bromine occurs is not possible on account of the even more rapid decomposition of the 
solutions with evolution of hydrogen bromide, presumably as a result of the instability of the carbonium ions. 
Attention was therefore turned to some less electrophilic inorganic bromides, ¢.g., stannic bromide and boron 
tribromide, which also exchange bromine atoms with a number of organic bromides, including #ert.-butyl 
bromide and benzyl bromide, but without any apparent decomposition of the solutions. The polarisations of 
the inorganic and organic components were first measured separately in cyclohexane solution, and then together 
in the samie solvent. The results are given in the following tables in which the symbols have the same signifi- 
tance as before, f, and P, referrring in each case to the inorganic bromide and f, and P, to the organic bromide. 

It may be noted that the polarisation of stannic bromide in cyclohexane (58-7+0-4 c.c.) is slightly higher 
than the value obtained by Coop and Sutton (55-6 c.c.) for the vapour state (J., 1938, 1269) and may be due 
to a distortion of the tetrahedral symmetry of the molecule by the adjacent solvent molecules, producing a 
small effective moment in the same manner as the flexing of the Sn—Br bonds may be supposed to give rise to 
the large atomic polarisation (cf. Coop and Sutton, Joc. cit.), or to a small formation of an ionic autocomplex 
SnBr,-SnBr,. 

Boron tribromide in cyclohexane (32-3+0-4 c.c.) and in benzene (32-2+0-4 c.c., see below), together with 
Lowery’s data for the refractivity of boron tribromide vapour (Proc. Roy. Soc., 1931, A, 188, 188) leading to an 
electron polarisation of 30-03 c.c. at A = 5461 ., are consistent with a zero moment for this molecule and a 


ge structure as shown by electron-diffraction measurements (Levy and Brockway, J. Amer. Chem. Soc., 
937, 59, 2085). 
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TABLE IIT. 


Solutions in cyclohexane. 
Stannic bromide. Boron tribromide. 
°° €. d. P,, cc. . €. d. Pe, C4, 
0-00000 2-0153 0-7736 — : 2-0153 0-7736 -— 
0-01739 2-0364 0:8268 58-5 . 2-0201 0-7934 32-9 
0-02094 2-0409 0-8376 58-7 ° 2-0208 0:7967 32-2 
0-02343 2-0448 0-8452 59-4 . 2-0230 0-8080 32-5 
0-06747 2-0969 0-9782 58-1 0-03563 2-0273 0-8309 31-6 


Mean 58-7 Mean 32-3 


tert.-Butyl bromide and stannic bromide. tert.-Butyl bromide and boron tribromide. 


Se Ts. €. d. .. Se: Ss: €. d. P,, 
0-00000 0-04556 2-2514 0:7942 127-9 0-01557 0-04597 2-2578 0-8186 127°5 
0-00000 0-04626 2-2522 0-7944 126-8 0-01870 0-04659 2-2628 0-8245 126-3 
0-00000 0-04628 2-2531 0-7944 127-1 0-02931 0-04589 2-2640 0-8413 127-2 
0-007560 0-04595 2-2634 0-8178 127-7 
0-01969 0-04547 2-2763 0-8545 127-7 Benzyl bromide and boron tribromide. 


0-02377 0-04657 2-2886 0-8676 127-9 0-00000 0-04639 2-2049 0-8059 110-4 
Ocstee §=86O08E = SEEN O8728 «1809 0-00000  0-05194  2-2276 00-8098 — 110-0 


0-01871 0-04577 2-2070 0-8363 108-5 
0-02601 0-05172 2-2337 0-8517 108-3 
0-02936 0-03836 2-1794 0-8476 108-5 


It is evident from the figures in the above table, that the increase in dielectric polarisation observed with 
aluminium bromide and ethyl bromide does not occur with ¢ert.-butyl bromide or benzyl bromide in the presence 
of stannic or boron bromides, although exchange of radioactive bromine occurs fairly easily in such systems. 

Since, as shown by the work of Ingold and his collaborators on the mechanism of organic substitution 
reactions, ¢ert.-butyl and benzyl are groups which would be expected to facilitate the ionisation of the carbon- 
bromine bond by the electrophilic metal bromide, and which in fact do facilitate the exchange of radioactive 
bromine, ¢.g., in comparison with ethyl bromide, the next question was whether a further increase in the 
ionisability of the organic bromide might lead to the formation of a measurable amount of ion-pairs by these 
less electrophilic metal bromides. Measurements were therefore made of the dielectric polarisation of benzene 
solutions of triphenylmethyl bromide with stannic and boron bromides. (The use of benzene as solvent was 
necessary on account of the very low solubility of the double compounds in cyclohexane.) 

The ionisation of triphenylmethyl halides in certain solvents has been noted by many workers. For 
instance, Walden (Ber., 1902, 35, 2018) and Gomberg (ibid., p. 2397) observed that a number of triphenylmethy! 
compounds and double compounds gave well-conducting solutions in liquid sulphur dioxide. It has also long 
been know that triphenylmethy] halides form stable double compounds with a number of metallic halides, 
some being well defined and crystalline (cf. Schmidlin, “‘ Das Triphenylmethyl,” Stuttgart, 191I, p. 111). 
In particular, Kehrmann and Wentzel (Ber., 1901, 34, 3815) and Gomberg (Ber., 1902, 35, 1822) observed that 
triphenylmethy] chloride and stannic chloride formed a crystalline compound CPh,C1,SnCl,, which was later 
shown by Walden (loc. cit.) to behave as an excellent electrolyte when dissolved in liquid sulphur dioxide. The 
corresponding bromide CPh,Br,SnBr, has now been prepared and used in the present work. Most of these 
metal halide double compounds are insoluble or sparingly soluble in non-polar solvents, but the double com- 
pounds of triphenylmethyl bromide with stannic and boron bromides, severally, possessed. sufficient solubility 
in benzene to permit of the measurement of the dielectric polarisation. The results of these measurements are 
given in Table III. Asin the former cases, the polarisations of the separate components were also measured, 
but in the values given for the solutions of the double compounds, f, and P, refer respectively to the mol. 
fraction and apparent polarisation of the double compound supposed to be present as such in the solution. 

Attempts to prepare a crystalline double compound of triphenylmethyl bromide and boron tribromide of 
definite composition, failed. Addition of equivalent amounts of the components in benzene solution, even as 
dilute as 1%, produced a yellow precipitate which did not redissolve on dilution, and which, together with the 
mother-liguor, darkened on standing. Solutions of this compound were therefore prepared by dissolving 4 
small known weight (<70-1 g.) of boron tribromide in 70—80 ml. of pure benzene and adding the equivalent 
amount of triphenylmethyl bromide, as a 2% solution in benzene, drop by drop from a burette in a stream of 
dry nitrogen, the final amount of benzene present being obtained from the weight of the solution. This pro- 
cedure gave a deeply orange-coloured solution which was stable for some hours, but as a result of the method 
of preparation, the polarisation measurements of this compound are probably not better than + 10%. 

The polarisation of boron tribromide in benzene differs from that in cyclohexane by less than the experimental 
error: the polarisation of stannic bromide is significantly greater in benzene, indicating a certain amount of 
interaction with the aromatic molecules, but much less than in the case of aluminium bromide, which in benzene 
possesses a polarisation of 550 c.c. and a moment of 4:89 p. (Ulich and Nespital, Z. Elektrochem., 1931, 37, 
559). 

The refractivities of the triphenylmethyl bromide solutions were measured with a Pulfrich refractometer at 
25-00° and 4 = 5461 a. (Hg), giving P, = 91-9.c.c. This value being taken for the electron polarisation and 
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TABLE III. 


Solutions in benzene. 
Triphenylmethyl bromide. ; Stannic bromide. 
€. d. 0). - €. d. P, (c.c.). 
2-2727 0-8737 . 2-2727 0-8737 = 
2-3031 0-8788 ; ° 2-2920 0-9236 
2-3241 0-8821 , ° 2-2935 0-9248 
2-3455 0-8867 , . 2-2970 0-9344 
2-3680 0-8900 : 0-02149 2-3028 0-9496 
24157 0-8986 : 0-03866 2-3275 1-0092 
0-02821 2-4677 0-9077 : —- 


oP: = 183-5 c.c.; P, = 91:9 c.c.; p = 2-1 D. Mean 61-6 
engine ies Triphenylmethyl bromide-stannic bromide. 
000000 2-2727 0°8737 


0-007370 2-2735 0-8871 0-00000 2-2727 0-8737 — 
x 0-001316 2-2855 0-8791 277 
Mean 32-2 0-002580 2-2968 0-8849 264 


ols = 290 c.c.; P. = 153-5; ppp. = 2-7 D. 


Triphenylmethyl bromide-boron tribromide. 


0:00000 2-2727 0-8737 — 0-000427 2-2917 0-8744 775 
0:000403 2-2908 0-8744 779 0-000653 2-3002 0-8751 732 


he atomic polarisation being neglected, the above figures indicate a moment of 2-1 p. for triphenylmethyl 
bromide. 

The figures in Table III also show that double compound formation between these inorganic bromides and 
triphenylmethyl bromide is accompanied by an increase in polarisation, but this is still too small to indicate 
any considerable formation of ion-pairs. This increase of polarisation is again almost certainly due to the 
presence of a relatively few ion-pairs which have a large moment. 

The use of triphenylmethyl compounds, however, permits an alternative approach to this question of ion- 
pair formation, viz., by a consideration of the colours of the solutions. Anderson (J. Amer. Chem. Soc., 1935, 
57, 1673), who has also reviewed the earlier work on the colours of solutions of triphenylmethyl compounds, 
has made a quantitative study of the light absorption of solutions of the free triphenylmethy] radical and several 
of its compounds in liquid sulphur dioxide, sulphuric acid, and other solvents. He has shown that the light 
absorption curve for a solution of triphenylmethyl bromide in sulphur dioxide, which is the absorption curve 
for the triphenylmethy] cation, is very similar to the absorption by this cation in solution in sulphuric acid, 
perchloric acid, or methyl sulphate. In sulphur dioxide solution the frequencies of maximum absorption are 
shifted a little towards the longer wave-lengths, but otherwise the shape and height of the curves are almost 
identical in the various solvents. From the temperature independence of the light absorption by triphenyl- 
methyl bromide in sulphur dioxide he concluded that it was completely dissociated in dilute solution. 

The significance of this work for the present purpose is that the measurement of the light absorption permits 
of an independent estimate of the concentration of triphenylmethy] cations and therefore of ion-pair formation. 

The double compounds of metal halides and triarylmethyl halides are all coloured, many of them very 
deeply, and even dilute solutions of the sparingly soluble ones are strongly coloured; but the quantitative 
light absorption of these solutions does not seem to have been studied. Hammett (‘“ Physical Organic 

”” New York, 1940, p. 54) has compared the formation of these compounds to the ionisation of an 
acid or base, chloride ion being transferred instead of hydrogen ion: CPh,Cl + SnCl, @ Ph,C™ + SnCl,-. 
The equilibrium constants of this ionogenic reaction in various solvents are, however, not known. _ If one com- 
pares, e.g., a 1% solution of triphenylcarbinol or a triphenylmethyl halide in sulphuric acid or perchloric acid 
with a solution of triphenylmethyl bromide-stannic bromide in benzene, of equivalent concentration, the differ- 
ence in colour is very striking, corresponding to about a thousandfold greater concentration of carbonium ion in 
the former case. Dr. A. E. Gillam has kindly photographed the absorption spectra of several of the solutions 
used in the present work, by means of a Hilger Type E quartz spectrograph and Spekker photometer. The 
yellow solutions show an absorption band with a maximum in exactly the same region as that found by Ander- 
son (Joc. cit.) for solutions of triphenylmethyl cation in various solvents. For triphenylmethyl bromide— 
stannic bromide in benzene the maximum absorption occurs at 4) = 2300 mm.-', and for triphenylmethyl 
bromide~boron tribromide at § = 2400 mm.-!. The values of the molar extinction coefficients, which varied 
‘lightly, probably on account of the shift in equilibrium with change of concentration, were, ¢.g., about 50 for a 
1-017m-solution of triphenylmethyl bromide—stannic bromide and about 400 for a 0-0034m-solution of triphenyl- 
methyl bromide—boron tribromide. These may be contrasted with the extinction coefficients found by Ander- 
son (loc. cit.) for salts of the triphenylmethyl cation in sulphur dioxide, sulphuric acid, methyl sulphate, and 
2% perchloric acid solutions, all of which show maximum extinction coefficients of 16,000—40,000 in the 
Tegion y = 2300—2600mm.-!. Hence, the concentration of carbonium ions in the present solutions is relatively 
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very small, amounting only to about 0-1% of the stannic bromide compound and about 1% of the boro, 
tribromide compound. Both dielectric polarisation and light absorption indicate a somewhat greater ionisatioggl“"“ ot 
of the boron tribromide conipound. 
In the solid state the double compounds may be more ionic; single crystals of the stannic bromide compound 

are deep orange-red in colour. In the formation of such an ionic solid, however, there is available, in addition 
to the energy of complex metal anion formation, also the energy of formation of the ionic lattice, which may 
greater than the energy of formation of single idn-pairs in solution. In this connexion the case of arsenic 
tribromide is of particular interest. If a dilute solution of arsenic tribromide in benzene is added to an equi 
valent amount of triphenylmethyl bromide, also in solution, there is no visible colour development; but if 
the solvent is removed in a vacuum at room temperature, a deeply orange-coloured solid separates, which willP 
again dissolve in benzene to give a colourless solution. In this case it may be presumed that the energy of 
formation of the complex metal anion is low, and that it is only in the solid state that ionisation is observed. [were ci 
The non-ionic fraction of the solute in these solutions of double compounds is probably present both asa i 
covalent complex and as uncombined component halides, chiefly the latter. There are several pieces of evidence 
which support this conclusion. The very small concentration of phenylmethylcarbonium ion, as indicated 
by the colours of the solutions, makes it necessary to assume also the presence of a small amount of a polar 
non-ionic complex, unless the moments of the ion-pairs are improbably 


Fic. 2. high—over 40 p. in both cases. On the other hand, any massive formationgm 
of such a covalent complex would give rise to a much larger polarisation rr; 
j ji than actually observed. In the case of the stannic bromide compound its 
formation could only take place by the distortion of the symmetrical 


T -, tetrahedron of the stannic bromide molecule, with an approach to a mor 

or less symmetrical trigonal bipyramid and the consequent unbalancing 

of the large Sn—Br moments. The 5-co-ordination compounds of stannicficel] wa: 
and titanium halides with nitriles and other molecules possess large 
moments, of the order of 6 p. (Ulich and Nespital, Z. physikal. Chem, 

1932, B, 17, 21). Also, the solutions of the boron tribromide compound, 

although very dilute, fume strongly in the air, indicating the presence in 

solution of the free components. 

a? In general, therefore, the equilibria (X = halogen) in solution are 
MX,, + Ar,CX = (MX,,Ar,;CX) = (MXz,,,Ar,C*), with in all cases a 130 
small equilibrium concentration of the covalent complex (MX,,Ar,CX) 
and of ion-pairs MX;,,,Ar,C*. In a polar solvent, as a result of the 
greater solvation energy of the ions, the degree of ionisation may be greate 
than in a.non-polar solvent. 

The study of such ionogenic equilibria, involving triarylmethyl com 
pounds and metal halides, by light-absorption and polarisation measure 
ments, offers an equilibrium method of comparing the electrophilig 
character of such metal halides and substituted metal halides as give rise 
to double compounds soluble in non-polar solvents. The study of rates 
of radioactive isotopic exchange offers a kinetic approach to the sam¢ 
problem. 

Even when metal halide and double compound are both insoluble, thé 
surface colour developed on addition of a solution of a triarylmethy] halid¢ 
to a white inorganic halide may be used as a qualitative test of thé 
electrophilic character of the latter. For example, in addition to thos 
already mentioned, yellow solutions or precipitates, or yellow coloratiot 

of the solid, were observed on the addition of the corresponding triphenylmethy] halide in benzene or cyclo 

hexane solution to anhydrous BeBr,, ZnBr,, CdBr,, HgBr,, YCl;, CeCl,, GaBr;, InBrs, TiCl,, ZrCl,, ThC) 

TeCl,, or TaCl;, but not with halides of the alkali or alkaline-earth metals, thallous halides, or the halides 0 

carbon, ‘silicon, or phosphorus. 


. 
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EXPERIMENTAL. ona 

Materials—cycloHexane. A commercial product was shaken with concentrated sulphuric acid to which a littl - 
fuming acid had been added, until it no longer showed the benzene absorption bands in the ultra-violet. It was the - 
washed, roughly dried over potassium hydroxide pellets, set aside for several weeks in contact with phosphoric oxidgg” give 
and fractionated through an efficient column in a stream of nitrogen, dried by passage through a coil immersed in liquig The 
air; b. p. 80-0°+0-1°/752 mm. ; arbon 

Benzene. ‘‘ AnalaR’”’ Benzene was fractionally frozen three times to remove homologues, kept for several mont 
over phosphoric oxide, and fractionated as above in dry nitrogen; b. p. 80-9°0-1°/778 mm. , 

The pure solvents were stored in vessels of the form shown in Fig. 2, constructed entirely of Pyrex glass, with standar 
‘‘ Quickfit”” ground joints; the latter were pressed together by metal collars and rubber bands (not shown). Th 
delivery tap T was ungreased and the outlet tube capped when not in use. The loose annular vessel A, surrounding 
central delivery tube, was partly filled with anhydrous magnesium perchlorate (freshly dehydrated by heating 10 
vacuum) kept in place by a plug of glass wool. The same drying agent was used in the air inlet tube connecting MM 7) 
vessel with the compressed-air line. This method of storage prevented contact between the drying agent and liquid 
its efficiency was shown by the fact that the dielectric constants of the liquids remained unchanged over several month dry 
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Boron tribromide, This was prepared by reaction between boron trifluoride.and aluminium bromide (Gamble, Gilmont, 
and Stiff, J. Amer. Chem. Soc., 1940, 62, 1257). After fractionation, the extremely hygroscopic liquid was redistilled 
nder low pressure (a few »Hg), with rejection of the first part which contained any hydrogen bromide, and filled, without 
removal from the vacuum apparatus, into small ampoules provided with long fine capillaries at each end, one of these 
peing sealed before filling with the liquid. The other capillary was then sealed by a small flame, at a point where it 
ontained only boron tribromide vapour. In use, one capillary was cut near its end and placed just above the surface 
ofthe solvent; the upper capillary was then cut, and the boron tribromide allowed to flow into the solvent with a minimum 
ontact with the atmosphere. 

Stannic bromide. . A commercial product was redistilled and filled in a similar manner into larger ampoules with a 
ifmsingle capillary. These ampoules were only partly filled, and the molten stannic bromide was allowed to solidify 

with oe — capillary uppermost. In use, the ampoules were cut near to:the surface of the solid and quickly slipped 
into the solvent. 
Aluminium bromide. Haen’s ‘‘ pro Synth.’’ product was freshly sublimed in small portions in a vacuum at about 
ly Hg, and melted under dry nitrogen at atmospheric pressure into small tubes; after solidification of the bromide, these 
vere cut Close to the surface of the solid and quickly added to the solvent. 

Triphenylmethyl bromide. Prepared from triphenylcarbinol and hydrogen bromide in glacial acetic acid (Wieland, 
Ber., 1911, 44, 3024), and recrystallised from carbon disulphide and three times from dry cyclohexane, this had m. p. 151°. 
Other organic bromides were commercial products, purified, dried over phosphoric oxide, and fractionally distilled. 
The triphenylmethyl bromide-stannic bromide double compound was prepared in a well-crystallised condition by 
mixing equimolar quantities of the components dissolved in sufficient warm benzene to prevent immediate precipitation, 
and allowing the solution to cool slowly (Found: C, 30-0; Sn, 15-5. C,,H,,;Br,SnBr, requires C, 30-0; Sn, 15-6%). 
his compound is soluble only to the extent of about 2% by weight in cold benzene. 

Measurements.—The dielectric constants were measured at about 100 kc. by means of a Muirhead Type 3-A Hetero- 
dyne Capacity Meter. This instrument was first calibrated by the step-by-step method, for linearity of scale, at 50 
points, a Llu ¥. fixed-capacity air condenser being used. The capacities could be measured to about +0-02yp F. or 
about 1 part in 10,000 of the smallest capacity used, that of the dielectric cell when filled with dry air. The latter was 
a 3-plate platinum-glass cell of about 215yupy ¥F. capacity, of a type previously described (Fairbrother, Proc. Roy. Soc., 
1933, A, 142, 173). Densities were measured in a glass-capped Sprengel-type pycnometer of about 11 c.c. capacity. 
Both dielectric cell and pycnometer were immersed in the same medicinal paraffin oil thermostat at 25-00°. The dielectric 
cell was calibrated in the usual manner with the dry benzene, the dielectric constant of the latter being assumed to be 
2.2727 at 25° (Hartshorn and Oliver, ibid., 1929, A, 128, 664). 
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130. The Kinetics of Halogen Addition to Unsaturated Compounds. Part VII. 
Bromine Addition in Carbon Tetrachloride, Chlorobenzene, and Chloroform. 


ate By P. B. D. pE tra Mare, R. A. Scott, and P. W. ROBERTSON. 


In the addition of bromine to allyl benzoate in carbon tetrachloride, a high-order homogeneous reaction 





om occurs concurrently with a lower-order surface-catalysed reaction, which becomes relatively more prominent 
sure at lower concentrations. The homogeneous reaction is accelerated by water and retarded by oxygen, and 
hilic appears to proceed by an activated-molecule chain mechanism. In the addition of bromine to allyl benzoate 


in chlorobenzene and chloroform there is no surface catalysis; the reactions show third-order kinetics changing 
towards second-order at lower concentrations. The third-order reaction in chlorobenzene has a temperature 
coefficient of unity. Competitive experiments indicate that addition of bromine to allyl benzoate in chloro- 
benzene induces t of bromine to cinnamic acid. 

















@ ADDITION of bromine to olefins in carbon tetrachloride solution may show a high reaction order and hetero- 
geneous effects (Part I, J., 1937, 335), and the simultaneous absorption of oxygen during such addition has 
@s een demonstrated by Bockemuller and Pfeuffer (Annalen, 1939, 587, 178). It has also been found that the 
@ ate of addition of bromine to cinnamic acid in carbon tetrachloride is reduced by oxygen (Bauer and Daniels, 
J. Amer. Chem. Soc., 1934, 56, 378; Urushiba and Takabayashi, Bull. Chem. Soc. Japan, 1937, 356, 499). The 
catalytic effect of water on bromine addition in carbon tetrachloride had been previously shown by Davis 
. Amer. Chem. Soc., 1928, 50, 2769). 

The kinetics of addition of bromine to allyl benzoate in carbon tetrachloride and other solvents have now 
been examined in an atmosphere of dry nitrogen. It became apparent during the course of these experi- 
ments that the technique of rate measurement (stopping reaction with potassium iodide, and titrating the 
lodine with sodium thiosulphate) employed by previous investigators and ourselves was liable to considerable 
for. A new method (stopping the reaction with sodium arsenite and back titration with iodine) was found 
0 give reliable results. 

The following values were obtained for the dark reaction at 24° between allyl benzoate and bromine in 
arbon tetrachloride, the solvent being saturated with dry nitrogen : 


M/5. m/10. m/20. m/40. 
en ere eee 3-6 40 200 950 
Time, mins. (y = 20), with beads* ......... — 27 aa 250 


* Sufficient to expose a three-fold surface. 


The course of individual reactions is shown as second-order coefficients, and also the influence of oxygen 
dry air) and of water (solvent saturation) : 
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x. 10. 20. 30. 40. 50. 
Te oe i oe 0-35 0-28 0-21 0-15 * 
RIOR costco ih toc sicebsdnaes 0-089 0-064 0-054 0-049 0-043 * 
he (M/10), With Og ......cccccesceeseeeeeee  0°053 0-045 0-041 0-037 0-033 
ke (M/10), with H,O ........c.ccsc0cc000. 0°28 0-25 0-24 0-22 0-22 


* For m/5-benzoate + M/10-Br,, k, = 0-062. 

These results reveal the general nature of bromine addition to allyl benzoate in carbon tetrachloride solu. 
tion. As the acceleration due to packing with beads becomes relatively less as the concentration is increased, 
the high order cannot be ascribed to heterogeneous effects, as was formerly considered (Part I). The observed 
kinetics can be explained by the participation of two simultaneous reactions, a high-order (n = ~4) homo. 
geneous reaction becoming dominant in the concentration region m/5, and a lower-order surface-catalysed 
reaction, the relative contribution of which becomes progressively greater as the concentration is diminished, 
The heterogeneous reaction is dependent on the polar nature of the surface, and it was found that a layer of 
barium sulphate in the reaction vessel increased the rate about 50-fold. Other polar substances such as man- 
ganese dioxide and lead dioxide caused a similar large acceleration. With regard to the high-order homo. 
geneous reaction, the falling off in rate as revealed by the decrease in k, values from x = 10 to x = 50 at jj 
indicates that the course of the reaction is in accord with the reaction order calculated from the initial rates: 
i.e., the high order observed is not due to any effect such as branching chains or autocatalysis. A possible 
autocatalyst for the reaction, viz., hydrogen bromide produced by simultaneous substitution, was found by 
experiment to be absent at the end of the reaction. - The relative contributions of allyl benzoate and bromine 
to the high-order reaction were determined from experiments with different’amounts of each. The result 
quoted above for m/5-benzoate and m/10-bromine indicates that in the homogeneous reaction (m = ~4) the 
contribution of the bromine is considerably greater than that of the allyl benzoate. 

The influence of temperature on the high-order homogeneous reaction was also examined: for m/5-solu- 
tions at 42°, time for x = 20 was 2-4 mins., giving k3,-/k.;- = 1-2. There is thus a small temperature coefficient, 
and the lowering of rate with temperature previously observed (Part I) is attributed to a variation in the water 
content of the reaction mixtures. 

The addition of bromine in the dark to allyl benzoate in chlorobenzene solution under dry nitrogen gave the 
following results, reaction times being expressed in mins. : 


mM/10. m/20. m/40. M/80. 
Rm Cie cet: ED) BE BE ass concn thscsrecdsepeencscpes ene 2-4 10-8 39 142 * 
Time (# = 50) at 42°... ies 2-3 = -- 110 


* With beads, ¢ = 142; with a layer of barium sulphate, ¢ = 23. 

This reaction is similar to bromine addition in acetic acid solution, showing third-order kinetics in the 
region m/10—m/40, with a concomitant second-order reaction becoming apparent when the concentration is 
further reduced. In this polar solvent there is no catalysis by a glass surface, but the more strongly polar 
barium sulphate causes an acceleration. Iodine [with 0-02 mol. and m/10-solutions, ¢ (y = 50) was 0-73] isa 
catalyst in chlorobenzene solution, but oxygen (air) and water (solvent saturation) had no influence on the 
rate. The reaction in m/10-solutions has a temperature coefficient of unity, increasing with the incursion of 
the second-order reaction, as indicated by measurements on m/80-solutions. “A similar effect was found in 
acetic acid solution, in which solvent there is a small temperature coefficient for termolecular bromine addition, 
increasing in magnitude with the establishment of the bimolecular reaction in dilute solutions (J., 1939, 1515). 

Addition of bromine to cinnamic acid at 24° in chlorobenzene also showed third-order kinetics : m/10—w/20 
(m/10, ¥ = 25, time = 820); since, for allyl benzoate, m/10, x = 25, time = 0-66, this gives the relative rate 
of bromine addition to the two compounds as 1240:1. The corresponding ratio obtained by a competitive 
method in the same solvent is very much smaller (~7 : 1). 

The competitive method for addition of bromine has been investigated in dichloromethane solution (Ingold 
and Ingold, J., 1931, 2354; Anantakrishnan and Ingold, J., 1935, 984, 1396). One pair of compounds chosen 
for examination was propylene and crotonic acid (rate ratio, competition method, 8:1). Addition of bromine 
to propylene is too rapid for convenient measurement, but the relative rate of addition of iodine to this com- 
pound and to allyl benzoate is 15: 1 (J., 1938, 179); addition of bromine to crotonic acid is very slow and 
autocatalytic, but the relative rate of chlorine addition to this compound and to cinnamic acid is 1: 9 (J., 
1939, 1509). By combining these values and the value quoted above for allyl benzoate and cinnamic acid, 
it may be concluded that the kinetic rate ratio for propylene and for crotonic acid for electrophilic halogen 
addition is of the order 105: 1. It appears therefore from these results that a fast addition of bromine may 
have an inducing effect on a slower reaction of the same type. A similar effect has been reported by Stewart 
and Hanson (J. Amer. Chem. Soc., 1931, 58, 1121), who have shown that addition of chlorine to ethylene 
induces that to benzene. 

The polar compound chloroform (p = 1-1); in its behaviour as a solvent for the reaction between allyl 
benzoate and bromine, is very similar to chlorobenzene (Dp = 1-6), reacting at about the same rate and showing 
third-order kinetics in the concentration region M /10—m /20; at 24°: 


m/10. m/20. m 40; 
Bee GUERB.), 5 DD on. scvacateecings ric cestsoes® OOS 2-4 7-4 
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Similarly the reaction shows no acceleration with glass beads and is catalysed by iodine. 


EXPERIMENTAL. 


Bromine (Baker’s ‘‘ Analysed ’’), after being boiled under reflux with potassium bromide, was distilled from an 
all-glass apparatus, and the middle fraction collected; it was free from iodine and hydrogen bromide. Carbon tetra- 
chloride was purified by treatment with Fehling’s solution and alcoholic potash (Ingold and Powell, J., 1921, 119, 122). 
Chlorobenzene was a B.D.H. sample redistilled; b. p. 132-56°/757 mm. Chloroform (‘‘ AnalaR’’) was distilled in and 
preserved in an atmosphere of nitrogen; b. p. 60-5°/762 mm. Allyl benzoate, b. p. 115°/15 mm., was used in prefer- 
ence to allyl acetate as it can be more readily purified. The cinnamic acid had m. p. 132°. 

In the experiments under nitrogen the solvent was boiled and allowed to cool in a stream of nitrogen dried by sulphuric 
acid, and subsequent operations were carried out in a current of nitrogen. The reaction bottles were cleaned with 
chromic acid solution (24 hours), washed with distilled water, and dried at 130°. The stoppers of these bottles were 
ground until no appreciable loss of solvent occurred at the temperature of the experiments. The reaction bottles were 
well protected from light, and a dim illumination was maintained in the thermostat room. 

The accepted technique of rate measurement for bromine addition (cf. Sudborough and Thomas, J., 1910, 97, 751, 
2450), viz., by running an aliquot of the reaction mixture into aqueous potassium iodide and titrating the liberated 
iodine, is liable to considerable error for solvents such as carbon tetrachloride. Iodine, which is a catalyst for bromine 
addition in the solvents employed, may enter the solvent phase before the bromine has been completely extracted by the 
potassium iodide solution. Catalysed bromine addition takes place, and the measured absorption of bromine is too 
high by an amount dependent on the time taken for titration and the thoroughness of the shaking. A further error is 
possible, even in dim illumination, as these reactions are extremely light sensitive, while the aliquot is being withdrawn 
for titration. In the rapid reactions these errors may become very considerable. In the present investigation separate 
reaction bottles were used, the whole contents of each being titrated after the reaction had been stopped with bicarbonate- 
buffered sodium arsenite by vigorous shaking. On back-titrating with iodine it was found that the absorption—time 
curves showed no initial acceleration and passed smoothly through the point of origin. The following series for 0-1m- 
allyl benzoate and 0-1M-bromine in carbon tetrachloride under nitrogen at 24° is typical : 


1 Ml. 0-200m-A + 1 ml. 0-206m-Br,: 5 ml. of 0-0984n-Na,HAsO, added to stop reaction : ml. of 0-100n-I, required : 
t= 0, 0-80; ¢ = 2-4, 0-94; ¢ = 11-5, 1-21; ¢ = 40-0, 1-64; ¢ = 117, 2-34. 


From curve, ¢ (x = 30) = 80; second series, ¢ (y = 30) = 78. 


In the measurements, the initial bromine concentration may vary slightly from that of the ester (as in the experi- 
ment quoted), involving a small correction. Each series was repeated at least twice, and for the experiments in chloro- 
benzene, a different technique (stopping the reaction with standard thiosulphate + potassium iodide) was also employed, 
and the agreement between separate observers was good. The results of significant measurements have been quoted 
as times (mins.) or &, values (g.-mol.-1.-! min.~*) in the text. 

In the competition experiments, a deficiency of bromine was added to equimolecular amounts of allyl benzoate (A) 
and cinnamic acid (X) in chlorobenzene at 24° in a nitrogen atmosphere in the dark, under conditions similar to those 
prescribed by Ingold and Ingold. The solution after completion of reaction was extracted five times with 10% 
potassium carbonate solution. The alkaline extract, after three re-extractions with ether, was acidified and extracted 
twice with ether; the ethereal extracts were washed with water, evaporated, and the residue dried in a vacuum at 100°. 
The combined mixed acids were weighed, and the composition determined (a) by titration with alkali and (b) more 
accurately by estimation of bromine. The weight of mixed acids calculated from the bromine content was the same 
as the value found within the limits of experimental error. In the measurements summarised below, for which the 
proportions of A, X, and Br, were varied, col. 1 gives the volume of solution after mixing, and cols. 2 and 3 show the 
molarity of reactants calculated for that solution. 


A (and X) Br, Acids Acids Br, %, in [ABr,] Relative 
Vol., ml. molarity. molarity. found (g.). calc. (g). acids. [XBr.] rate. 
50 0-200 0-049 1-58 1-56 4-9 4-0 4-3 
50 0-200 0-091 1-55 1-59 6-7 5-8 6-8 
60 0-167 0-103 1-56 1-60 75 75 10-4 


A blank measurement was made to test both method and materials: chlorobenzene, containing ester and bromine, 
was left to completion of reaction, and cinnamic acid added; after 5 days, the acid was extracted and analysed (Found : 
Br, nil). It was further found experimentally that there was no formation of hydrogen bromide in the reaction A + Bry, 
and no decarboxylation of the cinnamic acid in a competition experiment. 


Discussion.—Addition of bromine in the vapour phase and in carbon tetrachloride solution at low con- 
centrations is dependent on the polar nature of the surface. As the reactions in chlorobenzene and in chloro- 
form (which are more rapid than in carbon tetrachloride) are not accelerated by a glass surface, it is concluded 
that in these solvents the rate of addition is determined by the polarity of the solvent. The velocity of the 
homogeneous reaction in carbon tetrachloride, which on account of the non-polar nature of the solvent would 
be expected to be slow, becomes, however, considerable at high concentrations. The high reaction order, 
which determines this rapid rate, is not easy to explain in terms of classical kinetics, but may be due to a 
mechanism involving reaction chains. Such a theory could also be in accord with the effect of oxygen in 
carbon tetrachloride, as the function of a negative catalyst is frequently that of a chain-breaker. 

Mechanisms involving (a) atoms and radicals or (b) activated molecules have been proposed to explain 
the photo-addition of halogens to olefinic compounds. The increase of the photochemical equivalent with 
the bromine concentration, even in the absence of oxygen, in the photobromination of cinnamic acid in carbon 
tetrachloride (Bauer and Daniels, ]. Amer. Chem. Soc., 1940, 62, 2821) is difficult to correlate with an atom- 
chain mechanism, and appears to be related to the high order for bromine found for the dark reactions. The 
nature of the catalysts for bromine addition in carbon tetrachloride, viz., water, iodine (as iodine bromide), 
antimony tribromide, and pyridine, is an indication that their function is rather to polarise the bromine 
molecule than t@ cause its dissociation into atoms. Actually, iodine has been shown to act as an inhibitor 
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(chain-breaker) in abnormal hydrogen bromide addition, which is considered to proceed by an atom-chain 
mechanism (Vaughan, Rust, and Evans, J. Org. Chem., 1942, 7, 477). The formation of bromine-sub. 
stituted peroxides by the simultaneous action of bromine and oxygen on olefins in carbon tetrachloride (Bocke. 
muller and Pfeufier, Joc. cit.) can no longer be considered as evidence for the participation of atoms and radicals 
ma reaction, as the properties of the products correspond with those of bromo-ketones (Rust and Vaughan 
ibid., p. 491). 

An extension of the process proposed to explain termolecular bromination in acetic acid solution permits 
the formulation of a reaction proceeding by active molecule chains : 


(1) A + Br, —> A,Br, (3) A + Biy* —> A,Br,* ae 
(2) A,Br, + Br, —> ABrBr + Br,* (4) A,Br,* + Bry——> ABrBr + Br,* 


The chain process, (3) and (4), becomes the same as that suggested for the light reaction by Bauer and 
Daniels (Joc. cit.) and afterwards rejected in favour of an atom-chain mechanism (idem, loc. cit., 1940). The 
kinetios of such a reaction are complex and dependent on the mode of chain-breaking. The effect of oxygen 
could be explained as due to the deactivation of A,Br,* molecules and the consequent breaking of chains 
(with partial oxidation). A similar proposal was made by Wood and Rideal (J., 1927, 2466) to account for 
the decelerating influence of oxygen on the photochlorination of cyclohexane. 

Bromine addition to allyl benzoate in chlorobenzene solution shows the same kinetic behaviour as for 
the corresponding reactions in acetic acid. A characteristic of these third-order reactions is their slight 
sensitivity to temperature change, and in chlorobenzene, at m/10, the reaction investigated has a tem- 


1 
perature coefficient of unity. For third-order kinetics (J., 1943, 276), if A + Br, A.Bry; A,Br, + Br, onl 


ABrBr + Br, : 
; — d{A]/dt = Kk,[A][Br,]* (where K = k,/k) 


When the rate does not alter with the temperature, the increase of k, is balanced by the decrease of K, 
or in energy terms, E — Q = 0, where @Q is the heat of reaction of the reversible reaction, and E the heat of 
activation of the irreversible reaction. 

The inducing effect of the reaction between allyl benzoate and bromine in chlorobenzene on a slower 
addition of bromine suggests the possibility of a mechanism involving chains. Alternative theories are, 
however, possible, such as the production of activated molecules without chain formation. Further speculation 


is withheld pending the extension of this work, in particular to the examination of the kinetics of the catalysed 
reactions. ; 


VICTORIA UNIVERSITY COLLEGE, WELLINGTON, N.Z. (Received, May 7th, 1945.) 





131. Cinnolines. Part III. The Richter Reaction. 


By K. Scuoriztp and J. C. E. Simpson. 


The available routes to cinnolines are summarised [Widman-Stoermer reaction and reactions (A)—(E)]; 
one of these, the Richter reaction (A), has now been studied in some detail, The mechanism of this reaction is 
discussed with reference to the known electromeric behaviour of arylacetylenes, and it is shown that the success 
of the reaction is not dependent on the terminal carboxyl group of acids of type (III), hydroxycinnolines being 
obtained by reduction and diazotisation of o-nitrophenylacetylene and of 2-nitro-5-methoxyphenylacetylenc. 
2-Nitro-4 : 5-methylenedioxy- and -5-methoxy-cinnamic acid have been converted by successive bromination 
and dehydrobromination into the correspondin cone acids, and thence into the related cinnolines by 
reduction and diazotisation; bromination and dehydrobromination of ‘2-nitro-4 : 5-dimethoxycinnamic acid, 
on the other hand, give only the corresponding a(or f)-bromoacrylic acid, which could not be converted into a 
cinnoline. Nitration of 4-hydroxycinnoline gives mainly the 6-nitro-derivative, together with 5- and 8(or 
7)-nitro-4-hydroxycinnoline. 4-Methoxycinnoline and the isomeric 1-methyl-4-cinnolone are described, and also 
three isomeric methyl ethers of 6-nitro-4-hydroxycinncline. 


ALTHOUGH the Widman-Stoermer reaction has been successfully applied in a number of cases to the synthesis 
of cinnolines (Widman, Ber., 1884, 17, 722; Stoermer and Fincke, ibid., 1909, 42, 3115; Stoermer and Gaus, 
ibid., 1912, 45, 3104; Simpson and Stephenson, J., 1942, 353; Simpson, J., 1943, 447), its usefulness as a means 
of studying cinnoline chemistry in general is limited by the fact that it gives rise (with one exception) to 
4-arylcinnolines, a circumstance which necessarily restricts the investigation of 4-substituent reactivity. There 
are, however, a few scattered instances in the literature of syntheses of cinnolines in which C, does not carry 4 
hydrocarbon residue. Of these, the first (A) is due to Richter (Ber., 1883, 16, 677). Method (B), leading to 
3-phenylcinnoline-4-carboxylic acid, was encountered by Stollé and Becker (ibid., 1924, 57, 1123) in the course 
of an unsuccessful attempt to prepare N-aminoisatin. The third reaction (C) was recently discovered by 
Borsche and Herbert (Annalen, 1941, 546, 293) during a study of the reactions of o-bromoacetophenone. 
Substantially the same reaction was subsequently observed by Koelsch (J. Org. Chem., 1943, 8, 295) following 
the synthesis of ethyl 6-(2 : 6-dicarbethoxy-3-indolyl)propionate, which was converted into a cinnoline deriv- 
ative by the reactions shown in (D). Lastly, Pfannstiel and Janecke (Ber., 1942, 75, 1096) have found that 
5-chloro-4-hydroxy-3-phenylcinnoline (which they formulate as the isomeric cinnolone) is‘ formed in small 





[1945] Schofield and Simpson: Cinnolines. Part III. The Richter Reaction. 513 


yield (the main product being 4-chloroindazolone) when 6-chloro-2-hydrazinobenzoic acid is refluxed with 
benzaldehyde (reaction E), a synthesis which closely resembles the final stage of the Stollé~Becker reaction. 
It is noteworthy that, in each of the cases (B)—(E), the formation of the cinnoline was incidental to the main 
purpose of the investigation, and has merely been recorded without reference to any previous work. 


(A.) © wae —> ( Sgecon _, G0 ap Om Nc-co,H 


(I.) ae amis 


B,) (COCI), ‘al O 
(2. NH-N:ICHPh ———> co 


N-N:CHPh 


Co. OH 
z ™~ HNO,-H,SO,- 
(C.) NOC ne saa on BG 
ne AcOH N 
N 


CO 
NCHyCHy°CO,Et EtOHHSQ. | 
” BtO,C + BuONO 

NH-CO-CO,Et 


44 
ce esx 
aN YW \* 
(V.) (VIa.) (VIb.) 


The cursory details given in the literature for the preparation. of «$-dibromo-§-(2-nitrophenyl) propionic 
acid (I) arid o-nitrophenylpropiolic acid (II) were unsuitable for large-scale work, and conflicting statements 
have been made regarding the conversion of (III) into (IV; R=H). Thus Richter (loc. cit.) claimed a 
quantitative yield of (IV; R =H) from (III), whereas Busch and Klett (Ber., 1892, 25, 2847) found that 
Richter’s diazotisation conditions produced large amouats of 4-chlorocarbostyril, and even under modified 
conditions their yield of 4-hydroxycinnoline (V; R = OH) [obtained by decarboxylation of (IV; R = H)] 
was only 13% of that theoretically derivable from (II). After some experience, we devised conditions which 
consistently gave (V; R = OH) in 39% of the theoretical amount, based on (II) [31% based on (I)]. The 
conditions finally adopted for md decarboxylation of (IV; R = H), after trial of several methods, consisted in 
heating the acid in benzophenone, this rather unorthodox procedure being the outcome of an application of the 
findings of Ashworth, Daffern, and Hammick (J., 1939, 809) in an attempt to determine the fine structure of 
Richter’s acid. These authors consider that the ony facile decarboxylation of picolinic, quinaldinic, 


and isoquinaldinic acids is conditioned by the grouping -N:¢-CO,H peculiar to these compounds, and involves 
chelation followed by formation of cyclic ions of the type [=e ", the presence of such ions being demonstrated 


by their combination with aromatic aldehydes or ketones in situ to yield carbinols by an additive process 
analogous to cyanohydrin formation. In view of the extreme ease with which the acid (IV; R = H) loses 
carbon dioxide, it seemed possible that it, also, mjght have a structure (VIa or VIb; R = H) which would 
permit the formation of a cyclic cyanide ion. When, however, the acid was heated with benzophenone, there 
was no evidence of carbinol formation, the only isolable product being (V; R = on) in yields more consistent 
than those obtainable by other means. 

The acid (IV; R = H) cannot be esterified in alcoholic solution with either hydrogen chloride or concen- 
trated sulphuric acid. Treatment with ethereal diazomethane gave a mixture, from which a small yield of an 
ester—ether (VIb or IV; R = Me), m. p. 110°, was isolated. Attempts to make the 4-acetoxy-acid were un- 
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successful; the acid was slowly attacked by boiling acetic anhydride to yield 4-acetoxycinnoline (V; R = OAc), Fro! 
more conveniently obtained from 4-hydroxycinnoline and acetic anhydride either alone or in pyridine; treat- = 
ment of the hydroxy-acid with acetic anhydride in pyridine, on the other hand, leads to a complex reaction, 
details of which will be published later. - In agseement with the amphoteric nature of 4~-hydroxycinnoline noted 
by Richter (loc. cit.), we find that 4-hydroxycinnoline-3-carboxylic acid reacts with more than one equivalent 
of sodium hydroxide, but a sharp end-point cannot be obtained with phenolphthalein as indicator. The high 
m. p. (268°) of the acid and its insolubility in hydrocarbon solvents are suggestive of a “‘ zwitterion ”’ structure d 
[(VIIa) or (VIIb)]; the substance is probably best represented as a resonance hybrid involving hydrogen- " 
bonding of the unperturbed structures (VIIa) and (VIIb). (The reasons for selecting N,, rather than N,, as ru 
the salt-forming centre will be discussed in a subsequent paper.) sae 
It has recently been shown (Simpson, loc. cit.) that the success of the Widman-—Stoermer reaction depends 0 ft 
markedly on the extent and nature of the substitution on the «- and 8-carbon atoms of the relevant o-amino- pat 
2-ni 
ar 
bee! 
ve Kat 
4 that 
; arylethylenes, and therefore it was obviously of interest to determine whether the terminal carboxy] group of oe 
; the aminoacetylene is an analogous conditioning factor in the Richter synthesis. The cyclisation of the isdn 
: diazotised amine occurs gradually in hot acid solution, and may involve formation of the 4-chloro-acid, followed deh. 
‘ by hydrolysis (an alternative mechanism is discussed in Part IV), the initial polarisation therefore being prin 
8+ Cl OH (Wi 
pe OS cae Ce OD san ne 
i Aft . N q N ac 
y a N,Cl 3- ¥ X con 
are 
+ ; A similar polarisation of the acetylenic linkage is clearly involved in the cyclisation of o-formamidophenyl- 6 
* propiolic acid to 4-hydroxyquinoline-3-carboxylic acid (Camps, Ber., 1901, 34, 2703) : carb 
CO ie 7 OH met 
/\/ NE-co,H NaOH / \NcH,‘CO,H \co,H pee 
CHO] ——> CHO 9.8 8 a 
i -_ * 
NH + 
ae 7 CH 
From these reactions it might be argued that the direction of the electromeric shift is determined by the 
electron-attractive power of the terminal carboxyl group, and that in diazotised o-aminophenylacetylene 
the direction would therefore be reversed, particularly in view of the positive charge residing on the diazonium 
grouping. Diazotisation of o-aminophenylacetylene might thus be expected to lead to indazole-3-aldehyde : vi 
a | 
4 \ CSc » (cnet 4 \—fcHO pm 
WY \n,* Cl AG " H,O VAs subs 
. er iby 
Against this view, however, is the fact that phenyl- and o-aminophenyl-acetylene both yield the corresponding J mel 
acetophenone on hydration (Friedel and Balsohn, Bull. Soc. chim., 1881, 35, 54; Baeyer and Bloem, Ber,, m. : 
1884, 17, 963), and in these reactions the aryl group clearly functions as an electron source : odo 
, | Cx on | 
% =CH O-CH ~% 
r Ox° —> 6s ! this 
is wit] 
This tendency is even more clearly demonstrated by the work of Johnson, Jacobs, and Schwartz (J. Amer. Chem. & prey 
{ Soc., 1938, 60, 1885), who have shown that acetylenes of the type CH,-Ar-C=CAr’ on hydration yield one. 
1 exclusively benzylacetophenones, CH,Ar-CH,°COAr’, and none of the dibenzyl ketone CH,Ar-CO-CH,Ar’; 1... Bi 4-hy 
ib * rs P ‘xX m, 
: the proton mobility which might have been expected from analogy with arylacetonitriles, Ar-CH,-C—=N —~> re, 
i ee x a 
Of Ar-CH:C:NH, has been suppressed by the reverse change Ar-CH,-C=C:Ar’. Only when the acetylenic linkage hy 
BS is divectly attached to two competing aryl groups does the +/ (or E) effect of an o-substituent become the de- a , 
4H determining factor; e.g., 2: 4-dinitrotolan gives, as expected, 2 : 4-dinitrophenylacetophenone (Chem. Rev., a 
i 1938, 28, 247) : . 
4a latt 
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From these considerations we therefore anticipated that o-aminophenylacetylene should cyclise by the 


process : 
A: cl > = OH 
Ye > OQ OY 
N,* Cr | <* an 


and this was in fact found to be the case, 4-hydroxycinnoline being readily isolated. It therefore seems likely 
that a variety of 3-substituted 4-hydroxycinnolines could be prepared from suitably substituted o-nitro- 
phenylacetylenes. 

It was also of interest to ascertain the extent to which substitution in the nucleus affects the Richter reaction. 
Of the numerous substituted o-nitrobenzaldehydes which have been described, the majority are not very easily 
available; we therefore restricted our experiments to 6-nitropiperonal (Parijs, Rec. Trav. chim., 1930, 49, 18), 
2-nitro-5-methoxybenzaldehyde (Mason, J., 1925, 127, 1196), and 6-nitroveratraldehyde (Cassaday and Bogert, 
J. Amer. Chem. Soc., 1939, 61, 2461). The cinnamic acids corresponding to these aldehydes have already 
been described (Perkin, J., 1891, 59, 150; Chakravarti, Ganapati, and Aravamudhachari, J., 1938, 171; 
Kanevskaja, Schemjakin, and Bamdass-Schemjakina, Arch. Pharm., 1934, 272, 770), and it has now been found 
that bromination of these substances readily affords the corresponding «$-dibromo-B-arylpropionic acids, the 
first two of which on dehydrobromination pass into the related nitroarylpropiolic acids. Similar treatment 
of the veratryl acid, on the other hand, gave «(or 8)-bromo-8-(2-nitro-4 : 5-dimethoxyphenyl)acrylic acid. Argu- 
ment from analogy suggests the «-bromo-structure for this acid, since «-bromocinnamic acid is formed by 
dehydrobromination of cinnamic acid dibromide (Sudborough and Thompson, J., 1903, 83, 666). Such a 
structure is also consistent with the failure of the acid to yield a cinnoline after reduction and diazotisation 
(Widman—Stoermer reaction). Representation of the acid as a §-bromo-f-arylacrylic acid, on the other hand, 
would give rise to an amino-acid which is formally capable of undergoing the Widman-—Stoermer reaction, but the 
fact that this reaction does not occur cannot, per se, be used as evidence against this structure, as the limiting 
conditions of the reaction, so far as substitution on the «- and $-carbon atoms of the amino-ethylene is concerned, 
are not yet fully understood (Simpson, Joc. cit.). From the two propiolic acids mentioned above,4-hydroxy- 
6-methoxycinnoline-3-carboxylic acid (VIII; R=CO,H) and 4-hydroxy-6 : 7-methylenedioxycinnoline-3- 
carboxylic acid (IX; R = CO,H) were obtained in fair yield by reduction and diazotisation. 2-Nitro-5- 
methoxyphenylpropiolic acid underwent decarboxylation in boiling aqueous solution to 2-niivo-5-methoxy- 
phenylacetylene, which, analogously to o-nitrophenylacetylene, gave the expected 4-hydvoxy-6-methoxycinnoline 

(VIII; R=H) after reduction and diazotisation. 2-Nitro-4: 5- 

methylenedioxyphenylpropiolic acid was also decomposed in boiling aqueous 

solution, but no crystalline product could be isolated. The two cinnoline 

acids (VIII and IX; R = CO,H) were decarboxylated in benzophenone 

solution, yielding, respectively, 4-hydroxy-6-methoxycinnoline, identical 

(VIIL.) with the specimen referred to above, and 4-hydroxy-6 : 7-methylene- 

dioxycinnoline (IX; R =H). When heated alone, however, the acid 

(VIII; R= CO,H) gave an unexpected result, for whereas 4-hydroxycinnoline and 4-hydroxy-6: 7- 

methylenedioxycinnoline are the sole isolable products from the decarboxylation of the parent acids by either 

method, the reaction with the methoxy-acid is more complex. The least soluble product (in alcohol) was a 

substance, m. p. 313° (decomp.), of probable formula C,,H,,0O,N, or C,H,O,N,. Next to this in solubility was 

4-hydroxy-6-methoxycinnoline, the main product of the reaction, and the most soluble fractions formed a low- 

melting mixture, easily soluble in water, from which one-component was isolated in small yield as a picrate, 

m. p. 197°, of probable formula C,,H,,0,N,. The reaction was accompanied by the development of an 
odour of indole type—a further point of contrast to the decarboxylation of the unsubstituted acid. 

By the nitration of 4-hydroxycinnoline three isomeric mononitro-derivatives have been obtained, of which 
one, m. p. 331°, predominates; this was characterised as its 4-acetoxy-derivative, m. p. 148°. The m. p. of 
this nitrohydroxycinnoline, and the colour of its solution in aqueous sodium hydroxide, suggested its identity 
with the 6-nitro-4-hydroxycinnoline described by Borsche and Herbert (Joc. cit.), and a comparison of specimens 
prepared by each method, as well as of their acetoxy-derivatives, confirmed this. Of the remaining isomers, 
one, m. p. 185°, was unaffected by boiling acetic anhydride, and is therefore provisionally regarded as 5-nitro- 
t-hydroxycinnoline ; the other, m. p. 277°, is presumably the 8(or 7)-analogue. Representation of the substance, 
m. p. 185°, as 3-nitro-4-hydroxycinnoline, which superficially would appear to be an equally plausible altern- 
ative, seems to be excluded on grounds of analogy, Ashley, Perkin, and Robinson (J., 1930, 382) having found 
that 3-nitro-2 : 4-dihydroxyquinoline and its analogues are sterically unhindered and that they give, like 
2: 4-dihydroxyquinoline itself, monoacety] derivatives [the failure of these dihydroxy-compounds to acetylate 
in both positions is undoubtedly bound up with the difference in acidity between 4-hydroxyquinolines and 
carbostyrils, of which the former give a characteristic blood-red ferric reaction which is not shown by the 
latter (Camps, Joc. cit.)]. 

Of comparable nitrations in the heterocyclic field, that of kynurin, which would provide the closest analogy, 
does not appear to have been studied ; carbostyril gives 6-nitrocarbostyril (Friedlander and Lazarus, Annalen, 
1885, 229, 233: Decker, J. pr. Chem., 1901, 64, 85), and the same position is attacked in the nitration of 
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2-methyl- and 2: 3-dimethyl-4-quinazolone (Bogert and Cook, J. Amer. Chem. Soc., 1906, 28, 1449) and of 
“‘ benzoylene-urea ”’ (2 : 4-diketotetrahydroquinazoline; Bogert and Scatchard, ibid., 1919, 41, 2052). These 
reactions do not appear to have been studied with a view to isolating subsidiary products, and it is therefore 
premature to attempt to assess the theoretical significance of the side reactions encountered with 4-hydroxy- 
cinnoline. It is hoped to establish the structures of the isomers, m. p. 185° and 277°, by synthesis from 
appropriate aldehydes. Preliminary experiments in this direction had been started before the work of Borsche 
and Herbert came to our notice, the scheme then envisaged being to synthesise one and the same cinnoline 
analogue of phenanthroline both from the cinnoline and from the appropriate nitroquinoline aldehyde; e.g., 


i Q 

OH OCH, " Q 

a oe 
gn \e 7 ¥ KAA 
N N CH, N 

(X.) (XI) (XII.) (XIII) 

the structure (X) could theoretically be reached from 6-nitro-4-hydroxycinnoline and 6-nitro-5-formylquinoline 
via Skraup and Richter reactions, respectively. [Substances of type (X) would also be of interest in other 
connexions.] This method was, however, abandoned in view of practical difficulties on the quinoline side. 
Thus, it has been shown in at least one case, that of 5-nitro-6-methylquinoline (Bogert and Fisher, J. Amer.: 
Chem. Soc., 1912, 34, 1569), that the methyl group is highly resistant to oxidation, and it therefore seemed 
likely that the requisite nitroquinoline carboxylic acids would have to be made directly by the Skraup method. 
This reaction does not appear to have been tried with nitroaminobenzoic acids, and experiments with two 
suitably oriented acids (see Experimental) were not encouraging. Furthermore, Niemann and Hays have 
recently stated (ibid., 1943, 65, 482) that the Stevens-McFadyen aldehyde synthesis, which we had hoped to 
apply to the nitroquinoline acids, is inapplicable to o-nitro-acids, thus resembling the Sonn—Miiller and the 
Stephen method. 

Difficulties have also been encountered in the reduction of 6-nitro-4-hydroxycinnoline, and none of the 
methods so far tried has yielded an appreciable quantity of the corresponding amine. As this might be in part 
due to the difficulty of isolating an amphoteric substance, we examined the action of methyl sulphate on the 
nitro-compound. Under the usual alkaline conditions, this led, surprisingly, to extensive decomposition and 
formation of a tar, but by the action of excess of methyl sulphate on 6-nitro-4-hydroxycinnoline dissolved in 
the minimum of alkali an almost quantitative yield of crystalline methylated product was Secured. This 
proved to be a mixture of isomeric pale yellow and orange methyl ethers, m. p. 183° and 229°, respectively, 
of which the latter predominated. The deep colour of this substance suggested N- rather than O-methylation, 
and we therefore regarded the yellow and the orange compound as 6-nitro-4-methoxycinnoline (XI) and 6-nitro- 
1-methyl-4-cinnolone (XII), respectively. Methylation of 4-hydroxycinnoline, however, gave a colourless 
methyl ether, m. p. 165°, as almost the sole product of reaction; this was isomeric with the 4-methoxycinnoline 
(V; R= OMe), m. p. 128°, which resulted from the action of sodium methoxide on 4-chlorocinnoline (cf. 
Busch and Klett, Joc. cit.), and since O-methylation must unquestionably have occurred in the latter reaction, 
the isomer, m. p. 165°, must be 1-methyl-4-cinnolone (XII; H instead of NO,)> The complete lack of colour 
of this substance, together with the fact that in this case the reaction with methyl sulphate was effected under 
normal (i.e., alkaline) conditions, suggested that the orange nitro-ether, m. p. 229°, might have the nitronate 
structure (XIII). Further evidence in support of this view was obtained by the preparation of a third isomeric 
nitro-ether, m. p. 194°, by treatment of 4-chloro-6-nitrocinnoline with sodium methoxide;. this ether is 
undoubtedly 6-mnitro-4-methoxycinnoline (X1), and the isomers, m. p. 183° and 229°, are accordingly formulated 
as 6-niivo-1-methyl-4-cinnolone (XII), and the methyl nitronate (XIII). 


EXPERIMENTAL. 


(Melting points are uncorrected.) : 

4-Hydroxycinnoline-3-carboxylic acid.—It was possible to nitrate cinnamic acid by the normal method (Beilsteia, 
Vol. IX, p. 604) in 200-g. batches, but batches of 100 g. were found to be more convenient. Ethyl o-nitrocinnamate 
(50 g., m. p. within the range 35—42°) was hydrolysed by boiling it for 15 minutes with a mixture of equal volumes of 
water, acetic acid, and concentrated sulphuric acid (250 c.c.); the crude acid was digested with alcohol and then had 
m. p. 238°. The acid (50 g.) was refluxed very gently for 4 hour with a solution of bromine in acetic acid (200 c.c. of 
30% by weight). Dilution with an equal volume of water gave 72 g. of crude o-nitrophenyldibromopropionic acid, 
m. p. 165—170°, which after one crystallisation from acetic acid (120 c.c.) formed dense, yellow needles, m. p. 184—186° 
(decomp.) (52 g.,57%). A sample, after two further crystallisations from acetic acid, had m. p. 185—186° (Baeyer, Ber., 
1880, 13, 2257, gives m. p. 180°) (Found: C, 30-35; H, 2-2; Br, 44-75. Calc. for C,H,O,NBr,: C, 30-6; H, 2-0; Br, 
45-3%). A solution of the dibromo-acid (50 g.) in 10% sodium hydroxide solution (300 c.c.) was left for 10 hours at room 
temperature and then poured into 2n-nitric acid (500 c.c.). The crude o-nitrophenylpropiolic acid, after thorough 
washing and drying in an exhausted desiccator, had m. p. 145—146° (decomp.), raised to 161—163° (decomp.) by digestion 
with three 100-c.c. portions of boiling chloroform (yield, 22 g. or 79%). For analysis a portion was crystallised from hot 
water, from which it separated in fine colourless needles, m. p. 166—167° (decomp.) (Baeyer, Joc. cit., gives m. p. 155— 
156°) (Found: C, 55-6; H, 2-95; N, 7-5. Calc. for C,H,0O,N: C, 56-5; H, 2-6; N, 7-°3%). The acid (20 g.) in water 
(60 c.c.) and aqueous ammonia (9 c.c., d 0-880) was added with shaking during 15 minutes to a mixture prepared from 
ferrous sulphate crystals (220 g.), water (440 c.c.), and aqueous ammonia (110 c.c., d 0-880). After } hour, with occasional 
shaking but no external cooling, the suspension was filtered, the residue washed, and the combined filtrates treated with 
ammonium acetate (60 g.) and made faintly acid with acetic acid. The solution was cooled to 0° by addition of crushed 





[1945] Schofield and Simpson: Cinnolines. Part III. The Richter Reaction. 517 


ice, and then made acid to Congo-red with concentrated hydrochloric acid (70—80 c.c.); at this stage, separation of the 
amino-acid sometimes commenced. More hydrochloric acid (20 c.c., 2N) was immediately added, and the turbid solution 
diazotised with 20% aqueous sodium nitrite, after which it was kept at 70°. The cinnoline acid separated during ? hour 
as a dark brown, granular solid, m. p. 260—265° (yield about 12-5 g. from either crude nitrophenylpropiolic acid or material 
purified by chloroform digestion). After two crystallisations from acetic acid, the acid formed a mixture of almost 
colourless, fine silky needles and light brown, compact, prismatic needles, m.*p. 268—268-5° (decomp.), as described by 
Richter (loc. cit.), who gives m. p. 260—265° (Found : C, 57-3; H, 3-15; N, 14-5. Calc. forC,H,O,N,: C, 56-8; H, 3-2; 
N, 14:7%). 

A a of the foregoing acid (0-5 g.) in excess of ethereal diazomethane gave a play of colours (green —-> 
blue ——> red), changing to brown on standing over-night. The solution was filtered from amorphous material (A), 
the solvent removed, and the brown oily residue dissolved in benzene-ligroin (b. p. 40—60°). After two months the 
solution crystallised; the first crop (m. p. 115—128°) was removed, whereupon a second crop was quickly deposited ; 
two crystallisations of this from benzene-ligroin gave yellow needles, m. p. 109—110° (40 mg.) of the ester—ether (Found : 
C, 61:15; H, 4°85; N, 13-1; OMe, 16-75. C,,H,9O,N, requires C, 60-55; H, 4-6; N, 12-8; OMe, 14-2%). Extraction 
of (A) with benzene left a deep blue residue, m. p. 148—150°, which has not been investigated. 

4-Hydvoxycinnoline.—(a) A mixture of 4-hydroxycinnoline-3-carboxylic acid (10 g.) and benzophenone (50 g.) was 
heated at 205—210° (oil-bath) for 2} hours. The tooled mass was then broken up, warmed with ether (150 c.c.), and the 
whole extracted with 5n-hydrochloric acid (4 x 50c.c.). The filtered acid extracts were concentrated on the steam-bath 
to 20 c.c., whereupon 4-hydroxycinnoline hydrochloride separated, m. p. 205—207° after crystallisation from concen- 
trated hydrochloric acid; the salt is very easily hydrolysed. For preparative purposes, the hydrochloride was not 
isolated, but hydrolysed by treatment of its warm solution in hydrochloric acid with sodium acetate solution; 
4-hydroxycinnoline (about 5 g.) was thus obtained as a light fawn solid, which after crystallisation from glacial or aqueous 
acetic acid formed slightly discoloured leaflets or small needles, m. p. 233-5—234° (lit. 225°) (Found: C, 65-5; H, 4-1; 
N, 18-6. Calc. forC,H,ON,: C, 65-75; H, 4:1; N,19-2%). Variable yields of 4-hydroxycinnoline were obtained when 
the acid was heated alone. Heating the acid dispersed in medicinal paraffin gave unsatisfactory results. No crystalline 
product could be isolated when the acid was heated in quinoline. 

(b) o-Nitrophenylpropiolic acid (1 part, purified by digestion with chloroform) was refluxed with water (160 parts) 
for 20 hours, giving o-nitrophenylacetylene in 66% yield (compare Kippenberg, Ber., 1897, 30, 1130). The compound 
is very volatile in steam, and was washed out periodically from the condenser by means of ether. It has a pronounced 
but not unpleasant smell, and crystallises very readily from aqueous alcohol in long, colourless needles, m. p. 81—82° 
(lit. 8I—82°). It (1-5 g.) was reduced with zinc dust and ammonium hydroxide according to Baeyer and Bloem (loc. cit.), 
after which the reaction mixture was extracted with ether (40 c.c.). The ethereal solution was extracted with several 
portions (40 c.c. in all) of 2N-hydrochloric acid; the acid extract was then cooled to 2—3° and treated with aqueous sodium 
nitrite (6-3 c.c.0f 5%). Half of the solution so obtained was heated at 70° for 1 hour (a pungent phenolic smell developed) 
and then extracted with ether. This extract gave 90 mg., and the aqueous solution, after concentration, a further 
170 mg., of 4-hydroxycinnoline, m. p. 225—227°. Each crop wasidentified by mixed m. p. with authentic material, and by 
conversion into 4-acetoxycinnoline (q.v.), m. p. and mixed m. p. 128—130°. The remainder of the diazotised solution 
was left at room temperature for a week; it then gave a negative coupling reaction with f-naphthol, and yielded 
4-hydroxycinnoline when worked up as described above. 

4-Acetoxycinnoline.—This substance was prepared by refluxing 4-hydroxycinnoline (1 part) with acetic anhydride 
(3 parts); it separated from slightly aqueous alcohol in fawn needles, m. p. 127—-128° (Found: C, 64-15; H, 4-65; N, 
15-0. CygH,O,N, requires C, 63-8; H, 4-3; N, 14-9%). 

4-Methoxycinnoline.—A solution of 4-chlorocinnoline (0-5 g.; Busch and ‘Klett, Joc. cit.) in absolute methanol (5 c.c.) 
was added to one of sodium methoxide (0-25 g.) in methanol (15 c.c.), and the whole refluxed for 1 hour. After 2 hours 
at room temperature, water was added (15 c.c.), and most of the alcohol removed on the steam-bath. The resultant 
suspension of crystalline material was extracted with ether, the dried and evaporated extract yielding 4-methoxycinnoline 
(330 mg.), very sparingly soluble in water, slightly soluble in ligroin, and very easily soluble in alcohol. The substance 
formed colourless needles from ether-ligroin, m. p. 127—128° to a green melt which quickly turned red (Found : C, 67-2; 
H, 5-0. C,H,ON, requires C, 67-5; H, 5-0%). 

4-Ethoxycinnoline.—This was prepared in a similar manner (0-5 g. of 4-chlorocinnoline in 5 c.c. of absolute alcohol 
added to a solution of 0-1 g. of sodium in 15 c.c. of alcohol); 0-44 g. of crude ether, m. p. 100—101°, was obtained. It 
crystallised from ligroin in long, silky, colourless needles, m. p. 101—102° to a colourless liquid (Busch and Klett, loc. cit., 
give m. p. 106°) (Found: C, 68-75; H, 5-5. Calc. for CysyH,ON,: C, 69-0; H, 5-75%). 

1-Methyl-4-cinnolone.—A solution of 4-hydroxycinnoline (0-5 g.) in 20% aqueous potassium hydroxide (12 c.c.) was 
treated at 50° with methyl sulphate (0-5 g.). The temperature was raised to 70°, and a further 0-5 c.c. of potassium 
hydroxide solution added. After 10 minutes, more alkali ([c.c.) was added, and the cooled solution extracted with 
chloroform (50 c.c. in all). The extract was dried (sodium sulphate) and evaporated, and the residue (0-5 g.) repeatedly 
digested with ether (5 x 10c.c.). The material so obtained (320 mg., m. p. 160—163°) was crystallised from chloroform— 
ether, yielding dull fawn needles of 1-methyl-4-cinnolone, m. p. 165—166-5° (Found: C, 63-9; H, 5°25. C,H,ON,,4H,O 
tequires C, 63-9; H, 5-3%). 

6-Nitro-4-hydroxycinnoline—(a) 4-Hydroxycinnoline (8 g.) was added during } hour to a mixture of nitric acid 
(16 c.c., d 1-48) and concentrated sulphuric acid (13 c.c.) with stirring at 30°. After a further 4 hours, the solution was 
poured into water, and the precipitated solid crystallised from acetic acid (450 c.c.), giving 4-65 g. (44%) of dense red- 
brown prismatic needles, m. p. 327—329°. A further crystallisation gave the pure 6-nitro-compound, m. p. 330—331° 
alone and when mixed with a sample of the same m. p. prepared from 5-nitro-2-aminoacetophenone by the method of 
Borsche and Herbert (Joc. cit.) (Found: C, 49-2; H, 2-95; N, 21-3. Calc. for C,H,O,N,: C, 50-3; H, 2-6; N, 22-0%). 
Acetylation of each sample (acetic anhydride under reflux) gave 6-nitro-4-acetoxycinnoline, which separated from alcohol 
in almost colourless plates (sometimes mixed with discoloured needles), m. p. 147—148° (Found: C, 51-55; H, 3-2; 
N, 18-2. C, 9H,O,N, requires C, 51-5; H, 3-0; N, 18-0%). 

(b) 4-Hydroxycinnoline (2 g.) was added in one portion to nitric acid (6 c.c., d.1-48) ; the temperature of the resultant 
solution rose to 50°, and was maintained at 50—53° for 3 hours. On pouring into water (20 c.c.), 1-65 g. of mixed nitro- 
compounds were precipitated. This material was dried, digested with boiling benzene-alcohoi (1 : 1, 20 c.c.), and filtered 
after 24 hours at room temperature. The resultant solid (1-35 g., m. p. 288—293°) was extracted with boiling acetic acid 
(50 c.c.), and the insoluble fraction recrystallised from thore of the same solvent, giving 0-55 g., m. p. 329—331° alone 
and when mixed with the sample prepared as in (a). The acetic acid extract was filtered cold (filtrate A), and the 
product (0-57 g.) digested with benzene-alcohol, yielding a further 0-27 g. of almost pure material, m. p. 326—320°. 
6-Nitro-4-hydroxycinnoline forms hard brown needles, which powder to a light yellow solid; it is soluble in aqueous 
_— epee and sodium hydroxide, moderately soluble in hot acetic acid, and practically insoluble in benzene, alcohol, 
acetone, and ether. 


5-Nitro-4-hydroxycinnoline.—The acetic acid filtrate (750 c.c.) from the recrystallisation. of crude 6-nitro-4-hydroxy- 
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cinnoline [prepared by method (a) above] was evaporated to dryness, and the resultant solid (2-3 g., m. p. 165—250°) 
digested with boiling acetone (100 c.c.); 0-33 g. of 6-nitro-4-hydroxycinnoline remained undissolved,/and the filtrate on 
standing deposited dense brown prisms (B), m. p. 178—200° (0-77 g.), and, on concentration, a second crop (C), m. p, 
165—177° (1-05 g.). A solution of (B) in acetone (50 c.c.) yielded, first, a mixture (0-25 g., m. p. 178—200°), followed by 
light yellow needles (0-3 g., m. p. 178—180°), which on repeated crystallisation from alcohol gave 5-nitro-4-hydroxy- 
cinnoline, m. p. 184—186°. This substance is soluble in sodium carbonate and sodium hydroxide solutions, and 
moderately soluble in hot acetone and alcohol; it separated from the latter as a mixture of yellow needles and tablets 
(Found: N, 21-9%). A solution of (C) in acetone (40 c.c.) gave a further 0-5 g. of the 5-nitro-compound.as the least 
soluble fraction, and, after concentration, a small fraction (90 mg.) which after crystallisation melted at 275—280° (after 
considerable previous softening) alone and when mixed with 8(or 7)-nitro-4-hydroxycinnoline (q.v.). _5-Nitro-4-hydroxy- 
cinnoline was quantitatively recovered after it had been refluxed with acetic anhydride, thus affording additional evidence 
of homogeneity. 

8(or 7)-Nitro-4-hydroxycinnoline.—The benzene-alcohol mother-liquors from 6-nitro-4-hydroxycinnoline [experiment 
(b)] were combined with the acetic acid filtrate (A), the solvent removed, and the residual solid digested with acetone 
(30 c.c.) and filtered from a little crude 6-nitro-compound. The acetone filtrate was concentrated until it crystallised in 
the hot, yielding 0-23 g. of a solid, m. p. 269—272°, which, after several crystallisations from alcohol, gave 8(or 7)-niiro- 
4-hydvroxycinnoline as soft, light brown needles, m. p. 276-5—277-5% easily soluble in hot alcohol (Found: C, 49-75; 
H, 2-95; N, 21-05%). 

4-Chloro-6-nitrocinnoline.—6-Nitro-4-hydroxycinnoline (2 g.) was added to a mixture of phosphorus pentachloride 
(4 g.) and oxychloride (6 g.), and the whole heated at 95° for 1 hour. The product was poured on ice, just basified with 
sodium hydroxide solution, and extracted with ether. Concentration of the dried (sodium sulphate) extract gave 1-72 g. 
of lustrous, ginger-coloured plates, m. p. 135—-137°. As this highly reactive substance decomposed rapidly on keeping 
for a few hours, it was not analysed, but was characterised by conversion into the 6-nitro-4-anilino-derivative; the chloro- 
compound (0-2 g.) was heated at 95° for ? hour with aniline (2 c.c.), and the resultant solid collected and combined with 
a further crop obtained by dilution of the filtrate with ether. After crystallisation from weakly ammoniacal alcohol and 
then from aqueous alcohol, the substance formed silky, deep orange needles, m. p. 228-5—229-5°, which showed a 
characteristic lag in crystallising (Found : C, 63-15; H, 3-8; N, 21-35. C,,H,,O,N, requires C, 63-2; H, 3:8; N, 21-05%). 

6-Nitro-4-methoxycinnoline.—A solution of 6-nitro-4-chlorocinnoline (1-3 g.) in benzene (25 c.c.) was added to one 
of sodium methoxide (0-69 g.) in dry methanol (10 c.c.). Solid quickly separated from the deep red solution, and after 
standing for 2 days with occasional shaking, the whole was diluted with water, acidified with acetic acid, and extracted 
with ether. The extract was washed with sodium carbonate solution (60 c.c., 2N) and a little water, and the washings 
added to the aqueous layer, which contained much suspended solid. This suspension was made strongly alkaline with 
sodium hydroxide solution, and the remaining solid collected (0-21 g., m. p. 191—193°). Acidification of the filtrate with 
acetic acid precipitated 0-6 g. of 6-nitro-4-hydroxycinnoline, m. p. 319—323° alone and mixed with an authentic specimen. 
The concentrated ethereal extract gave 0-23 g. of yellow prismatic needles, which after one crystallisation from alcohol 
had m. p. 186—188° and gave no depression with the alkali-insoluble material, m. p. 191—193°. Both crops were 
combined and crystallised thrice from alcohol, yielding dull yellow needles of 6-nitro-4-methoxycinnoline, m. p. 194— 
194-5° (Found: C, 52-1; H, 3-7. C,H,O,N, requires C, 52-7; H, 3-4%). 

Methylation. This nitro-compound (1 g.) was dissolved in the minimum (3-04 c.c.) of 2% aqueous potassium hydroxide 
and warmed to 50°; methyl sulphate (0-5 c.c.) was added, and the mixture stirred briskly. A yellow solid separated, 
which was filtered cold after a few minutes. This product (0-87 g., m. p. 171—176°) was crystallised from alcohol (25 c.c.), 
and after two further crystallisations the substance (XIII) separated in orange flakes, m. p. 228—229°, unchanged by 
digestion with ether and further crystallisation from alcohol (Found: C, 52-65; H, 3-65. C,H,O,N, requires C, 52:7; 
H, 3-4%). Concentration of the original alcoholic filtrate gave 0-21 g. of a light yellow solid, from which, after four further 
crystallisations, 6-nitro-l-methyl-4-cinnolone was obtained as silky, mustard-yellow needles, m. p. 183—183-5° (168—169° 
when mixed with 6-nitro-4-methoxycinnoline) (Found: C, 52-8; H, 3-5%). Methylation on a larger scale gave, in 
addition to these two ethers, material not identical with either but which has not yet been obtained pure. 

Reduction of 6-Nitro-4-hydroxycinnoline.—(a) Iron powder (0-5 g.) was added in four portions at 5-minute intervals 
to a refluxing suspension of the nitro-cinnoline (0-5 g.) in a mixture of methylated spirit and concentrated hydrochloric 
acid (25:1, 5-5c.c.). After being refluxed for 2 hours, the filtered solution was concentrated, yielding 80 mg. of a crystal- 
line solid, which after repeated crystallisation from hot water gave yellow needles of, apparently, somewhat impure 
6-amino-4-hydroxycinnoline, m. p. 269—270° (Found: C, 58-55; H, 4-55; N, 26-1. C,H,ON, requires C, 59-6; H, 4-4; 
N, 26-1%). No further organic material could be isolated. 

(b) A solution of the nitro-compound (1-5 g.) in glacial acetic acid (200 c.c.) was treated at 90—95° with iron powder 
(2-3 g., added during 1 hour with frequent shaking) ; additions of water (10, 20, 20 c.c.) were made at intervals of 20, 60, 
and 90 minutes from the start of the reaction. After 2} hours the mixture was largely diluted with water and extracted 
with ether (extract A). This extract was filtered, washed with sodium carbonate solution, dried, and evaporated, giving 
0-39 g. of a mixture from which, as sole isolable product, a water-soluble substance (70 mg., m. p. 288—291°) was obtained, 
apparently different from the amine obtained in (a); it was not investigated further. Re-extraction with ether of the 
combined aqueous solution and sodium carbonate washings from extract (A), after basification with ammonia, gave 
only 50.mg. of solid, m. p. 288—303°. The aqueous ammoniacal solution was then evaporated to dryness, and the 
thoroughly dry residue refluxed with acetic anhydride (5 c.c.) for $ hour. Water was then added, and the ‘insoluble 
fraction (0-27 g.) crystallised twice from acetic acid, yielding a substance which formed rosettes of white prisms, m. Pp. 
328—329° [Found : C, 57-55; H, 5-05. C,H,O,N, requires C, 59-1; H, 45% (monoacetyl derivative). C,,H,,0;Ns 
requires C, 58-75; H, 4-5% (diacetyl derivative) ]. ; 

4-Hydroxy-6-methoxycinnoline-3-carboxylic Acid.—2-Nitro-5-methoxycinnamic acid (25 g.), m. p. 227° (lit., 227°), 
was heated at 95° for } hour with a solution of bromine in glacial acetic acid (75 c.c. of 30% by weight). After addition 
of water (60 c.c.), the crude solid was collected, dried, and purified by extraction with benzene (8 x 100 c.c.); the 
filtered extracts were concentrated to 400 c.c., giving 22 g. (51%) of brown prismatic needles of B-(2-nitro-5-methoxy- 
phenyl)-aB-dibromopropionic acid, m. p. 150—155° (decomp.), sufficiently pure for the next stage. In the preparation 
of an analytical specimen, alcohol was used at one stage of the purification, and, after further crystallisations from 
benzene, light yellow, solvated prisms were obtained, m. p. 156—157° (decomp.) (Found: C, 32-95; H, 3:15. 
C,gH,O,NBr,,4C,H,OH requires C, 32-5; H, 30%). 

A solution of the foregoing acid (20 g.) in aqueous sodium Itydroxide (400 c.c. of 10% and 300 c.c. of water) was left 
at 5° for 14 hours and then poured into 2n-nitric acid (500 c.c.). The crude 2-nitro-5-methoxyphenylpropiolic acid so 
obtained (8—9 g.) had m. p. 144° (decomp.), and after several crystallisations from benzene, in which it is somewhat 
eee. soluble, formed small colourless needles, m. p. 155-5° (decomp.) [Found (mean of two analyses): C, 53:3; 

, 3:5. CyH,O,N requires C, 54-3; H, 3-2%]. The acid is easily soluble in alcohol. 
The propiolic acid (10 g.) was dissolved in concentrated aqueous ammonia (15 c.c.) and water (70 c.c.), and the solution 
was added during } sour with continuous shaking to ferrous hydroxide (from ferrous sulphate, 100 g.; water, 200 c.c.; 
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yielding prismatic needles (0-93 g.) of the dibromo-acid, which had m. p. 135—138°, followed by solidification and remelt- 
ing at 160—163° (decomp.). After further crystallisation from benzene the substance formed lustrous, light yellow 
prisms, m. p. 172—173° (decomp.) after being dried for 7 hours at 65° and 0-03 mm, (Found: C, 32-05; H, 2-55, 
C,,H,,0,NBr, requires C, 32-0; H, 27%). The residue from the above benzene extraction was crystallised from 50% 
aqueous alcohol; light brown prismatic needles separated, m. p. 112—114° followed by solidification and remelting at 
160—163° (decomp.) (0-94 g.). Two further crystallisations from aqueous alcohol gave light yellow needles, m. p. 154— 
156° (decomp.) after being dried for 10 hours at 65° and 0-05 mm. (Found: C, 32-0; H, 275%). Neither this sample 
nor that obtained from benzene gave a satisfactory bromine determination (Found: Br, 34-0 and 35-75, respectively. 
C,,H,,O,NBr, requires Br, 38-7%). 

Preliminary experiments showed that each form of the above dibromo-acid gave the same substance'on dehydro- 
bromination. The crude acid (5-5 g.) was accordingly dissolved in sodium hydroxide solution (83 c.c. of 10%) and water 
(108 c.c.). After 12 hours at room temperature the solution was worked up as described for previous cases. The crude 
product (3-75 g.) was crystallised repeatedly from alcohol, from which a(or B)-bromo-B-(2-nttro-4 : 5-dimethoxyphenyl)- 
acrylic acid crystallised in fern-like clusters of mustard-yellow needles, m. p. 215—217° (Found: C, 39-6; H, 3-3; Br, 
24-0. C,,H,,0,NBr requires C, 39-8; H, 3-0; Br, 24-1%). 

Skraup Reactions with Nitro-aminobenzoic Acids.—(a) 2-Nitro-3-aminobenzoic acid was prepared by nitration 
of m-acetamidobenzoic acid according to Kaiser (Ber., 1885, 18, 2942; see also English, e¢ al., J. Amer. Chem. Soc., 1945, 
67, 300), 90 g. giving 95 g. of mixed nitro-acids containing 2-nitro-3-acetamidobenzoic acid as major product; this was 
obtained fairly pure by way of the barium salt as described: by Kaiser, and final purification of the acid (53 g.) was most 
easily effected by successive extractions with portions of boiling water, the pure acid [26 g., m. p. 240—242° (decomp,) 
(lit., 240—241°)] separating from each extract except the first. Hydrolysis with 10% aqueous baryta (20 vols.) gave the 
amino-acid, which formed long, hard, orange-yellow needles, m. p. 154—156° (lit., 156—157°). The Skraup reaction 
(2-5 g. of acid, 2 g. of arsenic acid, 0-2 g. of ferrous sulphate, 4-2 g. of glycerol, and 4 g. of concentrated sulphuric acid) 
set in at 145—150°. The product obtained after 24 hours at 150° was a black intractable amphoteric mass, from which 
no crystalline material could be obtained. 

(6) The oxidation of 2-nitro-4-acetotoluidide to 2-nitro-4-acetamidobenzoic acid is mentioned by Bogert and Kropf 
(J. Amer. Chem. Soc., 1909, 31, 841) without experimental detail. The following procedure gave satisfactory results. 
To a boiling suspension of the toluidide (50 g.) in water (2-5 1.), together with magnesium sulphate (40 g.), was added 
(during 14 hrs.) a mixture of potassium permanganate (120 g.) and magnesium sulphate (40 g.). After filtration and 
thorough washing of the sludge, unoxidised material (6 g.) was recovered from the filtrate; the crude acid obtained on 
acidification was purified by digestion with alcohol, giving 28 g. of 2-nitro-4-acetamidobenzoic acid, m. p. 217—220° 
(efferv.) [lit., 219° (corr.)]. Hydrolysis with 10% aqueous potassium hydroxide (20 vols.) gave brown, prismatic needles, 
m. p. 244—245° (decomp.) [lit., 239-5° (corr.)], of the amino-acid after crystallisation from aqueous alcohol. In the 
Skraup reaction (quantities as above), considerable gassing occurred (140°) before the reaction proper set in at 155—160°. 
The product was a basic oil devoid of acid properties, which gave a solid mixture of, presumably, 5- and 7-nitroquinoline; 
from this mixture two apparently pure picrates, m. p. 244—245° and 201—-203°, were obtained but not investigated. 
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132. Cinnolines. Part IV. The Preparation of 4-Hydroxycinnolines, and the 
Mechanism of Cinnoline Syntheses. 


By K. ScHOFIELD and J. C. E. Simpson. 


A simple method for the preparation of Ar-substituted 4-hydroxycinnolines consists in the diazotisation 
ef appropriate o-aminoacetophenones. ‘The limitations of this reaction are discussed, and a mechanism is 
advanced which correlates this reaction with two other methods of cinnoline synthesis previously studied 
(Widman-—Stoermer and Richter reactions). 


In the preceding paper we referred to the conversion of 5-nitro-2-aminoacetophenone into 6-nitro-4-hydroxy- 
cinnoline (IV; R = NO,) (Borsche and Herbert, Annalen, 1941, 546, 293) and to that of the indole (I) via the 
amine (II) into the cinnoline (III) (Koelsch, J. Org. Chem., 1943, 8, 295). These observations, apparently 
more or less fortuitous, suggested that the diazotisation of o-amino-ketones of the general formula 
o-NH,°C,H,-CO-CH,R might offer a simple and general route to 4-hydroxycinnolines. Within limits, this has 
proved to be the case. A convenient starting point is acetophenone, from which 6- and 8-chloro- (IV and V; 
R = Cl), 6- and 8-bromo- (IV and V; R= Br), 6-cyano- (IV; R = CN), and 6-nitro-4-hydroxycinnoline 
(IV; R = NO,) have been prepared by way of the appropriate o-aminoacetophenones (in the press). The 
diazotisation of 5-bromo-2-aminoacetophenone was carried out by Gibson aid Levin (J., 1931, 2388), who, in 
preparing the derived arsonic acid by the Bart reaction, isolated as a by-product an arsenic-free substance, 
m. p. 278°, which, on the basis of elementary analysis, they formulated as 5-bromo-2-nitrosoaminoaceto- 
phenone or 5-bromo-2-amino-oximinoacetophenone. In our experience, cyclisation of the diazotised amine 
to the cinnoline proceeds so smoothly on heating that there can be little doubt that Gibson and Levin’s sub- 
stance is actually 6-bromo-4-hydroxycinnoline (m. p. 277°), in spite of the discrepancy in analytical data. 
We have also begun experiments to extend the reaction to the preparation of 3-substituted 4-hydroxy- 
cinnolines, and have found that 8-(6-aminoveratroyl)propionic acid readily yields 4-hydroxy-6 : 7-dimethoxy- 
cinnoline-3-acetic acid (V1; R = H), which is also obtained, together with a small yield of the ethyl ester (VI; 
R = Et) by diazotisation of ethyl §-(6-aminoveratroyl)propionate. In connexion with this aspect of our work, 
it is of interest that de Diesbach and Klement (Helv. Chim. Acta, 1941, 24, 158) have stated that diazotisatio 
of w-anilino-o-aminoacetophenone, followed by treatment with alkali, produces a substance, m. p. 283°, © 
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unknown structure, of which the analysis indicates the formula C,,H,,ON;. We believe that de Diesbach 
and Klement’s compound is 4-hydroxy-3-anilinocinnoline, and we are now investigating this reaction and 
also the diazotisation of other terminally-substituted o-aminoacetophenones. 
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The yields of the cinholines (IV, V, and VI) are in general high (70—90%), and the method is undoubtedly 
the best yet available for the preparation of 4-hydroxycinnolines. Negative results, however, were obtained 
with o : w- (Gabriel and Gerhard, Ber., 1921; 54, 1067) and 2 : 3-diaminoacetophenone, with 2-amino-3-methoxy- 
acetophenone (in the press), and with 6-aminoacetoveratrone,* the products, after heating, being non- 
crystalline and partly phenolic. o-Aminoacetophenone proved to be a borderline case, giving much phenolic 


































ich foil and about 10% of 4-hydroxycinnoline. 

F We have not yet sufficient evidence to state with certainty what are the conditions governing the success or 
.% otherwise of this reaction, but we believe that the weakness of the ketonic base may be one factor which in- 
ded [B fluences it favourably. The 3- and 5-substituted aminoacetophenones which undergo the reaction should, on 
and [theoretical grounds, be weaker bases than those which were found to give negative results [e.g., p-chloroaniline 
Je has K, (at 25°) 28-8 x 10-%*, as compared with the value for aniline of 126 x 10- (Bennett, Brooks, and 
les, Classtone, J., 1935, 1821], and, of the bases in the latter category, 2-amino-3-methoxyacetophenone and 
the [§ 6-aminoacetoveratrone are much more soluble (qualitatively) in dilute hydrochloric acid than the halogeno- 
60°. i aminoacetophenones, and 5-nitro-2-aminoacetophenone, as might be expected, separates largely, if not entirely, 
line; 2s the free base on dilution of a strongly acid solution. It is therefore evident that, ceteris paribus, the more 

reactive is the diazonium kation, the more readily does cinnoline formation occur. 
ther A second controlling factor in the reaction is probably the ease with which enolisation of the ketonic side 
‘tion chain takes place. In the cases under consideration (3- and 5-substituted 2-aminoacetophenones) it is unlikely 
that the variability of this factor is of primary importance, because the substituents are not suitably placed 
5.] for the operation of a ‘‘ T”’ effect. We are investigating the influence of 4-substituents in this connexion. 
The question of whether enolisation of the ketonic side chain is a necessary prelude to cyclisation is of 
considerable theoretical interest ; the speculation that such a step is involved is an attractive one, as it would 
he enable both the present reaction and the Richter synthesis (preceding paper) to be correlated with the Widman-— 
Stoermer reaction (Simpson, J., 1943, 447, and references there given). We have suggested (loc. cit.) that the 
formation of 4-hydroxycinnoline-3-carboxylic acid (VIII; R = H) by diazotisation of o-aminophenylpropiolic 
acid (VII; R =H) in dilute hydrochloric acid may involve intermediate formation of the 4-chloro-acid, 
. because 4-chlorocinnoline contains a highly reactive halogen atom (Busch and Klett, Ber., 1892, 25, 2847, and 
s unpublished work by us). The other obvious mechanism, involving hydration of the acetylenic linkage, is 
d improbable, because, apart from other reasons discussed below, such hydrations usually require catalytic stimulus 
and a strongly acid medium (compare, e.g., Johnson, Jacobs, and Schwarz, J. Amer. Chem. Soc., 1938, 60, 
roxy- (g/885); but a process involving intramolecular co-ordination of the diazonium kation with the anionoid carbon 
ia the (etom, followed by addition of hydroxy] ion, as shown in (VIIa; R = H), could well take place in dilute acid 
rently §Plution. [The argument that the polarisation of the acetylenic bond in (VIIa) is in the direction shown has 
rmula §teady been outlined by us (loc. cit.).] We have obtained support for this mechanism by the observation that 
is has (@lazotisation of (VII; R = H) in dilute sulphuric acid gives (VIII;, R = H) in the same yield as when dilute 
nd V; @ydrochloric acid is used. Furthermore, this mechanism seems to be the only feasible explanation of the 
noline (Pduction of the 6-methoxy-acid (VIII; R = OMe) by the Richter synthesis, because, although the corres- 

The (ponding 4-chloro-acid has not been prepared, the chlorine atom of 4-chloro-6-methoxycinnoline is compar- 
ho, in tively highly resistant (unpublished), thus rendering the intermediate formation of the 4-chloro-acid and its 
tance, @eubsequent hydrolysis an unlikely contingency. 


OH 





OH 
cco \eco,H — (‘c0,8 4+HX 
N,x- H 
(VII.) (Via.) (VIII) 


* This constitution has been ascribed to two different substances (Lawson, Perkin, and Robinson, J., 1924, 195, 
“; Mannich and Berger, Arch. Pharm., 1939, 277, 117). The matter has been clarified in our laboratory and also at 
miord (private communication from Sir Robert Robinson), and the relevant evidence will be published shortly. 
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If, as we believe, the Richter synthesis, the Widman-—Stoermer reaction, and the production of cinnoling 
from diazotised o-aminoacetophenones are essentially manifestations of the same fundamental process, the 
our experimental results with the Richter reaction can be explained in terms of the mechanism illustrate 
above, but not by a process involving an intermediate, but completed, hydration of the acetylenic linkag 
(i.e., co-ordination of a proton with the anionoid carbon followed by eventual loss of HX). The reasons agains 
such a mechanism are twofold. First, the mechanism would require that hydration of the acetylenic linkage 
should be much more rapid than diazotisation; if this were not so, and the two reactions were to occur a 
comparable rates, then the electromer (VIIa) would be present at some stage, and the mechanism woul 
become identical with that discussed above. Therefore, ex hypothesi, o-aminobenzoylacetic acid would of neces. 
sity be an intermediate in the “‘ completed hydration ’’ mechanism, and since all attempts to prepare this 
substance, or even its ethyl ester, have given rise to 2 : 4-dihydroxyquinoline (see, e.g., Erdmann, Ber., 1899 
32, 3570; Gabriel and Gerhard, loc. cit.; Ashley, Perkin, and Robinson, J., 1930, 382), this quinoline derivative 
would be expected as a reaction product, which is contrary to our experience. Secondly, the “‘ completed 
hydration ’’ mechanism fails to account for the production in good yield of 4-hydroxycinnolines from o-amino. 
and from 2-amino-5-methoxy-phenylacetylene (Schofield and Simpson, Joc. cit.), because the correspondin 
aminoacetophenones would perforce figure as intermediates. We have not prepared 2-amino-5-methoxy. 
acetophenone, but the 3-methoxy-compound, which is a near analogy, fails, as already mentioned, to gives 
cinnoline, and we have also referred to the poor yield obtained from o-aminoacetophenone. For the production 
of cinnolines from o-aminoacetophenones in general, we may suppose that the anionoid character of the terminal 
carbon atom of the polarised enol form (IX) is insufficient to bring about co-ordination with the diazonium 
group when R is hydrogen, but that cyclisation occurs, leading to (X), when the kationic activity of the \, 
residue is enhanced by the presence of electron-attractive p-substituents (R = CN, NO,, halogen). 


(XII) 
CH, 
Oe 
| 
et 


XVII.) 


The Widman-Stoermer reaction may be regarded as preceded by a similar polarisation, as shown in (XI), 
and the experimental data so far available (Simpson, /oc. cit.) are in accord with this conception. Thus itis 


known that the reaction is stimulated when the «-substituent is aryl (electron donor), and inhibited when it 


is hydrogen. Furthermore, the Widman-—Stoermer reaction is, in the case of 3: 4-diphenylcinnoline, inde- 
pendent of the steric configuration of the related o-aminoarylethylene, both geometrical forms undergoing 
cyclisation with, qualitatively, equal ease. This point has been substantiated during further work (un 
published) on the preparation of 3-substituted 4-arylcinnolines, and this independence of steric relations i5 
what would be expected on the basis of the ionic mechanism under consideration. The mechanism also accounts 
for the observed formation of 2-phenylchrysene (XII) as a concomitant of 4-phenyl-3-(«-naphthyl)cinnolin¢ 
(XIII; R = a-C,,H,), as the hydrocarbon would result from absorption of the anionic charge on Cg into the 
«-naphthyl nucleus, followed by interaction between the activated 2’-position and the (resonating) diazoniu™ 
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kation. In view of the greater capacity of the naphthalene system than of a single aromatic ring to absorb 
electrons, substitution of Cg by phenyl instead of naphthyl should be less effective in relieving this atom of its 
charge, and should thus reduce the extent of hydrocarbon formation ; this point also is borne out by experiment, 
(XI; R = Ph) giving (XIII; R = Ph) as the sole crystalline product (Simpson, Joc. cit.). The behaviour 
of the naphthylethylene thus constitutes an interesting example of the dualistic function of aryl nuclei, accord- 
ing to environment, in electronic displacements. It is to be noted that in the Widman-Stoermer reaction the 
proton which is eliminated as HX comes from Cg; in the synthesis of cinnolines from aminoacetophenones 
the source of-the proton is, almost certainly, the enolic hydroxyl group rather than Cg; and in the Richter 
reaction the proton source is the solvent. 

Finally, the synthesis of benzotriazoles by diazotisation of substituted amides of anthranilic acid (KITV —>» 
XV) (e.g., Weddige, J . pr. Chem., 1893, 48, 92 and earlier papers; Kratz, ibid., 1896, 53, 213; Mehner, ibid., 
1901, 638, 285; Thode, ibid., 1904, 69, 105; Niementowski, Ber., 1888, 21, 1538; K6nigs and Reissert, ibid., 
1899, 32, 782; Meyer, Annalen, 1907, 351, 278), which would offer a formal analogy for a mechanism of cinno- 
line formation without the intervention of enolisation, is not in fact a truly comparable reaction, because the 
amide nitrogen, with its lone electron pair, would naturally tend to link up with the positive diazonium centre 
without preliminary electromeric shifts. In this connexion it is probably significant that the oxime of 
o-aminoacetophenone gives on diazotisation, not the unknown oximino-dihydrocinnolone (XVI), but methyl- 
anthranil by loss of nitrogén from the intermediately-formed benzotriazine oxide (XVII) (Auwers, Ber., 1924, 
57, 461; Meisenheimer, Senn, and Zimmermann, ibid., 1927, 60, 1736). 


EXPERIMENTAL. 

(Melting points are uncorrected.) 

4-H ydroxy-6-cyanocinnoline.—2-Amino-5-cyanoacetophenone (1 g.) was suspended in 2n-hydrochloric acid (15 c.c.) 
and treated with 5% aqueous sodium nitrite (8 c.c.) with ice-cooling. The diazotised solution was then heated on the 
steam-bath until it showed a negative coupling reaction (}—# hour). The cooled solution was filtered, and the solid 
dissolved in warm sodium carbonate solution, filtered (charcoal), and acidified with acetic acid. The 4-hydroxy-6- 
cyanocinnoliné so obtained crystallised from alcohol, in which it is moderately soluble, in small, soft, faintly yellow 
needles, m. p. 284—285°. It is appreciably soluble in hot water, from which it crystallises well, and easily soluble in 
hot aqueous acetic acid. The solutions show a characteristic green fluorescence (Found: C, 62-5; H, 3-1; N, 24-5. 
C,H,ON, requires C, 63-15; H, 2-9; N, 246%). Addition of sodium acetate to the reaction mixture immediately after 
diazotisation caused the precipitation of a dark red amorphous product. 

6-Chloro-4-hydroxycinnoline.—A warm solution of 5-chloro-2-aminoacetophenone (25 g.) in 2n-hydrochloric acid 
(250 c.c.) gave a colourless suspension of the hydrochloride when cooled in ice. The almost clear solution obtained by 
the addition of 10% aqueous sodium nitrite (120 c.c.) was heated on the steam-bath. Separation of the cinnoline set 


in after 15—-20 minutes, and the reaction was most sapidly completed by filtering off the first crop and re-heating the 
slightly diluted filtrate (if this was not done, the suspension still gave a positive coupling reaction after several hours’ 


heating). The crude base (50-9 g. from 51-4 g. of the amino-ketone), was digested with boiling rectified spirit (500 c.c.) 
and filtered cold, yielding 41-9 g. of almost pure 6-chlovro-4-hydroxycinnoline, m. p. 291—293°. The pure substance 
(Found: C, 53-2; H, 2-85; N, 15-45. C,H,ON,Cl requires C, 53-2; H, 2-8; N, 15-5%), m. p. 294—295°, crystallised 
from alcohol, in which it is sparingly soluble, in fine, almost colourless needles, which gave a positive Beilstein reaction. 
It was almost insoluble in hot 4n-aqueous ammonia, but dissolved readily in aqueous sodium hydroxide; an experiment 
in which the crude reaction product was dissolved in alkali showed that the cinnoline base, and not a hydrochloride, 
separates from the diazotised amino-ketone solution. 

8-Chloro-4-hydroxycinnoline.—The solution formed by diazotising (with 10% aqueous sodium nitrite) a suspension 
of 3-chloro-2-aminoacetophenone hydrochloride (from 1-2 g. of base, 1-2 c,c. of water, and 6 c.c. of concentrated hydro- 
chloric acid) was heated on the steam-bath for 1 hour, cooled, and filtered. The solid was dissolved in hot dilute aqueous 
ammonia, clarified (charcoal), and acidified with acetic acid, yielding 0-95 g. of 8-chloro-4-hydroxycinnoline, m. p. 195— 
197°. After crystallisation from alcohol, in which it is much more soluble than the isomeric 6-chloro-compound, the 
substance formed silky, fawn-coloured needles, m. p. 198—199° (Found : C, 53-3; H, 2-5; N, 16-0; Cl, 20-0. C,H,ON,Cl 
requires C, 63-2; H, 2-8; N, 15-5; Cl, 19-7%). Ona larger scale, 7-5 g. of the amino-ketone gave 5-5 g. of the cinnoline, 
m. p. 194—196°. = 

6-Bromo-4-hydroxycinnoline.—Prepared similarly to the 6-chloro-derivative, the 6-bromo-compound (0-8 g. from 1 g. 
of 5-bromo-2-aminoacetophenone and 15 c.c. of 2n-hydrochloric acid; the hydrochloride of the amino-ketone separated 
in beautiful colourless needles) formed small, pale yellow, dull prismatic needles, m. p. 276—277°, sparingly soluble in 
alcohol, and, with some difficulty, in warm aqueous ammonia, and readily soluble in aqueous sodium hydroxide (Found : 
C, 42-8; H, 2-2; N, 12-55. C,H,ON,Br requires C, 42-7; H, 2-2; N, 12-45%). The substance is slightly, but per- 
ceptibly, soluble in hot water and in moderately concentrated hydrochloric acid; both solutions readily crystallised on 
cooling. : 

8-Bromo-4-hydroxycinnoline.—A solution of 3-bromo-2-aminoacetophenone (0-5 g.) in concentrated hydrochloric acid 
(5 c.c.) was diazotised with 10% aqueous sodium nitrite. After 3 days at room temperature, the solution still gave a 
strong coupling reaction, but this became negligible after it had been heated for 1 hour on the steam-bath. The cinnoline 
which separated on cooling (and did not redissolve on warming) formed long, dull, tan needles, m. p. 193—194°, from 
aqueous alcohol; yield, 0-3 g. (Found: C, 42-3; H, 2-95; N,13-0%). Qualitatively, the differences in solubility between 
this substance and the 6-bromo-isomer correspond to those between the two chloro-compounds, 8-bromo-4-hydroxy- 
cinnoline being readily soluble in alcohol and in warm aqueous ammonia. The solubility in hot 6Nn-hydrochloric acid 
seemed to be no greater than in hot water (very slight in each case). 

6-Nitro-4-hydroxycinnoline.—The best conditions for the large-scale preparation of this substance were the following. 
A mixture of 5-nitro-2-aminoacetophenone {5 g.), acetic acid (90 c.c.), concentrated sulphuric acid (15 c.c.), and water 
(25 e.c.), maintained at 0—5°, was treated with 2-17 g. of solid sodium nitrite, added during 20 minutes. The mixture 
was left overnight at 0°, then heated for 1 hour at 85—90°, and finally diluted with water (35—40 c.c.). The products 
“on 1l such runs were collected; yield, 45-5 g.; m. p. 328—329°. Larger individual batches gave somewhat lower 
yields, . 

4-Hydroxycinnoline from o-Aminoacetophenone.—A solution of the amine (1-35 g.) in acetic acid (5 c.c.) was treated 
with a mixture of concentrated sulphuric acid (3 c.c.) and water (1 c.c.) ;, powdered sodium nitrite (0-7 g.) was then added 
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with ice-cooling. After 2 days at 10°, the mixture, which still gave a strong coupling reaction, was heated on the steam. 
bath; much effervescence occurred. The product was diluted with water, treated with sodium acetate to neutralise 
most of the sulphuric acid, and extracted with ether (this extract yielded only a phenolic oil). The aqueous solution 
was then concentrated to crystallisation point, after which the inorganic matter was dissolved in a little warm water, 
and the residue of 4-hydroxycinnoline collected; yield, 0-11 g.; m. p. 227—-229° after previous sintering (identified by 
mixed m. p.). No hydroxycinuoline could be obtained when the reaction was carried out in dilute hydrochloric acid. 

4-Hydroxy-6 : 7-dimethoxycinnoline-3-acetic Acid.—-Veratroylpropionic acid has been prepared by various workers 
in somewhat discordant yields (Haworth and Mavin, J., 1932, 1485; Haq, Kapur, and Ray, J., 1933, 1087; Miki and 
Robinson, J., 1933, 1467; Ghosh and Robinson, J., 1944, 506; Fieser and Hershberg, J. Amer. Chem. Soc., 1936, 58, 
2314; Adams, Geissman, Baker, and Teeter, ibid., 1941, 68, 528). Using the quantities given by Haworth and Mavin, 
we consistently obtained the yields reported by them; batches of five runs were worked up together, and the acid, after 
precipitation from a clarified sodium carbonate solution, had m. p. 158—160° (contrast Fieser and Hershberg, Joc. cit.). 
Nitration of the acid was carried out by the method of Miki and Robinson, in 50 g. batches, and the crude product was 
purified by digestion with alcohol; the acid so obtained had m. p. 210—212°, the extreme yields in six experiments 
being 41-1 and 43-6 g. The use of stronger nitrating acid (d 1-48) diminished the yield owing to fission of the side chain, 
much 4: 5-dinitroveratrole being isolated. Reduction of the nitro-acid was carried out in 40-g. lots; each batch was 
dissolved in 4N-aqueous ammonia (200 c.c.) and added to the suspension prepared from ferrous sulphate (280 g.), water 
(560 c.c.), and ammonia (120 c.c., d 0-880), after which the mixture was heated for 14 hours on the water-bath with 
frequent shaking. (In one case where a deficiency of ammonia was used, the amount of iron sludge was noticeably less, 
and a salt of the amino-acid, only moderately soluble in cold water, separated from the hot filtrate; the yield and 
quality of the acid were unaffected.) Acidification of the filtered solution with acetic acid gave small brown needles, 
m. p. 143—144°, of 8-(6-aminoveratroyl)propionic acid (extreme yields in six reductions, 32-5 and 33-0 g.). 

The foregoing acid (25 g.) was warmed slightly with 2n-hydrochloric acid (250 c.c.); it dissolved only partly, and the 
suspension was diazotised with 10% aqueous sodium nitrite (ca. 70 c.c., ice-cooling). On warming the resultant dark 
solution, which still contained some suspended matter, complete solution cccurred, soon followed by separation of 
prismatic needles of the fret cinnoline; complete disappearance of the coupling reacticn was best effected as described 
for 6-chloro-4-hydroxycinnoline. From seven batches, 137 g. of crude 4-hydroxy-6 : 7-dimethoxycinnoline-3-acetic acid 
were obtained; the substance dissolved readily in aqueous sodium carbonate, but was too insoluble to be recrystallised 
from the following solvents: water, alcohol, acetic acid, nitrobenzene, pyridine, and dioxan; it decomposed at 325— 
330° after previous darkening and shrinking. Dissolution of the substance (137 g.) was effected by a boiling mixture of 
concentrated hydrochloric acid (300 c.c.) and acetic acid (700 c.c.), from which it rapidly separated in almost colourless 
needles (129 g.), m. p. 327—330° (decomp; blackening at 300°) (Found: N, 10-9; Cl, nil. C,,H,,0,;N, requires N, 
10-6%). 

Ethyl 4-Hydroxy-6 : 7-dimethoxycinnoline-3-acetate——A solution of B-(6-aminoveratroyl)propionic acid (20 g.) in 
absolute alcohol (200 c.c.) and concentrated sulphuric acid (10 c.c.) was refluxed for 4 hours, diluted with water (300 c.c.), 
and n€@utralised with solid sodium bicarbonate. The suspension -was then warmed on the steam-bath and set aside 
overnight. The ethyl B-(6-aminoveratroyl)propionate was filtered off and washed with a little cold water; it (17-7 g.) 
separated from very dilute alcohol in silky, straw-coloured needles, m. p. 103—104-5° (Found: C, 59-8; H, 6-8; N, 5-4. 
C,,H,,0,;N requires C, 59-75; H, 6-8; N, 5-0%). 

A solution of the foregoing ester (5 g.) in 2N-hydrochloric acid (50 c.c.) was diazotised in the usual way and divided 
into two equal parts. One part was heated on the steam-bath for-} hour, and the solid which separated from the cooled 
solution [0-85 g. (A)] was washed with water and digested with warm sodium carbonate solution. The insoluble fraction 
(0-35 g.), after recrystallisation from slightly aqueous acetic acid, furnished the cinnoline ethyl ester as almost colourless, 
soft, pearly leaflets, m. p. 293—294° (decomp.) (Found: C, 57-25; H, 5-55. C,,H,,0;N, requires C, 57-5; H, 5-5%). 
Further heating of the diluted filtrate from (A) gave an additional 1-2 g. of solid, which was completely soluble in aqueous 
sodium carbonate. The remainder of the diazotised solution was left for 4 days at room temperature and then filtered; 
the product (0-45 g.) yielded 0-2 g. of material insoluble in aqueous sodium carbonate, and the solid obtained by further 
heating of the diazotised solution was almost completely soluble in this reagent. 
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133. Quinamine. Part I, 


By T. A. Henry, K. S. Kirspy, and G. E. SHaw. 


Quinamine, C,,H,,0,N,, is a minor alkaloid of cinchona bark, isolated and characterised by Hesse in 1872. 
The cinchona alkaloids of known constitution can all be represented by the general formula, Q-CH(OH)-0Q’, 
where Q is quinolyl or 6-methoxyquinolyl and Q’ is 3-vinyl- or 3-ethyl-quinuclidyl. Quinamine conforms with 
this general formula. It contains the central carbinol group and is unique among cinchona alkaloids so far 
known, in that the 3-vinylquinuclidyl nucleus can be isolated intact in the form of 3-vinylquinuclidylcarboxylic 
acid on oxidation by chromic acid. The principal divergence from the usual type is that Q is not quinolyl or 
a quinolyl derivative but a heterocyclic nucleus, CjH,(OH)(NH), the nature of which is still under investigation. 


QUINAMINE, C,,H,,O0,N,, is a minor cinchona alkaloid, which has not been investigated since the period 
1872—1881, when some attention was devoted to its chemistry by its discoverer, Hesse (Ber., 1872, 5, 265; 
1877, 10, 2152; Amnalen, 1873, 166, 217; 1879, 199, 333; 1881, 207, 288) and by de Vrij (Pharm. J., 1874, 
4, 609), Howard (ibid., 1875, 5, 1), and Oudemans (Amnalen, 1879, 197, 48). The little that is known about 
quinamine is mainly due to Hesse (Joc. cit.), who crystallised the base, prepared a series of salts and investigated 
the action upon it of acids and acetic anhydride. The latter reagent converted it into acetylapoquinamine, 
which is amorphous but on hydrolysis furnished a well-defined, crystalline substance, apoquinamine, C,,H,,ON», 
differing from quinamine by the elements of a molecule of water. apoQuinamine was also formed when 
quinamine was treated with acids, but depending on the experimental conditions, might then be accom- 
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panied by two isomerides of quinamine, quinamidine and quinamicine, and a brown amorphous substance, 
protoquinamicine, to which a formula, C,,H,,O,N,, was assigned in spite of lack of evidence of its homogeneity. 
Quinamidine was described as crystalline, m. p. 93°, [a]p + 4°5° (¢ = 2; alcohol) and yielding crystalline salts, 
of which the hydrochloride, B,HCl,H,O, was optically inactive. 

The material used in the present investigation was prepared by one of us (G. E. S.) during his tenure of 
office as Quinologist to the Government of Bengal. Apart from the higher melting point, 185—186°, as 
against 172° found by Hesse for quinamine, and other minor differences, the observations of the earlier workers 
have been confirmed. 

The natural cinchona alkaloids of known constitution may all be represented by the general formula 
Q-CH(OH)-Q’, where Q is quinolyl or 6-methoxyquinolyl, and Q’ is 3-vinyl- or 3-ethyl-quinuclidyl. 
In the scission products of oxidation of these alkaloids, Q is generally represented by cinchoninic or 6-meth- 
oxycinchoninic acid, whereas the quinuclidine nucleus suffers disruption and is represented by fragments, 
of which the largest is meroquinine (I). Quinamine has now been treated with various oxidising agents and 
in no case has a quinoline derivative, or a probable fragment of quinoline, been isolated from the reaction 
products, and it seems clear that quinamine differs from the cinchona alkaloids so far investigated in not 
possessing a quinoline nucleus. 

When oxidised by chromic acid in presence of sulphuric acid, quinamine yields an acid, C,»)H,,O,N, which 
is best isolated as its copper salt, (C,gH,,0O,N),Cu,H,O. This acid contains an ethylenic linkage, and on 
decarboxylation yields a base, C,H,,N, which forms a picrate, m. p. 143—146°, and on catalytic hydrogen- 
ation is converted into 3-ethylquinuclidine, C,H,,N. The identity of the latter was established by a mixed 
melting point determination of its picrate with that of 3-ethylquinuclidine, synthesised for the purpose by 
Prelog’s process from {$’-dichlorodiethyl ether as a starting point (Hanousek and Prelog, Coll. Czech. Chem. 
Comm., 1932, 4, 259; Prelog, Sostaric, and Gustak, Anunalen, 1940, 545, 251). 

Assuming that the quinuclidine nucleus is attached, as is usual in the cinchona alkaloids, at position 8, 
via the central carbinol group, to the rest of the quinamine molecule, the acid, C,)H,,0,N, must be 3-vinyl- 
quinuclidine-8-carboxylic acid, and quinamine must be represented by the partial formula (II). 


CH-CH,-CO,H CH 


CH 
H,C H-CH:CH, H,C/ lan CH-CH:CH, = CH-CHICH, 


Hg 
C,H,ON-CO-H, n, CH, 


NH 
(I.) (II.) (III.) 

K6énigs showed that when meroquinine (I) is heated with hydrochloric acid and mercuric chloride, 4-methyl- 
3-ethylpyridine is produced (Ber., 1894, 27, 1502). When this process is applied to the acid, C,,H,,O,N, 
the product is a base, C,H,N, yielding a picrate, having m. p. 127—130°, not depressed by admixture with 
3-ethylpyridine picrate. 

When the sodium salt of the acid is heated with soda-lime, a base is produced yielding a picrate, m. p. 
126—128°, giving analytical results indicating a formula C,H,N,C,H,0,N;, which is that of 3-vinylpyridine. 
The latter has been described by Iddles (J. Amer. Chem. Soc., 1937, 55, 1945) as yielding a picrate, m. p. 143— 
144°, and this has been confirmed with a specimen prepared in these laboratories by Iddles’s process. The 
base, regenerated from the picrate of m. p. 126—128°, on catalytic hydrogenation, absorbed more than the 
quantity of hydrogen necessary to saturate one ethylenic linkage and yielded a picrate, m. p. 127—130°, not 
depressed on admixture with 3-ethylpyridine picrate. It seems clear therefore that the picrate, m. p. 126— 
128°, is that of a mixture of bases including one which is hydrogenated to 3-ethylpyridine. The picrate of 
the latter may also be a component of the picrate, m. p. 126—128°, since on repeated crystallation of the 
latter, without change of m. p., it ceases to show depression of m. p. on admixture with 3-ethylpyridine picrate. 

The 3-ethylpyridine required for the foregoing comparisons was made by reduction of the hydrazone of 
3-acetylpyridine, prepared by the method of Strong and McElvain (J. Amer. Chem. Soc., 1933, 55, 816). 

Quinamine resembles the other cinchona alkaloids in being convertible by prolonged boiling in dilute 
acetic acid into an isomeric quinicine (quinatoxine), which Hesse named quinamicine. It is represented by 
the partial formula (III) and yields well-crystallised derivatives of which the picrate, 2 : 4-dinitrophenylhydr- 
azone, and oxime have now been prepared. 

On catalytic hydrogenation quinamine yields, by saturation of the vinyl side chain of the quinuclidine 
nucleus, dihydroquinamine. This is similarly convertible into a quinicine, which like these substances in 
general, is amorphous, but was characterised by the preparation of the crystalline dihydroquinamicine oxime. 

On catalytic hydrogenation, apoquinamine yields rapidly and easily dihydroapoquinamine, and much more 
slowly tetrahydroapoquinamine. When subjected to prolonged boiling in dilute acetic acid it is converted into 
quinamicine, being apparently first hydrated to quinamine. 

Though Zerewitinoff determinations indicate the presence of only two replaceable hydrogen atoms in 
quinamine, there is evidence that it contains three. In the formation from it of acetylapoquinamine, 
CisH,,ON,*CO-CH,, the central carbinol group (see II) is acetylated and a second hydroxyl, in the undeter- 
mined heterocyclicfresidue, C,H,ON, is eliminated as water. The third replaceable hydrogen is present in 
aN imino-group in the C,H,ON residue, since a nitrosoquinamine, giving the Liebermann reaction, has been 


H,C Hi, CyH,ON-CH(OH)-HC\ |"7/CH, 
NH N 
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prepared. In this nitroso-derivative only one of the two hydroxyl groups can be acylated, presumably that 
in the central -CH(OH): group. With apoquinamine, experimental evidence can only be provided for one 
replaceable hydrogen atom, while Zerewitinoff determinations indicate the presence of two. ; 

In applying the Herzig—Meyer process for the estimation of methylimino-groups to quinamine, the results 
are about one-sixth of that :-equired for one NMe group. 

These various anomalies seem to be associated with the second heterocyclic nucleus, C,H,ON, and it is 
hoped that the investigation now in progress for the determination of the nature of this group will provide 
an explanation. 

Chopra and David (Indian J. Med. Res., 1927-8, 15, 343), in their investigation of the pharmacological 
action of quinamine, noted that in vitro it was about as toxic to Paramecium caudatum as cinchonine, and that 
a 2% solution produced anesthesia of the rabbit cornea lasting about 30 minutes. Dr. Marshall, of the 
Wellcome Tropical Medical Laboratories, has tested quinamine and.apoquinamine in malaria in chicks and 
canaries and finds that neither alkaloid exhibits antimalarial action. 

Little is known about the pharmacological action of the minor cinchona alkaloids. They occur in “ quin- 
oidine,’’ which consists of the brown, amorphous residue left after the extraction in quinine factories of the 
useful components of the total alkaloids of cinchona bark. Quinoidine has been used as a cheap antimalarial 
drug (Waters, Indian Med. Gaz., 1913, 48, 89; MacGilchrist, Indian J. Med. Res., 1915, 3, 1) but the results 
of preliminary fractionation experiments in these laboratories indicate that such antimalarial properties as 
it may possess may be due to small quantities of the known cinchona alkaloids remaining in it. Such of its 
other components as have been isolated and examined in recent years, e.g., epiquinine and epiquinidine (Thron 
and Dirscherl, Annalen, 1935, 521, 48) and now quinamine, have all been found inactive in bird malaria. 


EXPERIMENTAL. 


In the following account the combustion results are for substances dried at 120° in a vacuum unless stated other- 
wise and were obtained by micro-analysis; the m. p.’s are corrected, and the specific rotations are for M/40 solutions in 
water for the salts, or N/10-sulphuric acid for the bases, unless other conditions are given. 

Quinamine.—The alkaloid, isolated by Hesse’s method (loc. cit.) from quinine sulphate mother-liquors derived from 
the total alkaloids of Cinchona ledgeriana, was finally freed from traces of cinchonine by repeated crystallisation from 
boiling benzene. It formed colourless, anhydrous needles, m. p. 185—186°, [a]p+ 116° or 104° (¢ = 0-5; alcohol). 
Hesse (1881, Joc. cit.) found m. p. 172° and [a]p + 104-5° (¢c = 2-0; alcohol) (Found: C, 73-0; H, 7-9; N, 9-1; MeO, 
nil; NMe, 1-63. Calc. forC,,H,,O,N,: C, 73-0; H, 7:7; N,8-9; NMe,9-3%). The value for NMe is too low to suggest the 
presence of a normal methylimino-group and its source is still under investigation. Zerewitinoff determinations indicated 
the existence of two replaceable hydrogen atoms. On hydrogenation in alcohol in presence of palladised barium sulphate, 
0-1991 g. absorbed 14-32 c.c. (N.T.P.) (Calc. for one ethylenic linkage: 14-24 c.c.). 4 

The hydrochloride, B, HCl,H,O, has m. p. 166—167°, [a]p + 102-8°. Hesse gives + 100° (c = 2; water) or + 118-1° 
(c = 2; alcohol). The hydriodide, B,HI, has m. p. 224°, [a]p + 84-82° (c = 0-5; alcohol) (Found: C, 52-0; H, 5-4; 
N, 6-5; I, 29-0. Calc. for C,,H,,0O,N,,HI: C, 51-9; H, 5°7; N, 6-4; I, 28-8%). The nitrate melts at 186—188° and 
has [a]p + 94-9°. Oudemans (/oc. cit.) records + 96-8° (c = 0-997; water). The picrate crystallises from boiling 
water in small yellow needles, m. p. 175—176°, [a]p + 90-0° (m/40; acetone) (Found: C, 55-5; H, 5-05; N, 13-35. 
C,,H,,0,N,,C,H,O,N, requires C, 55-4; H, 5-04; N, 12-9%). 

Quinamine (1 g.) in acetic aeid (10%; 2-5 c.c.) was added to sodium nitrite (1 g.) in water (10 c.c.), and the solution 
after standing overnight was added to a mixture of ammonia solution and light petroleum and shaken vigorously. The 
petroleum layer was separated, dried, and left to evaporate. The residue, showing no tendency to crystallise, was 
converted into the picrate, and the salt crystallised from methyl alcohol (1 c.c.) by addition of benzene (10 c.c.). Nitro- 
soquinamine picrate forms transparent, yellow leaflets, m. p. 161° after softening at 156° [Found: C, 52-3; H, 4-6; 
N, 14:2. C,,H,,0,N,(NO),C,H,O,N, requires C, 52-6; H, 4-6; N, 14:7%]. To the nitroso-derivative (1 g.) in ether 
(5 c.c.), acetic anhydride (5 c.c.) and pyridine (2 drops) were added, and the mixture left overnight and refluxed for 
1 hour next day. Sodium carbonate solution was then added, the reaction product extracted with ether, and the 
ethereal solution evaporated to low bulk; nitrosoacetylquinamine crystallised out in small, yellow cubes, m. p. 140°. 
It gave a positive Liebermann reaction, and after crystallisation from ether had m. p. 137—141°, [a]p + 282-7° (c = 0-81, 
n/10-H,SO,) (Found: C, 65-5; H, 6-7; N, 10-9. C,)H,,0O,N,°CO-CH, requires C, 65-7; H, 6-6; N, 10-9%). 

On treatment with methyl iodide (8 c.c.), quinamine (2 g.) is converted into a monomethiodide, which after recrystal- 
lisation from alcohol (1 g. in 10 c.c.) forms short, colourless rods, m. p. 250—251°, [a]p + 114-2° (Found: C, 53-2; 
H, 6-0; N, 6-5; NMe, 6-6; I, 28-6. C,,H,,O,N,,CH,I requires C, 52-8; H, 6-0; N, 6-2; NMe, 6-4; I, 27-9%). The 
monomethochloride, prepared from the methiodide, melts at 237—240°, [a]p + 111-9° (Found: C, 66-2; H, 7:5; N, 8-0; 
NMe, 8-9; Cl, 9-8. CisH.4O,N,,CH,Cl requires C, 66-2; H, 7-5; N, 7:7; NMe, 8-0; Cl, 9-8%). 

Dihydroquinamine was prepared by hydrogenation of quinamine in n-sulphuric acid in presence of Adams’s platinic 
oxide catalyst. It crystallises from boiling benzene (1 in 5) in colourless needles, m. p. 184—185°, [a]p + 119-8° (Found: 
C, 72-5; H, 8:3; N,9-0. CygH,,0,N, requires C, 72-5; H, 8-3; N, 89%). The picrate crystallises from boiling water 
- ai N 120% rods, m. p. 176—178° (Found: C, 55-6; H, 5-1; N, 12-9. C,,H,,0,N,,C,H,O,N, requires C, 55-2; 

, 54; N, 12-9%). 

Dihydroquinamine (8-4 g.), mixed with acetone (12 c.c.) and methyl iodide (12 c.c.) and left overnight, deposited 
the monomethiodide (10 g.) which, after recrystallisation four times from dry alcohol (1 in 3), formed short, colourless 
rods and melted constantly at 219—225° (Found: C, 52-6; H, 6-8; N, 6-2; NMe, 5-4; I, 283. C,gH,,O,N,,CH;l 
requires C, 52-6; H, 6-4; N, 6-1; NMe, 6-5; I, 27-8%). 

apoQuinamine.—Quinamine (12 g.) was refluxed for 4 hours in benzene (100 c.c.) containing acetyl chloride (20 c.c.), 
and the mixture shaken with sodium carbonate solution until the aqueous layer remained alkaline. The benzene extract 
was dried, the solvent removed, and the pale brown residue of acetylapoquinamine, which could not be induced to crystal- 
lise, was converted into the picrate; this was at first red but on crystallisation from methyl alcohol formed yellow 
N 134%). p- 143—145° (Found: C, 57-9; H, 4-9; N, 12-5. C,gH,,ON,*CO-CH;,C,H,O,N, requires C, 57-3; H, 4:8; 

, 124%). . , 

Acetylapoquinamine (3 g.) in alcohol (15 c.c.) containing potassium hydroxide (1-5 g.) in water (1 c.c.) was boiled 
for one hour, the alcohol removed, water added, and the base extracted by ether. A solution of this crude base in 

dilute acetic acid was shaken with ether to remove impurities, then made alkaline and the apoquinamine extracted 
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with ether and crystallised from alcohol. It formed cream-coloured plates, m. p. 115—117° (Hesse, 1881, loc. cit., gives 
. p. 114°), and is optically inactive in alcohol, but has [a]p — 329° (m/40; N/10-H,SO,). The hydriodide, prepared 


ere ET p. 191—193° (Found: C, 61-45; H, 4-6; N, 11-6. C,H,,ON,*CO-C,H,,C,H,O,N, requires C, 61-2; H, 4-6; 
N, ll- o}* . 

To apoquinamine (1 g.) in acetone (5 c.c.), methyl iodide (3 c.c.) was added, and the mixture left overnight. Some 

stals separated, and when the glass surface near them was scratched, the solution became semi-solid. The methiodide 
(1-35 g.) Was recrystallised from alcohol until of constant m. p. 219—-220° (Found: C, 55-1; H, 6-0; N, 7-1; I, 20-1; 
NMe, 5-8. Cy 9H,,ON,,CH,I requires C, 55-0; H, 5-8; N, 6-4; I, 29-1; NMe, 6-65%). 

Hydrogenation of apoquinamine in solution in alcohol, in presence of palladised barium sulphate or Adams’s platinic 
oxide, takes place in two stages, one molecule of hydrogen being absorbed within a few minutes, and a second in the 
course of several hours. From an operation stopped at the end of the first stage, the base was isolated and converted 
into dihydroapoquinamine picrate, which, after two recrystallisations from methyl alcohol, formed orange needles, 
m. p. 179—181° (Found: C, 57-1; H, 5-2; N, 13-42. C,H,,ON,,C,H,O,N, requires C, 57-1; H, 5-2; N, 13-32%). 
Dihydroapoquinamine was also prepared from dihydroquinamine by the process described for apoquinamine from 
quinamine. The acetyldihydroapoquinamine obtained was amorphous but yielded a crystalline picrate, m. p. 148—150° 
(Found: N, 12-1. C,,H,,0,N,,C,H,O,N, requires N, 12-3%). The acetyl derivative on hydrolysis yielded dihydro- 
apoguinamine base, m. p. 124—126°, [a]p — 5-42° (Found: C, 76-9; H, 8-0; N, 9-5. Cy ,H,,ON, requires C, 77-0; 
H, 82; N, 945%). From solutions in which hydrogenation was allowed to proceed to completion, tetrahydroapo- 
quinamine picrate was prepared in similar fashion. It crystallised from methy] alcohol in yellow needles, m. p. 175—77° 
(Found: C, 56-8; H, 5-5; N, 13-4. C,,H,,ON,,C,H,O,N, requires C, 56-9; H, 5-4; N, 13-3%). 

When a solution of apoquinamine in dilute acetic acid was subjected to prolonged ebullition, the expected apoquin- 
amicine was not formed but quinamicine (see below) was isolated as the picrate, m. p. 201—203°, and as the 2 : 4-dinitro- 
phenylhydrazone, m. p. 235—239°. 

Quinamicine—Quinamine (2 g.) was heated for 50 hours in acetic acid (20 c.c.; 10%). Ammonia solution was 
added, and the precipitate collected, washed, dried, dissolved in alcohol, and the solution taken to dryness. The brown 
residue could not be induced to crystallise as base, acid tartrate, or acid oxalate, but the picrate was prepared, by 
adding picric acid solution to a solution of the acid tartrate, and was recrystallised from boiling water from which it 
separated in yellow platelets, m. p. 203—205°, [a]p — 17-46° (m/40; ——— (Found: C, 55-5; H, 5-15; N, 12:8. 
CypH,,O,Ny,Cg.H,O,N, requires C, 55-4; H, 5-0; N, 12-9%). Quinamicine, unlike most quinicines, gives no coloration 
with Bachstez’s reagent (Arch. exp. Path. Pharm., 1932, 164, 314). The base (0-6 g.) in alcohol (3 c.c.) was mixed with 
2: 4-dinitrophenylhydrazine (0-55 g.) dissolved in warm alcohol (5 c.c.) with the aid of sulphuric acid (0-1 c.c.), and the 
mixture left for 3 hours. The precipitate formed was collected, exposed to moist ammonia vapour for 48 hours, and 
then crystallised from nitrobenzene (0-65 g. in 8 c.c.) as dark red needles of quinamicine 2 : 4-dinitrophenylhydrazone, 
m, p. 239—240° (Found: C, 60-8; H, 5:8; N, 16-8. C,gH,ON,,C,H,O,N, requires C, 60-9; H, 5-7; N, 171%). ; 

Crude quinamicine, prepared from quinamine (12 g.), was dissolved in alcohol (60 c.c.) containing hydroxylamine 
hydrochloride (4 g.) and potassium hydroxide (3-25 g.) in water (3 c.c.), and the solution refluxed for 5 hours. The 
alcohol was distilled off at reduced pressure, water added to the residue, and the yellowish product filtered out; more 
was recovered by passing carbon dioxide through the filtrate. The oxime was recrystallised from methyl alcohol to 
gr Te N. 120%). and then had [a]p + 82-2° (Found: C, 69-7; H, 7:8; N, 12-9. C,H,;0,N, requires C, 

‘T; 4 of “ . o)- 

_ On standing with methyl iodide (7 c.c.) and alcohol (3 c.c.), quinamicine (3-5 g.) produced after 3 days a white pre- 
cipitate of N-methylquinamicine methiodide, which after 5 recrystallisations from alcohol, had m. p. 275—276°, [a]p 
— 39-8° (c = 0-364; alcohol) (Found: C, 53-9; H,6-1; N, 6-0; NMe, 12-0; I, 27-7. C,,H,,0,N,°CH,,CH,I requires 
C, 53-8; H, 6-2; N, 60; 2NMe, 12-4; I, 271%). inamicine reacts with benzoyl! chloride but neither with this nor 
any of the other usual acylating agents could a well ned, crystalline acyl derivative be obtained. 4 

Dihydroquinamicine oxime was prepared from dihydroquinamine, by the processes used for quinamicine oxime. It 
crystallised from methyl alcohol in colourless needles, m, p. 225—227° (Found: C, 69-4; H, 86; N, 12-7. Cy H,,O,N, 
requires C, 69-3; H, 8-3; N, 128%). ’ 

Oxidation of Quinamine with Chromic Acid.—Quinamine (40 g.) was dissolved in water (600 c.c.) containing sulphuric 
acid (50 g.). ‘To this, chromic acid (150 g.), dissolved in sulphugjc acid (190 g.) diluted with water (600 c.c.), was added 
gradually during 6 hours with constant stirring, the temperature being kept below 50°. Stirring was continued for 24 hours, 
after which a slight excess of chromic acid remained. Onsteam-distillation, a distillate containing acetic acid (3-84 g.) was 
obtained, and on rendering the residue alkaline, ammonia (1-06 g.) was collected. The reaction mixture was then poured 
into a solution of barium hydroxide (800 g.), and the now faintly acid solution, after filtration, was evaporated in a vacuum 
to about 70 c.c. When co sulphate was added to this concentrate there was gradually deposited a blue precipitate 
the quantity of which could be increased by further concentration. The copper salt is soluble in alcohol, acetone, or 
chloroform and sparingly soluble in water. It can-be recrystallised from chloroform (1 g. in 18 c,c.) or from boiling 
Water (1 g. in 250 c.c.). The crystals are dark blue, decompose from about 278°, and suffer no loss on drying at 120° 
ina vacuum (Found : C, 54-3; H, 7-1; N, 6-5; Cu, 14-6. C,H oO,N,Cu requires C, 54:3; H, 6-8; N, 6-3; Cu, 14-4%). 
The acid is best recovered by passing hydrogen sulphide through a filtered solution of the copper salt (3 g.) in chloro- 
form (100 c.c.). The filtrate from the copper sulphide on concentration to 5 c.c. deposits colourless, deliquescent needles 
of the acid, which after three recrystallisations from chloroform melts constantly at 206—208°, and has [a]p + 57-9° 
(¢ = 0-52; chloroform) (Found: C, 66-1; H, 8-3; N, 7:6. CyH,,0,N requires C, 66-3; H, 83; N, 7:7%). From 
this result it appears that the copper salt is a monohydrate, the water of crystallisation not being lost at 120° in a vacuum, 
The acid is soluble in water, alcohol, acetone, or chloroform but insoluble in dry ether, benzene, or light petroleum. 
On hydrogenation in presence of palladised barium sulphate, 0-1186 g. absorbed 14-2 c.c. of hydrogen at N.T.P. (Calc. 
for one ethylenic linkage: 14-7 ¢.c.). : 

The acid has the composition and characters of a 3-vinylquinuclidinecarboxylic acid, as the results of the following 
further experiments show. 


On treatment with diazomethane, the acid (5 g.) yields a brown oil, which on distillation gives a product, b. p. 100— 
150°/15 mm., chie 


g shiefly at 145—147°/15 mm., from which a picrate, crystallising from water in yellow needles, m. p. 143— . 
146°, was obtained (Found: C, 48-9; H, 5-1; N, 15-4. C,H,,N,C,H,O,N, requires C, 49-2; H, 4-9; N, 15-370). . The 
base (0-0563 g.) regenerated from this picrate, on hydrogenation in presence of Adams's platinic oxide catalyst, absorbed 
10-2 c.c. of hydrogen (N.T.P.) (Calc. for CyH,,N with one ethylenic linkage: 9-2 c.c.). The picrate from this hydro- 





























































TES Pnteet eam aageenyng Ag ~ 


“ pe igen ae geige § ete, Teeor 
ie as a 


. the resulting dark brown liquid left overnight in a vacuous desiccator to solidify. It was then transferred to a solution 
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genated product had m. p. 151—153° and showed no depression of m. p. on admixture with a specimen of 3-ethy). 
quinuclidine picrate synthesised for comparison, by Prelog’s process (loc. cit.). : 

The acid (1 g.), mixed with copper-bronze powder (1 g.), was heated in a distilling flask immersed in an oil-bath at 
200°. The small amount of yellow oil, which distilled, was dissolved in ether and treated with picric acid in the same 
solvent. The resulting picrate, recrystallised from water, had m. p. 141—144° and showed no depression of m. p. when 
mixed with the picrate, m. p. 143—146°, resulting from decarboxylation of the methyl ester (p. 527). Like the latter, 
the base regenerated from it can be hydrogenated in presence of platinic oxide catalyst and the resulting base gives, 
picrate, m. p. 151—153°, undepressed on admixture with 3-ethylquinuclidine picrate. 

The acid (1 g.), dissolved in water (4 c.c.) with hydrochloric acid (2 c.c.) and mercuric chloride (6-1 g.), was heated 
for 9 hours at 250° in a sealed tube (cf. Kénigs, Joc. cit.). The solution was made alkaline, and steam-distilled, the 
distillate being collected in dilute hydrochloric acid (10%; 10 c.c.) and evaporated to 20c.c. It was then made alkaline, 
saturated with sodium chloride, and extracted with other, which on removal, left a residue, and this on distillation 
yielded a pale yellow liquid (0-15 g.), b. p. 145—150°. To this, hydrochloric acid (0-5 c.c.; 10%) was added, and the 
solution evaporated in a vacuous desiccator, leaving.a sticky, crystalline mass, m. p. 90—105°. This was dissolved in 
water (5 c.c.), the acidity reduced with sodium carbonate, and picric acid (0-3 g.) in water (30c.c.) added. On standing, 
the precipitate first formed crystallised as pale yellow needles, m. p. 126—128° (Found: C, 46-6; H, 3-5; N, 171. 
Calc. for C,H,N,C,H,O,N,: C, 46-4; H, 3-6; N, 16-7%). This picrate has the composition and properties of 3-ethyl- 
pyridine picrate, m. p. 127—129°, and a mixture of the two substances showed no depression of m. p. _ 

The sodium salt of the acid (0-4 g.) was heated with soda-lime (4 g.) and the distillate of brown oil, with some water, 
was dissolved in ether, the solution dried, and picric acid (0-3 g.) in ether (20 c.c.) added. A picrate (0-1 g.) crystallised 
out as yellowish-brown leaflets, and after recrystallisation twice from alcohol had m. p. 126—128° (Found: C, 46-7; 
H, 3-5; N, 16-3. C,H,N,C,H,O,N, requires C, 46-7; H, 3-2; N, 16-8. Calc. for C,H,N,C,H,;O,N,: C, 46-4; H, 36; 
N, 16-7%). Depression of melting point is shown when this picrate is mixed with that of either 3-vinylpyridine or 
3-ethylpyridine, but after repeated crystallisation, though it still melts at 126—128°, it ceases to show depression of 
m. p. on admixture with 3-ethylpyridine picrate. The base (0-0705 g.) regenerated from the picrate, on hydrogenation 
in acetic acid, absorbed 18-1 c.c. (N.T.P.) of hydrogen (Calc. for one ethylenic linkage: 15-0 c.c.). The hydrogenated 
base gave a picrate, m. p. 127—130°, undepressed on admixture with 3-ethylpyridine picrate. 

3-Ethylpyridine.—3-Acetylpyridine (2 g.) was refluxed with hydrazine hydrate (95%; 2-5 c.c.) for 24 hours, and 
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of sodium ethoxide in dry alcohol (sodium, 1-3 g.; alcohol, 25 c.c.), and the mixture heated at 190° in a sealed tube for 
Shours. Water (20c.c.) was added, the solution acidified with hydrochloric acid, concentrated under reduced pressure to 
15 c.c., then made alkaline by the addition of solid sodium carbonate, and the liberated base extracted with ether. The 
ethereal extract was dried over anhydrous sodium sulphate, the solvent removed, and the residue distilled as a colourless 
oily liquid, b. p. 160—165° (1-5 g.). The picrate, prepared in the usual manner and crystallised from alcohol, had 
m. p. 127—129°. . The b. p. recorded for 3-ethylpyridine is 162—165°/762 mm. and the m. p. of the picrate 128—130°. 


The authors thank Mr. A. Bennett for the micro-analyses. 
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134. Quinamine. Part II. Constitution. 
By K. S. Kirsy. 


Quinamine, a minor cinchona alkaloid, has been shown to contain an indole nucleus in place of the quinoline 
nucleus characteristic of all the other cinchona alkaloids of known constitution. A probable structural formula 
(I) for the alkaloid is proposed. 


QUINAMINE has been shown to differ from all other cinchona alkaloids of known constitution in that the 
quinuclidine nucleus survives chromic acid oxidation whereas no recognisable fragment of the second nucleus 
has been isolated (Part I; preceding paper). This nucleus is revealed, e¢.g., in the case of quinine by the 
formation of 6-methoxyquinoline-4-carboxylic acid (Skraup, Monatsh., 1881, 2, 587). 

Oxidation of quinamine with nitric acid gave picric acid and a compound, CyH,O,N,, in quantity too small 
for further investigation (see below). The picric acid could be derived from either a tetrahydroquinoline or 
an indole nucleus. The former seemed the more probable, as the other cinchona alkaloids are quinoline 
derivatives, and consequently attempts were made to dehydrogenate the alkaloid with nitrous fumes. In 
cold alcoholic solution the gases were rapidly absorbed with the formation of a nitroquinamine and a nitro- 
nitrosoquinamine. Dihydroquinamine under the same conditions gave rise to a dinitrodihydroquinamine and 4 
nitronitrosodihydroquinamine. When the reaction was carried out with quinamine in dilute nitric acid solution, 
and the product heated with concentrated nitric acid, a tetranitronitrosodihydroquinamine nitrate (character- 
ised as chloride) was formed. The latter compound is very stable and may be recrystallised from concentrated 
nitric acid, and the nitroso-group survives boiling with dilute hydrochloric acid. Two of the nitro-groups 1 
this compound are probably attached to the vinyl double bond, as the substance dissolves in sodium hydroxide 
solution to form a deep red liquid the colour of which fades on standing. : 

Indications of the presence of an indole were obtained by colour reactions; with vanillin or piperonal 
and alcoholic hydrochloric acid quinamine gives an immediate rose-red coloration, and with Ehrlich’s reagent 
a purple colour. A pyrrole pine-shaving reaction is given by the vapours evolved on heating quinamine 
with zinc dust. Similar indole colour reactions are given by dihydroquinamine, but apoquinamine g1vés 
purple colours with vanillin or Ehrlich’s reagent only on warming. apoQuinamine also gives a positive pine 
shaving reaction on heating with zinc dust. ‘ 

Definite evidence of the presence of an indole nucleus in quinamine was provided by heating the base with 
zinc dust at 320°. From the non-basic fraction of the steam distillate 2 : 3-dimethylindole was isolated as the 
picrate, identical (mixed m. p.) with a synthetic specimen prepared by Fischer’s method (Amnalen, 1886, 226, 
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129). Since quinamine, C,,H,,O,N,, has 19 carbon atoms, and vinylquinuclidinecarboxylic acid (Part I, 
loc. cit.) and dimethylindole each have 10 carbon atoms, one, obviously that present in the carboxyl group of 
the acid, must form a connecting link between the indole and the quinuclidine portion of the molecule. On 

hytochemical grounds the link is most probably in the 3-position of the indole nucleus, since most of the 
indole alkaloids of known structure can be regarded as derivatives of tryptamine. 


7 | aaa oN co- / 
A (rca MAL 4 


NH CH,OH NH CH,-OH HN, /CH-CH, 
(I.) (II.) 

As quinamine is neither phenolic nor ketonic and forms an N-nitroso-derivative, the two oxygen atoms 
must be present in carbinol groups attached to the 2- and the 3-position of the indole nucleus, giving structure 
(I) for quinamine. The presence of a secondary alcoholic group in the 3-position accords with the formation 
of a ketonic quinatoxin, quinamicine (II), by the action of dilute acetic acid on quinamine (Part I, loc. cit.). 
Evidence for the presence of a primary carbinol group in position 2 is furnished by the evolution of form- 
aldehyde (identified as its dimedon derivative) on heating either quinamine or dihydroquinamine above its 
melting point. A similar decomposition has been recorded by Fischer and Nenitzescu (Amnalen, 1925, 448, 
119), who obtained formaldehyde by heating 3-carbethoxy-5-hydroxymethy]l-2 : 4-dimethylpyrrole at 130°. 
The small amount of methyl iodide formed when quinamine is subjected to the Herzig—Meyer process for 
determination of methylimino-groups (Part I, loc. cit.) is probably due to this decomposition. 

When quinamine is treated with acetic anhydride the elements of water are lost and acetylapoquinamine 
is formed. Since N-nitrosoquinamine on treatment with acetic anhydride is acetylated but does not lose 
water, the hydrogen attached to the indole nitrogen atom must be involved in the reaction, and apoquinamine 
would then have structure (III). Tetrahydroapoquinamine presumably results through saturation of the 
vinyl group and opening of the 3-membered ring. 

In view of the constitution derived for quinamine, a tentative formula (IV; X = NO) for the compound 
C,H,O,N, (see above), obtained by nitric acid oxidation, may be suggested. This formula seems probable, 


en au H 
\ ' . 
</CHCHs 


N—CH, O, NH 
(III.) (IV.) 
as trinitrostrychol, which Tafel (A mnalen, 1898, 301, 336) obtained in the nitric acid degradation of strychnine, 
has been formulated by Menon and Robinson (J., 1931, 773) as (IV; X = NO,). : 

Indole alkaloids have been isolated from a number of botanically unrelated plants (cf. Witkop, Die Chemie, 
1943, 56, 265), but quinamine is the first recorded instance of such an alkaloid found in Cinchona. Yohimbine, 
another indole alkaloid, occurs in Pausinystalia Yohimba which is included in the same botanical tribe, viz., 
Cinchone@, as Cinchona. It has been suggested by Robinson (J., 1917, 111, 876) that the quinoline ring in 
quinine may have been formed in the plant from quinic acid; it seems likely, however, that the source of the 
indole nucleus in quinamine is tryptophan. Ifthe 3-membered ring, postulated above for apoquinamine, were 
to be opened by rupture of the C—N bond in the pyrrole nucleus a quinoline would result, a change which could 
form a hypothetical connection between quinamine and the other cinchona alkaloids of known constitution. 





EXPERIMENTAL. 


Nitric Acid Oxidation.—Quinamine (8 g.) in nitric acid (8 c%., 10%) was cooled and treated slowly with nitric acid 
(100 c.c., d 1-42). The solution became bright green, changing quickly to dark brown; it was then heated for 48 hours 
on a water-bath, poured into a.large volume of water, partly neutralised with ammonia, and extracted continuously 
in turn with ether and ethyl acetate. The ethereal extract on evaporation yielded picric acid, and the ethyl acetate a 
yellow resin containing some crystalline solid. Crystallisation from alcohol, followed by three crystallisations from 
water, gave yellow needles, m. p. 303—306° (decomp., corr.) (Found: C, 38-9; H, 1-4; N, 19-6. C,H,O,N, requires 
C, 38-6; H, 1-4; N, 20-0%). 

Nitro- and Nitronitroso-quinamine.—Nitrous fumes (from nitric acid and arsenious oxide) were passed for an hour 
through a suspension of, quinamine (2 g.) in ethanol (5c.c.). The solution turned through green to brown, and was 
poured into water (100 c.c.), made alkaline with sodium carbonate, and extracted with ether. The solvent on evapor- 
ation furnished a solid residue, which on crystallisation from ethanol gave a mixture of a fine powder (m. p. ~250°) 
and well-formed crystals (m. p. ~185°) which were easily separated mechanically. Each fraction was dissolved in 
benzene and poured through a column of alumina. In each case the yellow benzene filtrate on evaporation gave a 
solid which formed yellow rods from ethanol, m. p. 185° (corr.), and proved to be a.nitronitrosoquinamine [Found : 
C, 59-45; H, 5-7; N, 14-0. C,,H,,0,N,(NO)(NO,) requires C, 59-05; H, 5-7; N, 145%]. The compound gave a 
positive Liebermann reaction. The alumina on elution with benzene—methanol (20: 1) yielded a nitroquinamine, pale 
yellow needles, from methanol, m. p. 284—288° (corr.), [a]p + 79-1° (c 0-826 in n/10-H,SO,) [Found : C, 63-8; H, 6-5; 
N, 11-4, C,,H,,0,N,(NO,) requires C, 63-8; H, 6-5; N, 11-75%]. Both these compounds are insoluble in 50% potassium 
hydroxide solution. 

Tetranitronitrosodihydroquinamine.—Nitrous fumes were passed for 1} hours through a cooled solution of quinamine 
(5 g.) in 10% nitric acid (40 c.c.). A yellow resin separated: after the addition of a further quantity of 10% nitric 
acid (10 c.c.) and nitric acid (40 c.c., d 1-42), the solution was heated for an hour on the water-bath, cooled, and poured 
into water (500 c.c.). The precipitate which formed (3-5 g.) was crystallised by dissolution in warm concentrated nitric 
acid and gradual addition of 10% nitric acid, whereupon it separated in fine yellow needles decomposing explosively 
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at 210—212°. This is presumably the nitrate; it was converted into the hydrochloride by boiling with 10% hydro- 
chloric acid, from which it separates in yellow needles, m. p. 227° (decomp., corr.) [Found: C, 41-3; H, 3-9; N, 16-5; 
Cl, 62. Cy9H,,O,N,(NO,),(NC),HCI requires C, 40-8; H, 4-0; N, 17-5; Cl, 6-3%]. Tetranitronitrosodihydroquin. 
amine is soluble i in 10% KOH t a red solution the colour of which fades on standing. 

Nitronitroso- and Dinitro-dihydroquinamine. —Dihydroquinamine (1-0 g.), treated in ethanolic suspension with 
nitrous fumes in the manner described above for quinamine, yielded to ethyl acetate extraction a mixture of crystalline 
compounds which were separated by extraction with a small quantity of acetone. The acetone-insoluble fraction 
(0-4 g.) separated from ethanol in yellow rods, m. p. 228—230° after darkening at 194°, and consisted of a nitronitroso- 
dihydroquinamine [Found: C, 58-8; H, 6:1; N, 14-:0.. C,,H,,0O,N,(NO,)(NO) requires C, 58-75; H, 6-2; N, 144%]. 
The acetone-soluble fraction crystallised from ethanol in yellowish-brown needles, m. p. 146—148° (corr.), and has the 
composition of. a dinitrodihydroquinamine [Found: C, 56-55; H, 6-15; N, 13-9. C,,H,,O,N,(NO,), requires C, 56-45; 
H, 6:0; N, 13-9%]. 

Zinc dust wishilation. Quinamine (4 g.) was mixed with zinc dust (30 g.) and an equal bulk of powdered pumice and 
heated in a metal-bath at 320° for 3 hours in current of hydrogen; the distillate was dissolved in ether, the ether evapor- 
ated, and the residue, after being acidified (litmus) with dilute sulphuric acid, was distilled with steam. The bulky 
steam-distillate was extracted with ether, the solvent removed, and the semicrystalline residue (0-3 g.) purified by 
solution in petroleum (b. p. 40—60°) and passage through a column of alumina. The residue obtained on evaporation 
of the petroleum was treated with a benzene solution of picric acid (0-5 g.), whereupon a picrate separated in reddish- 
brown needles, m. p. 157—-159°, giving no depression on admixture with synthetic 2 : 3-dimethylindole (Found: C, 51-0; 
H, 3-7; N, 15-3. Calc. for C,49H,,N,C,H,O,N,: C, 51-3; H, 3-8; N, 15-0%). 

Liberation of Formaldehyde from Quinamine. —Quinamine (6 g.) was heated at 210° for 14 hours in a current of 
nitrogen, and the gases passed through a solution of dimedon (0-2 g. ), in water (50 c.c.). The precipitate which formed 
(25 mg.) was collected and recrystallised from methanol; m. p. 189°, not depressed on admixture with an authentic 
specimen (Found: C, 69-8; H, 8-45. Calc. for C17H,,0,: C, 69-8; 'H, 8- 30): Dihydroquinamine (5 g.) under the 
same conditions gave 24 mg. of formaldehyde dimedon derivative, m. p. 189 


The author thanks Dr. T. A. Henry and Mr. T. M. Sharp, M.Sc. Tech., for advice, and Mr. A. Bennett for the 
microanalyses. 
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135. Dehydrogenation of Tetrahydrocarbazoles by Chloranil. 
By (Miss) Brsstr M. Barctay and NEIL CAMPBELL. 


Chloranil has been shown to be an excellent dehydrogenating agent for the preparation of carbazoles from 
tetrahydrocarbazoles. Twenty carbazoles have been obtained in this way, the yields in most cases lying 
between 75 and 95%. Mixtures of tetrahydrocarbazoles obtained from cyclohexanone-m-phenylhydrazones 
may be separated by chromatographic adsorption on alumina. 


THE dehydrogenation of the readily obtained substituted 1: 2:3: 4-tetrahydrocarbazoles forms one of the 
best methods for the preparation of substituted carbazoles (Borsche, Witte, and Bothe, Aunalen, 1908, 359, 
49). The reagents employed for this purpose have proved successful only in a few cases: yields are generally 
poor and in some cases substituents are removed during the process. For example, 6- and 8-chlorotetra- 
hydrocarbazoles when passed over heated lead oxide gave carbazole (idem, ibid.), and the same result was 
obtained when 7-chloro- and 8-carboxy-tetrahydrocarbazole were oxidised by palladised charcoal in a stream 
of hydrogen (Plant and Moggridge, J., 1937, 1125). Dehydrogenation with sulphur and quinoline has been 
proved to be of service (Perkin and Plant, J., 1923, 128, 676), but the yields are low (15—30%) and in some 
cases, such as that of 6-nitrotetrahydrocarbazole, intractable tars are obtained. The need of a dehydrogenating 
agent free from such disadvantages is obvious (cf. idem, J., 1921, 119, 1825). It is now shown that chloranil 
in boiling xylene is a most satisfactory dehydrogenating agent, high yields of clean products being obtained 
(see table). The claims of Arnold and his co-workers (J. Amer. Chem. Soc., 1939, 61, 1407; 1940, 62, 983), 
who used this method to prepare aromatic hydrocarbons, are thus confirmed. It is also clear that dehydro- 
genation alone occurs, sensitive groups such as the nitro- and carboxy-groups remaining intact. The method 
can be used for both large- and small-scale preparations, its only disadvantage being the rather long time 
(24 hours in some cases) required for complete dehydrogenation. 


Summary of Results. 
, Time of Time of 
Original Product heating Yield, Original Product heating Yield, 
carbazole. carbazole. (hrs.). carbazole. carbazole. (hrs.). %. 

Tetrahydro- Unsub. 5-Chlorotetrahydro- 4-Chloro- 
Hexahydro- 4 5 : 8-Dichlorotetrahydro- 1: 4-Dichloro- 
Dihydro- + 8-Bromotetrahydro- 1-Bromo- 
8-Nitrotetrahydro- 1-Nitro- - 7-Bromotetrahydro- 2-Bromo- 
7-Nitrotetrahydro- 2-Nitro- 6-Bromotetrahydro- 3-Bromo- 
7-Nitrohexahydro- 2-Nitro- 5-Bromotetrahydro- 4-Bromo- 
6-Nitrotetrahydro-  3-Nitro- 8-Carboxytetrahydro- 1-Carboxy- 
5-Nitrotetrahydro- 4-Nitro- (ethyl ester) (ethyl ester) 
8-Methyltetrahydro- 1-Methyl- 6-Carboxytetrahydro- 3-Carboxy- 

2-Methyl ydro- 2-Methyl- (ethyl ester) - (ethyl ester) 
6-Methyltetrahydro- 3-Methyl- 6-Carboxytetrahydro- 3-Carboxy- 
8-Chlorotetrahydro- 1-Chloro- 6-Ethoxytetrahydro- 3-Ethoxy- 


7-Chlorotetrahydro- 2-Chloro- 9-Phenyltetrahydro- 9-Pheny]- 
6-Chlorotetrahydro- 3-Chloro- 
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Schmidt and Sigwart (Ber., 1913, 46, 1491) noted that dihydrocarbazole was partly oxidised by benzo- 
quinone to carbazole, and that 9-methylhexahydrocarbazole reduced benzoquinone to quinol but did not 
investigate the matter further. We have found that benzoquinone did not oxidise tetrahydrocarbazole to 
any extent, but a considerable amount of tar was obtained. 

Most of the carbazoles listed in the table have been previously prepared, but, with the preparation of 1-, 
9-, and 4-bromo- and 2- and 4-nitro-carbazoles for the first time, all the isomeric monobromo- and mononitro- 
carbazoles are now known. 

The apparently homogeneous compound, m. p. 154° (Borsche’s compound), obtained when Fischer’s indole 
synthesis is applied to cyclohexanone-m-nitrophenylhydrazone (Borsche, Witte, and Bothe, loc. cit.; Perkin 
and Plant, loc. cit.), was shown by Plant (J., 1936, 899) to be a mixture of 5- and 7-nitrotetrahydrocarbazoles, 
though the 5-isomer was not isolated. We have found that the mixture can be separated into its isomers by 
chromatographic adsorption of a benzene solution on alumina, 5-nitrotetrahydrocarbazole, m. p. 155—156°, 
being obtained along with the known 7-isomer. Our results indicate that Borsche’s compound is composed 
of equal weights of the two isomers, in contrast to Plant’s conclusion (loc. cit.) that the ratio of 5- to 7-isomer 
was approximately 2:1. In support of our conclusion, we found that hot alcoholic solutions containing 
equal weights of the isomers on cooling deposit Borsche’s compound almost quantitatively. In view of its 
homogeneous appearance under the microscope and its sharp m. p., which is not altered by crystallisation 
from various solvents, we regard Borsche’s compound as an equimolecular compound of the two constituents. 

Separation of the isomers gave two compounds, m. p. 171—172° and 155—156°. The former must be 
7-nitrotetrahydrocarbazole (Plant, Joc. cit.), and the latter consequently is the 5-isomer. Dehydrogenation 
of the isomers resulted in the preparation of 2- and 4-nitrocarbazoles, the former being identical with the 
dehydrogenation product of 7-nitrohexahydrocarbazole (Gurney, Perkin, and Plant, J., 1927, 1320; Plant, 
loc. cit.). It is noteworthy that, whereas hexahydrocarbazole is dehydrogenated completely in one hour, 
7-nitrohexahydrocarbazole requires 19 hours. 

Theoretically, 3-methylcyclohexanonephenylhydrazone can undergo cyclisation to give two isomeric 
methyltetrahydrocarbazoles, but the only product we were able to isolate was 2-methyltetrahydrocarbazole, 
which on dehydrogenation yielded 2-methylcarbazole. This confirms the orientation of the former compound 
(Borsche, Witte, and Bothe, Joc. cit.). 

It was shown by Plant and Wilson (J., 1939, 237) that cyclohexanone-m-bromophenylhydrazone underwent 
ting closure to give a mixture of 5- and 7-bromotetrahydrocarbazoles, only the latter being isolated as a 
crystalline compound. We have obtained the former in crystalline form though analysis indicated that it 
was not quite pure. Pure 2- and 4-bromocarbazoles, however, were easily obtained by dehydrogenation. 
The structures of these compounds follow from those of 5- and 7-bromotetrahydrocarbazoles which were 
determined by Plant and Wilson (loc. cit.). 

Tetrahydrocarbazolecarboxylic acids are dehydrogenated by chloranil to the corresponding carbazole 
acids in good yield; it is preferable, however, to use methyl or ethyl esters, as they are readily separated 
from the tetrachloroquinol formed during the reaction. 

Hexahydrocarbazole was dehydrogenated by chloranil much more quickly than tetrahydrocarbazole—a 
somewhat unexpected result, for it is known that other forms of dehydrogenation, such as that with selenium, 
are not effective with fully reduced rings. Another unexpected result was the time required to dehydrogenate 
dihydrocarbazole (24 hours) in view of the ease with which it is oxidised by benzoquinone and other agents 
(Schmidt and Schall, Ber., 1907, 40, 3225; Schmidt and Sigwart, Joc. cit.). The structure of this compound, 
however, has not been unequivocally determined and we are at present engaged upon this. 



















EXPERIMENTAL. 


Unless otherwise stated, the preparation, purification, and properties of compounds are those given in the literature. 
The purity of compounds was checked by the sharpness of their m. p.’s on a Fuchs micro-m. p. apparatus (Mikrochim. 
Ada, 1937, 2, 317); sublimation was also detected by means of this apparatus. Analyses were done by Drs. Weiler 
and Strauss, Oxford, and Mr. Macdonald, Heriot-Watt College, Edinburgh. Some of the picrates and phenylhydrazones 
(decomposed in air and in consequence gave unsatisfactory analyses. 

In all the chromatographic adsorption experiments, aluminium oxide (Brockmann) was used as adsorbent, benzene 
# solvent, and benzene (3 parts)—light petroleum (b. p. 100—120°, 1 part) as developer. 

Except 3-ethoxy- and 1-nitro-carbazole, all the carbazoles give a strong greenish-blue colour with sulphuric acid 
ad a drop of nitric acid. 

Substituted Phenylhydrazines—Many methods for the preparation of the required substituted phenylhydrazines 
Were unsatisfactory. Reduction of the diazotised toluidines with sodium bisulphite gave excellent yields of the tolyl- 
tydrazines, but was valueless for the preparation of the halogenophenylhydrazines. The method finally adopted was 
the stannous chloride reduction of diazonium salts in a large excess of concentrated hydrochloric acid (see Biilow, Ber., 
1918, 51, 404). Yields of pure phenylhydrazines: o-bromo-, 80; p-bromo-, 80; m-bromo-, 75; o-chloro-, 90; m-chloro-, 
"); o-carboxy-, 60; p-carboxy-phenylhydrazine, 50%. 

The phenylhydrazines were immediately converted into the corresponding hydrazones, as some of them decom- 


- Be standing; some, however, e.g., 2 : 5-dichlorophenylhydrazine, are stable provided they are not purified by 
tystallisation. 

Considerable difficulty was encountered in the preparation of p-ethoxyphenylhydrazine. Hoshino and Takiuri’s 
method (Bull. Chem. Soc. Japan, 1936, 11, 218) gave very unsatisfactory results. The method finally adopted was the 
Mowing, care being taken to avoid the excess of nitrous acid used by the Japanese workers. -Phenetidine (17 g.) in 
lute hydrochloric acid (200 c.c.) was added with stirring to cooled concentrated hydrochloric acid (320 c.c.). The 
sulting suspension was cooled to — 3° and diazotised with a solution of sodium nitrite (20 g. in 90 c.c. of solution) 
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until a definite positive starch-iodide test was obtained 5 minutes after the last drop of nitrite solution had been added 
(43 c.c. of solution: slight exzess). The solution was cooled to — 5°, and a solution of stannous chloride (64 g. ss A.R.” 
in 80 c.c. of concentrated hydrochloric acid) run in with stirring so that the temperature never rose above + 3°. The 
mixture was then shaken thoroughly and kept for 3 hours in an ice mixture. The precipitate was filtered off, washed 
with saturated sodium chloride solution, then shaken with 300 c.c. of 2nN-sodium hydroxide, extracted with ether, and 
the extract dried (sodium sulphate). On evaporation, plates were obtained (15 g.; 85%). : 

Phenylhydrazones.—Most of the phenylhydrazones were prepared by gently heating equimolecular mixtures of the 
phenylhydrazines and ketones either alone or in alcohol, but the hydrazino-benzoic acids gave the best results when 
shaken with a hot aqueous suspension of the ketone. cycloHexanone-2 : 5-dichlorophenylhydrazone, colourless prisms 
(methyl alcohol), m. p. 65° (Found: N, 10-9. C,,H,,N,Cl, requires N, 10-9%). ; . 

Substituted Tetrahydrocarbazoles.—Cyclisation of the phenylhydrazones generally occurred readily on heating with 
ten times their weight of dilute sulphuric acid (1:9 by vol.), but purer products were obtained when the heating was 
omitted and the mixture merely shaken. On the other hand, cyclohexanone-o-tolylhydrazone and -2 : 5-dichlorophenyl- 
hydrazone required 6 and 44 hours’ refluxing, respectively. The product obtained from treatment of the nitrophenyl- 
hydrazones often contained \unchanged hydrazone, and if so it was ground to a fine powder and again treated with 
dilute sulphuric acid. cycloHexanone-2 : 4-dinitrophenylhydrazone could not be made to undergo ring closure. 6-Ethoxy- 
tetrahydrocarbazole was obtained as an oil by mixing p-ethoxyphenylhydrazine (15 g.) with cyclohexanone (9-7 ¢) 
and subsequent treatment with dilute sulphuric acid. The oil was dissolved in methyl alcohol, an equal volume oj 
boiling water added, and the mixture allowed to cool. Crystals were then separated from the semi-solid mass, which 
on repeated treatment with methyl alcohol and boiling water gave more clean crystals. In all, 6 g. of 6-ethoxy- 
tetrahydrocarbazole were collected and crystallised from methyl alcohol in clean needle-prisms, m. p. 102—104° (lit. 
105—106°). 

5 : 8-Dichlorotetrahydrocarbazole was obtained with some difficulty in poor yield by the standard method and also 
by heating cyclohexanone-2 : 5-dichlorophenylhydrazone with a mixture of equal weights of concentrated hydrochloric 
acid and alcohol; colourless square plates, m. p. 91—93°, by repeated precipitation of alcoholic solutions with water 
(Found: N, 5-9; Cl, 28-9. C,,H,,NCl, requires N, 5-8; Cl, 29-5%). 6-Bromotetrahydrocarbazole picrate, orange-red 
elongated prisms, m. p. 135°, decomposes in air (Found: N, 12-3. C,,H,,0,N,Br requires N, 11-7%). 

Chloranil Dehydrogenations—1—2 G. of the substituted tetrahydrocarbazole, chloranil (exactly 2 mols.), and the 


_ Minimum volume of boiling, sulphur-free xylene required to form a clear solution were refluxed until a few drops of 


the solution gave no red colour when heated with sodium hydroxide (1—24 hours, see table). The solution was then 
cooled, separated from tetrachloroquinol, diluted with ether, shaken first with sodium hydroxide and then with water, 
and finally dried (sodium sulphate). On evaporation of the solvents, the impure crystalline compound separated and 
was purified by crystallisation from methyl alcohol, benzene, or xylene; when this method failed, purification was 
effected by chromatographic adsorption. ‘The resulting carbazoles were identified by their m. p.’s, mixed m. p.’s with 
authentic samples, picrates, coloration tests where possible, and in some cases by analysis. : ais : 

Small quantities of yellow compounds which gave the characteristic ‘‘ carbazole test ” with sulphuric and nitric acids 
were isolated. They had high m. p.’s and might be dicarbazyls, but were not further investigated. q : 

Nitrocarbazoles.—1-Nitrocarbazole, yellow-brown needles (alcohol), m. p.. 185—187° (lit., 187°), sublimes in yellow 
prisms. 3-Nitrocarbazole, yellow crystals (xylene), m. p. 203—206° (lit. 213°). 7-Nitrohexahydrocarbazole on de- 
hydrogenation gave 2-nitrocarbazole, which crystallised from benzene (twice) in yellow elongated prisms, m. p. 164— 
166°, undepressed in admixture with substance prepared as below. 

A mixture of 5- and 7-nitrotetrahydrocarbazoles, obtained from cyclohexanone-m-nitrophenylhydrazone, had m. P- 
154—155° (Borsche’s compound). It wasinvariably obtained in compact red or orange-red prisms from various solvents. 
In this way it differs from one of its components, 5-nitrotetrahydrocarbazole, m. p. 155—156° (see below), which crys- 
tallises from methyl ‘alcohol in compact prisms, but from aqueous methyl alcohol in elongated prisms. The two com- 
pounds when mixed show a m. p. depression. When 4 mg. of each of 5- and 7-nitrotetrahydrocarbazoles were dissolved 
in the minimum volume of boiling alcohol, and the solution cooled, 6 mg. of compact red prisms separated, m. p. 154— 
155°, giving no depression when mixed with Borsche’s compound. : 

Borsche’s compound (3-2 g.) was resolved into its components by chromatography in benzene solution (300 c.c.) 
through a column, 30” x }”. Two distinct bands resulted, the upper layer orange-red, and the lower bright orang? 
yellow. The lower layer was completely washed through the column, and partial evaporation of the solvent gave 
5-nitrotetrahydrocarbazole in orange-red, elongated prisms (1-40 g.), m. p. 155—156° (Found : C, 66-3; H, 5-75; N, 134. 
C,,H,,0,N, requires C, 66-6; H, 5-6; N, 13-2%). Dehydrogenation gave 4-nitrocarbazole, orange prisms (benzene, 
charcoal), m. p. 179—180° (sublimes) (Found: C, 67-4; H, 3-71; N, 12-9. C,,H,O,N, requires C, 67-9; H, 3%: 
N, 13-1%). The upper layer was extracted repeatedly with hot alcohol, the solution evaporated to 50 c.C., and 50 c.c. 
of hot water added. Orange, elongated prisms (1-40 g.) of 7-nitrotetrahydrocarbazole, m. p. 171—172°, aageested © 
cooling. The compound, which can be crystallised from benzene, was oxidised to 2-nitrocarbazole, Mm. p. 165—16 A 
yellow plates (benzene, charcoal) (Found : C, 67-0; H, 3-79; N, 13-1%). A mixed m. p. with 7-nitrotetrahydrocarbazole 
showed a depression of 20°. 9 133° 

In a second experiment Borsche’s compound (2-31 g.) was dehydrogenated for 25 hours. A product, m. p. 132——ls 
(60% yield), was obtained, 1/14 g. of which were dissolved in benzene (100 c.c.) and chromatographed (column 15” » } ; 
Two coloured bands resulted, the orange-yellow lower band being washed through the column. The compound obtaine 
by evaporation of the solvent and recrystallisation from benzene was 4-nitrocarbazole (0-33 g.), m. p. and mixed ver Fi 
with aboye sample 182—183° (Found: C, 67-4; H, 4-13%). The upper deep-orange layer was repeatedly extracted 
with methyl alcohol which, on evaporation to 50 c.c. and addition of boiling water (50 c.c.), gave 0-49 g. of crude wd 
carbazole, m. p. 165—166° after recrystallisation from benzene: no m. p. depression when mixed with the dehydro 
genation product of 7-nitrotetrahydrocarbazole. From the middle region in the column 0-21 g. of a mixture, ™. Pp. 
150—170°, was obtained, giving a total of 1-03 g. (90% recovery). ‘ f ted 

The four nitrocarbazoles give a bright red colour with methyl-alcoholic potassium hydroxide. With concentra 
sulphuric acid 1-nitrocarbazole gives a bluish-black colour, and 3-nitrocarbazole a brilliant red. ‘ a: 

Methylcarbazoles.—cycloHexanone-o-tolylhydrazone, crystallised from methyl alcohol, had m. p. 61—62° —— j 
N, 10-0. C,,;H,,N, requires N, 13-8%) ; it decomposes rapidly at room temperature. Proof of its constitution is ww c 
by its conversion into 8-methyl-1 : 2 : 3 : 4-tetrahydrocarbazole, colourless plates, m. p. 97—98° (Found: N, 7-3. Cis 130 
requires N, 7-6%); picrate, chocolate-brown needles (after two crystallisations from methyl alcohol), m. p. 131— wd 
(Found: N, 15-1. C,H,,0,N, requires N, 13-5%), decomposing on standing. 1-Methylcarbazole formed colourles 
plates, m. p. 110—114° (lit., 120°), from light petroleum (b. p. 80—100°); picrate, m. p. 143° (lit. 143-5°). tolyl- 

6-Methyl-1 : 2 : 3: 4-tetrahydrocarbazole was obtained in 50% yield when cyclohexanone was shaken with ?- dicte 
hydrazine hydrochloride and sodium acetate, there being oremmmitly sufficient free acid to convert the ee ~ 
tolylhydrazone into the tetrahydrocarbazole; m. p. 141—142° (Found: N, 7-75%). 3-Methylcarbazole, m. p. |" 
202° (lit. 203°); picrate, red needles, m. p. 179—181° (lit. 180°). 


-166°, 


. }”) 
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3-Methylcyclohexanonephenylhydrazone (27 g.) was converted in the usual manner into a yellow oil which distilled 
at 180—200°/20 mm., forming a solid which crystallised from alcohol in white crystals (6 g.), m. p. 94° (lit. eet 
This was shown to be 2-methyl-1 : 2 : 3 : 4-tetrahydrocarbazole, since on dehydrogenation a good yield of 2-methy 
carbazole, m. p. 259° (lit. 259°), was obtained (Found : C, 85-8; H, 5-8. Calc. for C,,H,,N: C, 86-2; H, 6-1%); picrate, 
bright orange-red, elongated prisms, m. p. 166° (lit. 167°). No 4-methyltetrahydrocarbazole was detected. 

Bromocarbazoles.—3-Bromocarbazole, m. p. 201—202° (lit. 201°). 1-Bromocarbazole, from the semi-solid mass 
obtained by treatment of cyclohexanone-o-bromophenylhydrazone and assumed to be 8-bromotetrahydrocarbazole, 
was purified by chromatographic adsorption and trituration with light petroleum; m. p. 111—112° (Found: Br, 32-2. 
C,,H,NBr requires Br, 32-5%). 

The mixture of 5- and 7-bromotetrahydrocarbazoles, obtained by the method of Plant and Wilson (J., 1939, 237), 
was cryStallised from alcohol, and the precipitate of the 7-isomer removed. The filtrate was evaporated to remove 
alcohol completely, and the resulting oil (2-8 g.) dissolved in benzene and chromatographed (18” x }?’ column). The 
eluate was collected in 50-c.c. fractions, and from the first three, plates separated which after one crystallisation from 
alcohol melted at 171—172° (lit. 183°) and were found to be impure 7-bromotetrahydrocarbazole. The 5-isomer is 
more strongly adsorbed on alumina and from the next three fractions nodules of crystals separated on partial evapor- 
ation. 5-Bromotetrahydrocarbazole was crystallised several times from alcohol (hexagonal prisms or plates) and once 
from benzene; m. p. 131—132° (Found: Br, 29-2. C,,H,,NBr requires Br, 32-0%). On dehydrogenation 4-bromo- 
carbazole was obtained (see below). 

In a second experiment cyclohexanone-m-bromophenylhydrazone (24 g.) was cyclised by gently warming it in a 
mixture of water (170 c.c.), alcohol (100 c.c.), and concentrated sulphuric acid (30 c.c.) until a clear solution resulted ; 
5-5 g. of crystalline 7-bromotetrahydrocarbazole, m. p. 150° wren were obtained, as shown by m. p. 178° after 
chromatographic adsorption and crystallisation from methanol-ethanol. The filtrate on treatment with a little water 


ielded first some of the 7-isomer (1 g.) and then an oil, which was dissolved in ether, washed with water, and dried 
(sodium sulphate). On evaporation, an oil (8-5 g.) separated, 2-88 g. of which were dehydrogenated and two-thirds of 
the xylene evaporated ; 0-24 g. of 2-bromocarbazole was obtained, m. p. and mixed m. p. 247—-248° (mixed m. p. depres- 
sion with carbazole). The xylene filtrate was then evaporated to dryness, and the residue (2-10 g.) dissolved in benzene 


(25 c.c.) and chromatographed (column, 18” x ?”). Eight 30-c.c. fractions, each giving the carbazole colour test, 
were collected and evaporated. The first three fractions afforded small amounts of a high-melting, yellow product, 
and fractions 5—8 gave 1-17 §. of 4-bromocarbazole, which was purified by several recrystallisations from aqueous methyl 
alcohol; m. p. 104—105° (Found: Br, 33-2%). This is much more soluble in glacial acetic acid than is the 2-isomer. 
The original oil is clearly a mixture, with the 5-bromo-compound predominating. 

2-Bromocarbazole, from 7-bromotetrahydrocarbazole, was obtained in colourless plates from glacial acetic acid, 
m, p. 250—251° (Found: Br, 32-4%). 

Chlorocarbazoles.—3-Chlorocarbazole, pore | flakes (acetic acid), m. p. 199—200° (lit. 201-5°). 1-Chlorocarb- 
azole, colourless plates from methyl alcohol or benzene, m. p. 109—110° (lit. 125°) (Found : Cl, 13-4. Calc. for C,,H,NCI: 
Cl, 140%). 1: 4-Dichlorocarbazole, purified by chromatographic adsorption and crystallisation from xylene; plates, 
m., p. 84—85° (Found: Cl, 29-3. C,,H,NCl, requires Cl, 30-05%). 

5- and 7-Chlorotetrahydrocarbazoles were obtained in the same way as the corresponding bromo-compounds (above). 
The former tetrahydrocarbazole could not be made to crystallise, but on dehydrogenation it yielded crystalline 4-chloro- 
carbazole, the m. p. of which, and also of the 2-chlorocarbazole (obtained by dehydrogenation of 7-chlorotetrahydro- 
carbazole), agree with those given by Moggridge and Plant (J., 1937, 1128). 

Carbazole-carboxylic Acids.—Ethyl carbazole-3-carboxylate, needle prisms (benzene and light petroleum), m. p. 
156—157° (lit. 165°), was hydrolysed to the acid, colourless plates (glaofal acetic acid), m. p. 272—274° (lit. 276—278°). 
This acid was also obtained by dehydrogenation of tetrahydrocarbazole-6-carboxylic acid. Ethyl carbazole-1-carboxylate, 
m. p. 106—107° (Found: C, 74-8; H, 5-3. C,;H,,0,N requires C, 75-3; H, 5-5%), was hydrolysed to the acid, colour- 
less prisms (glacial acetic acid, charcoal), m. p. 271—273° (lit. 270—271°), which sublimed in colourless needles. 

3-Ethoxycarbazole (0-43 g.), m. p. 85—95°, was obtained with some difficulty from the tetrahydro-compound, and 
purified by chromatographic adsorption (column 74” x 4’) and then by crystallisation (50% methyl alcohol); m. p. 
105—106° (lit. 106—107°) (Found: N, 6-4. Calc. for C,;H,,ON: N, 6-6%). 

N-Phenyltetrahydrocarbazole, prepared from nitrosodiphenylamine by the method of Linnell and Perlsin (J., 1924, 
125, 2451), was dehydrogenated to N-phenylcarbazole, which gave a deep bluish-green colour with sulphuric and nitric 
acids, perhaps owing to the presence of a trace of diphenylaniine. 


Thanks are due to the Moray Fund for a grant; to Mrs. Marjory Campbell, Mr. R. Gow, and Miss Ester Caplan 
for assistance in the experimental work; and to Dr. S. H. Tucker for kindly sending us specimens for mixed m. p. 
' determinations. 
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136. The Synthesis of 3-Methylisoquinolines. Part I. 


By G. R. Cremo and J. H. TURNBULL. 
The ready synthesis of 3-methyldihydroisoquinolines of type (II) from eugenol is described. 


As one aspect of some work proceeding in these laboratories, we have synthesised the hitherto little described 
3-methyldihydroisoquinolines of type (II). In view of the recent appearance of an abstract of the paper 
(Ber., 1943, 76, 1216), in which Fodor describes the synthesis of 1 : 3-dimethylisoquinolines from isoeugenol 
y-nitrosite, it appears desirable to place our results to date on record. 


Meo? e 
\ | 
a) 5 Oe OO: ar) 


The literature contains few references to the synthesis of any phenolic isoquinolines. These have been 
Prepared, by a modified Decker method, from acyl-$-phenylethylamines or isopropylamines in which the 
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hydroxyl groups have been suitably protected (Tomita and Watanabe, J. Pharm. Soc. Japan, 1938, 58, 75}: £ 
Spath, Orechoff, and Kuffner, Ber., 1934, 67, 1214; Spath, Monatsh., 1922, 48, 477). The lack of data y = 
such type (II) phenolic isoquinolines is doubtless due to the previous inaccessibility of phenolic @-pheny). y 
tsopropylamines, on account of the several stages involved in their preparation from the appropriate aldeh de; J sk 
by Claisen and Reformatsky condensations (cf. Buck and Ide, J. Amer. Chem. Soc., 1939, 62, 425). 3-Meth-1. ¥% 
isoquinolines (type I) are likely to be of pharmacological interest, since the introduction of C-methyl groips § {7 
usually tends to lower the toxicity (cf. Sugasawa and Sugimito, J. Pharm. Soc. Japan, 1941, 61, 62). 

The starting material for the work now described is 4-hydroxy-3-methoxy-8-phenylisopropylamine (I), which § dis 
is now easily obtainable from eugenol. The preparation of this compound from vanillin benzyl ether has als § ™ 
been described (Robinson and Lowe and I.C.I. Ltd., B.P. 519,894). ‘ 

Treatment of eugenol with hydrogen bromide yields §-bromodihydroeugenol (cf. additiou of hydroga 
bromide to safrole and methyleugenol, Robinson and Zaki, J., 1927, 2489; Orcutt and Bogert, J. Amer, 
Chem. Soc., 1936, 58, 2057; Lin and Robinson, J., 1938, 2008). The addition of hydrogen chloride 
is readily effected in a similar manner, giving $-chlorodihydroeugenol. This closely resembles the $-bromo. 
compound in properties, but the greater reactivity of the bromine atom in the latter renders it more useful 
in the preparation of bases. 

Eugenol does not readily react in the cold with gaseous hydrogen bromide, but with the saturated aqueous 
acid, addition occurs slowly. 

Although 8$-bromodihydroeugenol is readily polymerised by dilute sodium hydroxide solution, it reacts 
under pressure with alcoholic ammonia to give 4-hydroxy-3-methoxy-$-phenylisopropylamine (I). Alcoholic 
methylamine reacts similarly, yielding 4-hydroxy-3-methoxy-B-phenyl-N-methylisopropylamine. The yield of 
the former amine is not appreciably increased by protecting the phenolic group by benzoyl, the latter being 
readily split off as benzamide. None of the methods used by Backeberg and Marais (J., 1942, 381) improved 

' the yield of amine. Attempts to prepare it by the Gabriel method were unsuccessful, because of the low 
reactivity of the bromine atom and the tendency of the bromo-compound to lose hydrogen bromide at higher 
temperatures. , 

The method used by Frankel and Zeimer (Biochem. Z., 1920, 110, 244) for the cyclisation of tyramine failed 
when applied to 4-hydroxy-3-methoxy-f-phenylisopropylamine, but the diacetyl derivative of the latter 
amine was smoothly cyclised to the corresponding 3 : 4-dihydroisoquinoline by phosphorus oxychloride in 
toluene. This work is being extended. 
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EXPERIMENTAL. 


B-Bromodihydroeugenol.—Eugenol (7 g., freshly distilled; b. p. 95—97°/2 mm.) was saturated with dry hydrogen 
bromide at 0°. Aqueous hydrogen bromide (28 g., saturated at 0°) was added gradually with shaking and ice-cooling, 
and the mixture kept for 3 or 4 days with occasional shaking at room temperature. The precipitated oil was taken up 
in chloroform, washed with water and sodium \bicarbonate solution till neutral, dried (sodium sulphate), and distilled 
in a vacuum (slight decomp.) as a faintly pink viscous oil (7-7 g., b. p. 130—134°/2 mm.). 

Benzoyl-B-bromodihydroeugenol.—B-Bromodihydroeugenol (0-5 g.) was dissolved in pure dry pyridine (0-5 c.c.), and 
benzoyl chloride added dropwise with mixing. The product became warm, and the white pasty mass was kept for 10 
minutes at room temperature, and then diluted with water. The precipitated oil soon crystallised to a white solid, 
and was recrystallised twice from dilute alcohol, forming glistening leaflets (0-6 g.), m. p. 80—81° (Found: C, 57-7; 

B-Chlorogihydroeugenol.—Eugenol (6 g., freshly distilled) was saturated with dry hydrogen chloride at 0°. Aqueous 
hydrogen chloride (23 c.c. saturated at 0°) was added, this addition and the subsequent treatment being as for the 
bromo-compound, except that occasional saturation with hydrogen chloride was necessary. The product was a colour- 
less, viscous oil (5 g., b. p. 112—115°/2 mm.). 

Benzoyl-B-chlorodihydroeugenol.—f-Chlorodihydroeugenol (0-5 g.) was benzoylated and the product worked up exactly 
as in the case of the bromo-compound, to give glistening leaflets from dilute alcohol (0-5 g., m. p. 79—80-5°. Found: 
C, 66-5; H, 5-8. C,,H,,0,Cl requires C, 66-9; H, 5-6%). 

4-Hydroxy-3-methoxy-B-phenylisopropylamine.—B-Bromodihydroeugenol (5-5 g.) was dissolved in alcohol (55 c.c.) 
in a thick-walled tube, the solution cooled in ice, and saturated with dry ammonia. A white crystalline ammonium 
salt separated. The tube was sealed, and heated in the boiling water-bath for 15 hrs. Excess of alcohol was removed 
by distillation, and the brown residue taken up in 2n-hydrochloric acid (12 c.c.). The solution was extracted thrice 
with warm chloroform to remove non-basic material, then saturated with sodium carbonate and repeatedly extracted 
with hot chloroform. The chloroform was removed from the dried extracts, and the residual gum rubbed with ether 
until crystalline. The crude brown solid (2-5 g.) was purified by sublimation at 2 mm., and the white crystalline sublimate 
(1-8 g.) crystallised twice from alcohol, forming small, creamy-white prisms (1-5 g., m. p. 156—157-5°. Found: C 
66-2; H, 84; N, 7:4. Cy9H,,O,N requires C, 66-3; H, 8-4; N, 7°7%). The hydrochloride, from the base and dry 
hydrogen chloride in alcohol, forms colourless plates, m. p. 251° (decomp.) (Found: Cl, 16-4. Cy 9H,,0,N,HCl requires 
Ci, 16-3%). The picrate crystallised from dilute methanol in bright red prisms, m. p. 162—163° (sinters 159°) (Found: 
C, 47-0; H, 4°85. CyH,,0O,N,C,H,O,N, requires C, 46-8; H, 4-45%). ; 

4-Hydroxy-3-methoxy-B-phenyl-N-methylisopropylamine.—Methylamine hydrochloride (10-5 g.) was mixed with 
methanol (10 c.c.) in a thick-walled tube, and the mixture cooled in ice. A cool solution of potassium hydroxide (8 £-) 
in methanol (13 c.c.) and water (2 c.c.) was added, the mixture kept in ice for one hour, with occasional shaking, and 
B-bromodihydroeugenol (5 g.) in methanol (3 c.c.) added. The subsequent procedure was exactly as for the lower 
homologue, and the crude base distilled as a colourless gum (b. p. 188—140°/2 mm.). On rubbing with light petroleum, 
it crystallised to a soft white solid, which, crystallised thrice from ethyl acetate and once from light petroleum (charcoal), 
formed small rosettes of colourless plates (1 g.), m. p. 114—115° (Found: C, 67-2; H, 8-4; N, 7-2. C,,H,,0,N requires 
C, 67-6; H, 8-7; N, 7-°9%). Better yields are obtained, but not so conveniently, by using 10—20% methyl-alcoholic 
methylamine in place of the hydrochloride. The hydrochloride crystallised from acetone—methanol in clusters of colour 
less plates, m. p. 206—208° (Found: C, 57-6; H, 8-0; Cl, 15-3. C,,H,,0,N,HCI requires C, 57-1; H, 7-9; Cl, 15°3%). 
ba teem) crystallised from methanol in small golden-yellow needles, m. p. 145—147-5° (Found: C, 48-8; H, 5:2. p 
Cur 170,N,C,H,O,N, requires C, 48-2; H, 4-8%). 
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r; 4-Acetoxy-3-methoxy-B-phenylacetoisopropylamide.—4-Hydroxy-3-methoxy-f-phenylisopropylamine (1-55 g.) was 
dissolved in dry pyridine (1-7 c.c.) and acetic anhydride (2-5 c.c.). To the solution at 0°, acetyl chloride (1-7 c.c.) was 
gdded dropwise with stirring, and the mixture kept for 2 hrs. at room temperature, then diluted with water. The 
clear solution was concentrated in a vacuum on the water-bath, and the residual gum taken up in chloroform, and 
sheken with saturated sodium carbonate solution, water, and finally with 2n-hydrochloric acid. The chloroform solution 
was dried (sodium sulphate), the chloroform removed, and the clear gummy residue treated with light petroleum until 
crystalline; it recrystallised from benzene-light petroleum in small, white, water-soluble rosettes (1-8 g., m. p. 112— 
135°. Found: C, 63-6; H, 7:7. C,,H,O,N requires C, 63-4; H, 7-3%). 

7-Acetoxy-6-methoxy-1 : 3-dimethyl-3 : 4-dihydroisoquinoline Hydrochloride.—The foregoing compound (1 g.) was 
dissolved im ‘toluene (5 c.c.), phosphorus oxychloride (4 g.) added, and the mixture heated under reflux for one hour, 
moisture being excluded. The cooled solution was diluted with light petroleum, the precipitated gum washed with 
light petroleum, taken up in dilute hydrochloric acid, and the solution extracted with benzene to remove non-basic 
impurities. “he aqueous solution was saturated with potassium carbonate, and the precipitated yellow oil taken up 
in chloroforni,” dried (sodium sulphate), the chloroform removed, and the residue dissolved in benzene (4 c.c.). The 
benzene solution was saturated with dry hydrogen chloride at 0°, the sticky gum rubbed with acetone until crystalline, 
and the creamy-white hydrochloride recrystallised from acetone—methanol, forming clusters of colourless, glistening 
prisms (0-6 g.), m. p. 198—199° (decomp.) (Found: Cl, 12-4. C,,H,,O,N,HCI requires Cl, 12-5%). 

The free base, obtained by decomposition of the hydrochloride with potassium carbonate, distilled at 155—160°/2 mm. 
to give a pale yellow glass. The picrate, from the base in methanolic solution, crystallised from methanol in stout, 
pale yellow prisms, m. p. 181—182-5° (Found: C, 50-7; H, 4-0. C,.H,,O,;N,C,H,O,N, requires C, 50-4; H, 4:2%). 
The methiodide, formed by refluxing the base with methyl iodide for one hour in acetone solution, separated as a pale 
yellow, crystalline solid, and crystallised from alcohol in small, pale yellow, glittering plates, m. p. 201—202° (decomp.) 
(Found: C, 45-8; H, 5-5; I, 32-0. C,,H,,O,N,CH,I requires C, 46-2; H, 6-2; I, 32-6%). 

1-Hydroxy-6-methoxy-1 : 3-dimethyl-3 : 4-dthydroisoquinoline Hydrochloride.—The foregoing acetylated base (0-5 g.) 
was dissolved in concentrated hydrochloric acid (2 c.c.) and water (2 c.c.). The solution was heated for 2 hours on 
the water-bath, and evaporated in a vacuum on the water-bath, leaving a clear yellow gum, which crystallised on treat- 
ment with acetone, and was recrystallised from acetone—methanol, forming faintly greenish-white clusters of prisms 
(0-5 g., m. p. 223—224° (decomp.). Found: Cl, 14-0. C,,H,,O,N,HCI requires Cl, 14-7%]}. 

The free base was obtained by adding potassium carbonate to a warm aqueous solution of the hydrochloride (0-5 g.). 
The precipitated orange-coloured oil was taken up in warm chloroform, the solution dried (potassium carbonate), and 
the chloroform removed. The residual gum crystallised on rubbing with light petroleum, and recrystallised from 
acetone in creamy-white leaflets or prisms (0-4 g., m. p. 141—142°. Found: C, 70-5; H, 7:3. C,,H,,0,N requires 
C, 70°3; H, 7-4%), readily soluble in water to give a bright-yellow solution. 

The picrate, from the base in methanolic solution, crystallised from methanol in long, golden-yellow needles, m. p. 
208—209° (Found: C, 49-8; H, 3-8. C,,H,,;0,N,C,H,O,N, requires C, 49-8; H, 4:1%). 


We thank the Colonial Products Research Council for permission to publish these results and for a grant to one of 
w(j. B. 3). 
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137. The Reaction of Acrylonitrile with Aliphatic Alcohols. 
By J. H. MacGrecor and C. Puau. 


It has already been shown that acrylonitrile reacts smoothly with ethyl alcohol in the presence of sodium 
ethoxide to form B-ethoxypropionitrile. The reaction of acrylonitrile with aliphatic alcohols, containing 1—10 
carbon atoms, in the presence of various alkaline catalysts, has been studied, and three new methods of pre- 
paring f-alkoxypropionitriles are described. The following new compounds have been prepared: f-iso- 
propoxy-, B-n-butoxy-, B-amyloxy-, B-n-octyloxy-, B-2-ethylhexyloxy-, and B-decyloxy-propionitriles. 

p-Alkoxypropionitriles are high-boiling mobile liquids possessing good solvent P ag son By hydrolysis 
with hot aqueous caustic alkalis or with concentrated hydrochloric acid, they yield the corresponding f-alkoxy- 
propionic acid. 
REcENTLY Bruson et al. (J. Amer. Chem. Soc., 1942, 64, 2457, 2850; 1943, 65, 18, 23; 1944, 66, 56) have 
recorded the reaction of acrylonitrile with various compounds containing reactive methylene, amino-, or 
hydroxy-groups. In the last category the reaction with phenols, alicyclic alcohols, unsaturated alcohols, and 
glycols has been described by others (D.R.P. 670,357; Chem. Abs., 1939, 38, 2907; U.S.PP. 2,280,790, 2,280,791, 
2,280,792; Chem. Abs., 1942, 36, 5588, 5589; Langley and Adams, J. Amer. Chem. Soc., 1922, 44, 2326). 
Koelsch (ibid., 1943, 65, 437) prepared B-ethoxypropionitrile by reaction of ethyl alcohol with acrylonitrile, 
using alcoholic sodium ethoxide as catalyst, and Harrison and Diehl (Org. Synth., 1943, 28, 33) obtained this 
nitrile by the reaction of sodium cyanide with #-ethoxyethyl bromide, but the latter authors’ yield is lower, 
and their product less pure, than is obtained by the reactions described below. Kilpi (Z. physikal. Chem., 
1914, 86, 672) prepared B-methoxy- and f-ethoxy-propionitriles by the action of phosphoric oxide on the 
$-alkoxypropionamides. 

Examination of the conditions of reaction of acrylonitrile with aliphatic alcohols of the range C, to C,, 
has shown three other methods of reaction to be valuable. 


(1) The alcohol is dissolved in 2% aqueous sodium hydroxide and shaken with acrylonitrile (1 mol.) until 
reaction is complete. The non-aqueous layer then contains the 6-alkoxypropionitrile, which is obtained by 
fractionally distilling the neutralised and dried liquid. This method is of most value with the lower alcohols. 

(2) Acrylonitrile (1 mol.) is added with stirring and, if necessary, external cooling to a 0-5% solution of 
potassium hydroxide in the alcohol. With butyl alcohol and higher homologues the mixture is then heated 
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on the water-bath at 80° until no more acrylonitrile refluxes. The product, when worked up, affords the 
B-alkoxypropionitriles in 80—-90% yield when alcohols containing not more than five carbon atoms are used, 

(3) Acrylonitrile (1 mol.) is stirred into a 0-05% solution of metallic sodium in the alcohol, with cooling 
if necessary, the subsequent procedure being as in (2). This method is applicable to all alcohols up to decy] 
alcohol. Cetyl alcohol failed to react under these conditions, and also when sodium and aluminium ethoxides 
were used as catalysts, being recovered unchanged in each case. 


The 8-alkoxypropionitriles are miscible with most organic solvents, including alcohol, acetone, ether, and 
benzene. All except -methoxy- and 8-ethoxy-propionitriles are miscible with light petroleum (b. p. 60—80°), 
but even these two compounds give completely homogeneous solutions on warming. All are insoluble in 
water. They are high-boiling, mobile liquids with a characteristic odour, and are excellent solvents for many 
difficultly soluble organic chemicals and high polymers. For example, polyvinyl acetate is soluble, and 
polyvinyl chloride and the co-polymer of vinyl chloride and vinyl acetate are very soluble in each of the 
B-alkoxypropionitriles prepared. The polymethacrylates dissolve in all these solvents, especially on warming. 
Secondary cellulose acetate shows a graded solubility; it dissolves slowly in cold @-methoxy- and £-ethoxy- 
propionitriles, and, on heating in f-isopropoxy-, B-n-butoxy-, and B-amyloxy-propionitriles, from which it 
separates out on cooling. In the higher members of the series, secondary cellulose acetate is only swollen, 
even on boiling. Nitrocellulose is swollen by all these compounds, whereas nylon and rubber are insoluble. 
The polyvinylacetals, such as ‘‘ Formvar’”’ and “ Butvar’’ (Shawinigan Chemicals Ltd.), are only slightly 
dissolved in the boiling nitriles. The higher members of the series dissolve cellulose acetate-butyrate and 
also ethyl cellulose, but they are not satisfactory plasticisers owing to their persistent odour. 

On hydrolysis of the B-alkoxypropionitriles with hot 5% sodium hydroxide or concentrated hydrochloric 
acid, the f-alkoxypropionic acids are obtained. These are colourless liquids with a high b. p. and an objection- 
able odour. They have already been prepared by several methods. 


EXPERIMENTAL. 


B-Methoxypropionitrile.—To a solution of methyl alcohol (32 g., 1 mol.) in 50 c.c. of 2% aqueous sodium hydroxide, 
acrylonitrile (53 g., 1 mol.) was added, and the mixture shaken until a slight evolution of heat ceased. The upper 
layer was separated, neutralised with acetic acid, dried (sodium sulphate), and distilled. The nitrile (76 g., 90%) was 
obtained as a clear, colourless liquid, b. p. 164°. 

B-Ethoxypropionitrile.—This was obtained by the same procedure but by use of ethyl alcohol (46 g., 1 mol.); it was 
a clear, colourless liquid, b. p. 172° (90 g., 90%). 

B-isoPropoxypropionitrile—Potassium hydroxide (0-3 g.) was dissolved in isopropyl alcohol (60 g., 1 mol.), and 
acrylonitrile (53 g., 1 mol.) added slowly with stirring. When evolution of heat ceased, the mixture was heated on 
the water-bath for 1 hour to complete the reaction. Distillation yielded the nitrile (96 g., 85%) as a colourless liquid, 
which became brown on standing, even in the dark; b. p. 179° (Found: N, 12-3. C,H,,ON requires N, 12-4%). 

B-n-Butoxypropionitrile.—Similarly prepared, this nitrile (106 g., 88%) distilled as a clear, colourless liquid, which 
changed to a pale yellow on standing; b. p. 206° (Found: N, 10-85. C,H,,ON requires N, 11-0%). 

p-Amyloxypropionitrile.—Sodium (0-05 g.) was dissolved in B.D.H. purified amyl alcohol (88 g., 1 mol.) and acrylo- 
nitrile (53 g., 1 mol.) added slowly. After procedure as before, distillation yielded B-amyloxypropionitrile (128 g., 92%) 
as a colourless liquid, which did not darken on standing; b. p. 218° (Found: N, 9-81. C,H,,ON requires N, 9-9%). 

B-n-Octyloxypropionitrile—Sodium (0-07 g.) was dissolved in m-octyl alcohol (130 g., 1 mol.) and mixed with acrylo- 
nitrile (53 g., 1 mol.). The mixture was heated on the water-bath for 1 hour at 40° and then at 80° until no further 
acrylonitrile refluxed. Distillation yielded eu we prey (146 g., 80%) as a straw-coloured liquid; b. p. 
150°/20 mm., 259°/760 mm. (Found: N, 7-7. C,,H,,ON requires N, 7-7%). [Use of potassium hydroxide (Method 2) 
in place of metallic sodium gave only a 50% yield.] 

B-2-Ethylhexyloxypropionitrile—By the same procedure, 2-ethylhexyl alcohol (130 g., 1 mol.) afforded this nitrile 
(161 g., 88%) as a clear, colourless, mobile liquid; b. p. 100—110°/2 mm. (Found: C, 72-5; H, 11-7; N, 7-7. C,,H,,ON 
requires C, 72-1; H, 11-5; N, 7°7%). Method 2 gave a lower yield (60%). 

B-Decyloxypropionitrile.—This nitrile (73 g., 37%) was obtained from decyl alcohol (158 g., 1 mol.) by the usual 
method as a clear, colourless liquid; b. p. 283° (Found: N, 6-6. C,3H,,ON requires N, 6-6%). 

B-Ethoxypropionic Acid.—f-Ethoxypropionitrile (99 g., 1 mol.) was mixed with concentrated hydrochloric acid 
(120 c.c., 1-2 mols.) and heated under reflux for 1 hour. Ammonium chloride was filtered off, and the filtrate con- 
tinuously extracted with ether. The ether was dried and evaporated, leaving B-ethoxypropionic acid (71 g., 60%) as 
a colourless, slightly oily liquid of penetrating odour; b. p. 218°. 


The authors thank the Directors of Messrs. Courtaulds Ltd. for permission to publish the results of this investigation. 


TEXTILE RESEARCH LABORATORY, COURTAULDS LTD., 
BockING, BRAINTREE, ESSEX. (Received, May 2nd, 1945.] 





138. Synthetic Analogues of Progesterone. 
By WALTER C. J. Ross. 


A number of methyl ketones derived from stilbene, dibenzyl, and triphenylethylene have been synthesised 
for examination for progestational activity. 


RoBINSON and JAEGER (J., 1941, 744) prepared 4-hydroxy-4’-acetyl-«8-diethyl- and -«-methyl-f-ethyl-stilbene. 
Owing to the presence of the phenolic group these compounds had appreciable oestrogenic activity and this 
would have been sufficient to mask any progestational activity which they possessed. It was only possible 
to state that these substances had less than one-sixtieth of the activity of progesterone. The preparation of 
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4; 4'-dihydroxy-diacetyl- and 4-methoxy-4’-hydroxy-3’-acetyl-«$-diethylstilbene has been described (Well- 
come Foundation Ltd., Brownlee and Duffin, B.P. 550,262); these compounds are stated to have oestrogenic 
properties. In the same patent, progesterone-like activity is claimed for 4~-methoxy-4’-acetyl- and 4-methoxy- 
4'-chloroacetyl-a8-diethyldibenzyl, and 4’-chloroacetyl-«$-diethyldibenzyl 4-chloroacetate. Walker (J., 1942, 
347) prepared and tested w-acetoxy-4-(4'-acetoxyphenoxy)-, 4-(4’-hydroxyphenoxy)-, and 3-hydroxy-4- 
(4'-hydroxyphenoxy)-acetophenone, but none exhibited progestational activity. 

Consideration of the foregoing suggested that the type of compound most likely to show luteal hormone- 
like activity would be a non-phenolic methyl ketone related to stilbene or dibenzyl. The preparation of a 
number of such compounds is now described. : 

Condensation of dibenzyl with one equivalent of acetyl chloride in the presence of aluminium chloride gave 
a mixture which could not be resolved, but on treatment with an excess of the acid chloride an almost theoretical 
yield of 4 : 4’-diacetyldibenzyl was obtained. The Grignard reagent obtained from «-chloropropylbenzene was 
refluxed with its equivalent of the same chloro-compound. A small yield of «$-diethyldibenzyl, m. p. 85—88°, 
was thereby obtained; most of the product was a liquid mixture of isomerides. Moritz and Wolfenstein (Ber., 
1899, 32, 2533) described the hydrocarbon as having m. p. 88°, Spath (Monatsh., 1913, 34, 2009) records m. p. 
92—93°, and Carlisle and Crowfoot (J., 1941, 6) gave 89—-90°. Brownlee, Copp, Duffin, and Tonkin (Biochem. 
J., 1943, 87, 575) prepared diethyldibenzyl by hydrogenation of «8-diethylstilbene and found m. p. 83—84°. 
4: 4'-Diacetyl-a8-diethyldibenzyl was obtained in excellent yield by the action of an excess of acetyl chloride on 
the hydrocarbon. 

Stilbene gave a resinous product when treated with one equivalent of acetyl chloride, but with an excess of 
the reagent 4 : 4’-diacetylstilbene was obtained. The yield of diketone was very variable, the maximum (13%) 
being obtained on only one occasion, and the average was 5%. P 

Ethyl deoxybenzoin was treated with ethylmagnesium bromide, and the a-hydroxy-«$-diethyldibenzyl 
thus obtained was dehydrated by heating under reflux with phosphoric oxide in benzene solution. The oily 
product, when heated with iodine, yielded a small quantity of «8-diethylstilbene, m. p. 74—75°. Dehydration 
of the carbinol could give rise to several isomerides differing in the position of the double linkage and also in 
steric configuration. The stability of our solid product to heating with iodine suggests that it is the true 
stilbene derivative (compare Wessely and Kleedorfer, Naturwiss., 1939, 27, 567). The compound obtained 
by Duffin et al. (loc. cit.) was probably a mixture of isomers, as was also the liquid obtained by Ramart-Lucas 
and Ariagostopoulos (Compt. vend., 1928, 186, 1626) and Kharasch and Kleiman (J. Amer. Chem. Soc., 1943, 
65,9). Carlisle and Crowfoot (loc. cit.) describe the pure hydrocarbon as having m. p. 70—71°. On treatment 
with an excess of acetyl chloride, «-diethylstilbene gave a poor yield of 4 : 4’-diacetyl-«8-diethylstilbene. 

It is well known that certain triphenylethylene derivatives exhibit a hormone-like activity, and it was 
thought desirable to prepare an acetyl compound to be tested for progestational activity. Triphenylethylene 
was prepared by the method of Adkins and Zartman (Org. Synth., Coll. Vol. II, p. 606). . As in the previous 
cases, no definite product could be obtained by the action of acetyl chloride unless a large excess of the reagent 
was used : under these conditions 4 : 4’ : 4’’-triacetyliriphenylethylene was obtained. 


EXPERIMENTAL. 


4: 4’-Diacetyldibenzyl_—Dibenzyl was prepared by refluxing benzylmagnesium chloride with an equivalent weight of 
benzyl chloride for 2 hours in ethereal solution. 5 G. of dibenzyl, 20 c.c. of dry carbon disulphide, and 10 g. of powdered 
aluminium chloride were introduced into a small flask carrying a reflux condenser, and then a mixture of I0 c.c. each of 
acetyl chloride and carbon disulphide was added dropwise. A vigorous reaction ensued, and when this had subsided the 
mixture was heated on a steam-bath until evolution of hydrogen chloride had ceased. A solid complex had then separ- 
ated, and the supernatant liquor was decanted off, and the solid washed with fresh dry carbon disulphide. The complex 
was decomposed by grinding under iced water, and the precipitate filtered off and washed with water. The dried solid 
was dissolved in chloroform, and the solution allowed to percolate through ‘a short column of alumina. The eluates, 
obtained by further washing with chloroform, gave a colourless solid, which crystallised from ethyl alcohol as large 
plates, m. p. 164—166° (Found: C, 81-2, 81-1; H, 7-4, 6-7. C,,H,,0, requires C, 81-2; H, 6°8%). 

4: 4’-Diacetyl-aB-diethyldibenzyl_—The Grignard reagent prepared from 10 g. of a-chloropropylbenzene (Straus and 
Berkow, Annalen, 1913, 401, 152) and 1-6 g. of magnesium in 20 c.c. of ether was heated under reflux with a further 
10 g. of the chloride for 2 hours. Dilute sulphuric acid was added, and the ethereal layer washed with water, dried, and 
evaporated. The resulting oil deposited solid on standing in an ice-chest; 1-5 g. of recrystallised af-diethyldibenzyl, © 
m. p. 85—88°, was obtained. To 3 g. of powdered aluminium chloride under 5 c.c. of carbon disulphide, were added 
3c.c. of acetyl chloride, and the mixture was warmed to form the complex. 1-25 G. of diethyldibenzy! were then added, 
and the mixture warmed on a steam-bath for 4 hour. The solid product thus formed was washed with fresh carbon 
disulphide and decomposed with iced water. The solid was filtered off and washed with water followed by a little ether : 
yield, 1-6 g. After two crystallisations from alcohol, the 4: 4’-diacetyl-aB-diethyldibenzyl had m. p. 171—173°; yield 
08g. (Found: C, 81-7; H, 82. C,,H,,O, requires C, 81-9; H. 8-1%). 

4: 4’-Diacetylstilbene.—15 G. of stilbene, 30 c.c. of acetyl chloride, and 120 c.c. of dry carbon disulphide were mixed, 
together, and 60 g. of powdered aluminium chloride were added during 20 minutes. The mixture was then kept for 3 
hours at room temperature. The supernatant liquid was decanted from the complex, which was then decomposed wih 
ked water. The aqueous suspension of the product was shaken with benzene, the mixture filtered, and the solid washed 
with benzene. The solid crystallised in the form of plates, m. p. 210—211°, from acetone or alcohol~chloroform (Found ; 
C, 82-1, 81-4; H, 6-2, 6-1. C,,H,,O, requires C, 81-8; H, 6-1%). 

Pines 4’-Diacetyl-aB-diethylstilbene —A solution of 45 g. of sb gg (Meyer and Oelkers, Ber., 1888, 21, 1299) 

in 250 c.c. of ether was added to the Grignard reagent prepated from 9-65 g. of magnesium, 43-8 g. of ethyl bromide, 

and 200 c.c. of ether. After being warmed for 1 hour, the mixture was PT pe with ice-cold dilute sulphuric acid. 

The dried ethereal layer was evaporated, and the resulting oil was dissolved in 200 c.c. of benzene and heated for + hour 

with 30 g. of phosphoric oxide. The cooled benzene solution was percolated through a short column of alumina to 
00 
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remove any unchanged carbinol and then evaporated. The product was an oil, but after being heated at the b. p. with 
iodine, until the iodine sublimed out, and then being cooled, 2-5 g. of solid were deposited. After crystallisation from 
methanol, the diethylstilbene had m. p. 74—75° and formed flattened needles. 1-5 G. of the hydrocarbon were acetylated 
exactly as in the case of diethyldibenzyl. The product was recrystallised from alcohol, in which solvent it forms a highly 
fluorescent solution: yield 0-2 g. After two further crystallisations from methanol and being washed with ether, jp 
which it is sparingly soluble, 4 : 4’-diacetyl-aB-diethylstilbene had m. p. 168—169° (Found: C, 82-3; H, 8-1. C,,H,,0, 
requires C, 82-4;- H, 7-6%). 

4:4’: 4”-Triacetyliriphenylethylene—3 G. of triphenylethylene were added to the complex obtained by warming 
12 g. of acetyl chloride with 11 g. of powdered aluminium chloride in 20 c.c. of carbon disulphide. The mixture was 
warmed for 10 minutes, and the supernatant liquid decanted from the resin. This resin was treated with iced water, 
and the product dried and dissolved in benzene. The solution was passed down a column of alumina, and the orange 
eluate gave a solid which could be crystallised from methanol-water. The 4: 4’ : 4”-triacetyliriphenylethylene thus 
obtained eae colourless, flattened needles, m. p. 150—152° (Found: C, 81-7, 81:3; H, 5-8, 5-9. C,,H,.O, requires 
C, 81-6; H, 5-8%). 


The author’s thanks are due to Professor G. A. R. Kon for his interest in this work, and to Organon Laboratories Ltd. 
for permission to publish the results. 


RESEARCH DEPARTMENT, ORGANON LABORATORIES LTp., LONDON. [Recetved, March 19th, 1945.] 





139. Synthetic Analogues of Corticosterone. 
By Watter C. J. Ross. 


ea ge derivatives of dibenzyl, af-diethyldibenzyl, diphenyl, diphenyl ether, fluorene, and phen- 
anthr 


e have been prepared for examination for corticosterone-like activity. 


LINNELL and Rousup! (Quart. ]. Pharm., 1941, 14, 270; Nature, 1941, 148, 595) have reported signs of cortical 
hormone activity in two synthetic a-ketols. Benzoylcarbinol is stated to have 1/2500th, and 4-hydroxy-3- 
hydroxyacetyl-af-diethylstilbene 1/200th, of the activity of deoxycorticosterone in the life-maintenance test 
on adrenalectomised rats. The preparation of 4-methoxy-4’-hydroxyacetyl- and -4’-acetoxyacetyl-a«f-diethy!- 
dibenzyl has been described (Wellcome Foundation Ltd., Brownlee and Duffin, B.P. 550,262); corticosterone- 
like activity is claimed for these compounds. Walker {J., 1942, 347) has prepared 4-acetoxy-4’-acetoxyacetyl- 
diphenyl ether and 4: 2’-diacetoxy-4’-acetoxyacetyldiphenyl ether; preliminary tests indicated that these 
substances were not active in increasing the liver glycogen of fasting rats but no life-maintenance tests 
were reported. The preparation of further «-ketol compounds to be tested for hormone-like action is now 
described. The acetates of a-ketols are likely to be of more clinical value than the free alcohols on account 
of their greater oil solubility (compare, e.g., the use of deoxycorticosterone acetate) ; they are also more readily 
obtained, and it is for these two reasons that the substances now prepared are all acetoxyacetyl compounds. 

Dibenzyl reacts with an excess of chloroacetyl chloride in the presence of aluminium chloride to give 
4 : 4'-bischloroacetyldibenzyl, and this when heated with anhydrous potassium acetate in a mixture of acetic 
acid and acetic anhydride yields 4 : 4’-bisacetoxyacetyldibenzyl. Similarly, «-diethyldibenzyl affords the two 
analogous af-diethyldibenzyl compounds. 

Several unsuccessful attempts were made to prepare 4: 4’-bisacetoxyacetylstilbene. No identifiable 
product was obtained by treating stilbene, «8-diethylstilbene, or triphenylethylene with chloroacetyl chloride. 
Bromination of diacetylstilbene yielded 4 : 4’-bisbromoacetylstilbene dibromide, and this on heating with potass- 
ium acetate as described above yielded a fluorescent oil which reduced warm Fehling’s solution. It had 
previously been shown that stilbene dibromide gave stilbene when heated with potassium acetate under these 
conditions. Treatment of the dibromide with sodium iodide in acetone solution gave a yellow product which 
was probably 4: 4’-bisiodoacetylstilbene. The iodo-compound also gave a fluorescent oil on treatment 
with potassium acetate. It was hoped to prepare the required compound by the following sequence of 
reactions : -CO-CH, —-> ‘CO-CH:NO —-> -CO-CH,:NH, ——> -CO-CH,°OH, but the nitroso-ketone could not 
be obtained by the usual methods. 

4: 4'-Bischloroacetyldiphenyl ether was prepared by a method essentially that of Schick (Ber., 1936, 
69, 242). The replacement of chlorine atoms by acetyl groups in the usual way afforded 4: 4’-bisace/oxy- 
acetyldiphenyl ether. -4-Acetoxyacetylacetanilide was obtained in good yield by the method of Knuckell 
(Ber., 1900, 38, 2644). 4: 4'-Bisacetoxyacetyldiphenyl was readily obtained from 4 : 4’-bischloroacetyl- 
diphenyl by the usual procedure. By the action of an excess of chloroacetyl chloride on fluorene a disubstitu- 
tion product, probably 2: 7-bischloroacetylfluorene, was obtained, and this was easily converted into 2 : 7-bis- 
acetoxyacetylfiuorene. 

2- and 3-Acetylphenanthrene were obtained by the method of Mosettig and van der Kamp (J. 4 er. 
Chem. Soc., 1930, 52, 3704) and converted into the corresponding bromo-ketones as described by Haworth and 
Mavin (J., 1933, 1012). By heating the bromo-compounds with potassium acetate in the usual way, 2- and 
3-acetoxyacetylphenanthrene were prepared. 9-Bromophenanthrene on being heated with potassium cyanide 
and cuprous cyanide in aqueous alcohol at 200° (compare Rosenmund and Struck, Ber,, 1919, 52, 1749) gave 
a high-melting product which was not identical with 9-phenanthroic acid. When heated with cuprous cyanide 
at 250—260°, the bromo-compound gave 9-cyanophenanthrene. No 9-acetylphenanthrene could be obtained 
by the action of methylmagnesium iodide on the nitrile. 9-Phenanthroic acid amide was prepared by heating 
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the nitrile with sulphuric acid: this amide gave the sodium salt of 9-phenanthroic acid on treatment with 
sodium hydroxide. 9-Phenanthroyl chloride was allowed to react with diazomethane, and the product 
treated with acetic acid without isolation. The final product was subjected to chromatographic purification, 
giving 9-acetoxyacetylphenanthrene. 

7-Methoxy-1l-naphthoic acid was converted into its acid chloride and the diazo-ketone obtained by the 
action of an ethereal solution of diazomethane was decomposed with acetic acid to yield 7-methoxy-1-acetoxy- 
acetylnaphthalene. 1 The relative position of the substituents in this compound resembles that in corticosterone 
itself. 

Preliminary biological tests on the new compounds now described do not indicate any marked activity 
in prolonging the life of an adrenalectomised rat. 


EXPERIMENTAL. 


4: 4’-Bischloroacetyldibenzyl_—5 G. of dibenzyl, dissolved in 30 c.c. of carbon disulphide, were added to 10 g. of 
powdered aluminium chloride, and then a solution of 10 c.c. each of chloroacetyl chloride and carbon disulphide was 
run in slowly whilst the mixture was kept cold. After standing for 4 hour at room temperature, the upper layer was 
decanted from the complex, which was then decomposed with iced water. The product was extracted with a large 
quantity of ether, and the extract washed with dilute hydrochloric acid, dried, and evaporated. The residue was 
crystallised from alcohol (charcoal) in which it was sparingly soluble. The 4 : 4’-bischloroacetyldibenzyl was finally 
crystallised from chloroform—methanol; it formed small plates, m. p. 142—143° (Found: C, 64-0; H, 4-8; Cl, 20-8. 
CygH¢O2Cl, requires C, 64-5; H, 4-8; Cl, 21-2%). 

4° 4’-Bisacetoxyacetyldibenzyl.—2 G. of the chloro-ketone were heated under reflux for 2 hours with 2-4 g. of freshly 
fused potassium acetate and 20 c.c. each of acetic acid and acetic anhydride. The mixture was diluted with 40 c.c. 
of water, and the product separated in the form of prismatic needles. There was still some unchanged chloro-ketone 
present and this was readily removed by warming an alcoholic suspension of the product with a little piperidine; this 
formed a very soluble piperidinium compound and the pure acetoxyacetyl derivative could be filtered off from the 
cooled solution. After a chromatographic purification and three crystallisations from chloroform—methanol, 4 : 4’-bis- 
acetoxyacetyldibenzyl formed fine needles, m. p. 163—165° (Found: C, 69-0; H, 6-0. C,,H,,O, requires C, 69-1; H, 5-8%). 

4: 4’-Bischloroacetyl-aB-diethyldibenzyl.—8 C.c. of chloroacetyl chloride were added to 8 g. of powdered aluminium 
chloride in 5 c.c. of carbon disulphide, and a dark liquid complex was formed. To this was added a solution of 3 g. of 
diethyldibenzyl in 15 c.c. of carbon disulphide. Hydrogen chloride was immediately evolved, and after } hour a solid 
lower layer formed. The liquor was decanted off, and the solid washed with carbon disulphide and then decomposed 
with iced water. The product was ground under ether—-water and then filtered off. The dry solid was dissolved in 
hot chloroform and reprecipitated with methanol, giving 3-5 g. of the chloro-ketone, m. p. 195—196°, raised by two 
crystallisations from acetone to 197—198° (Found : C, 67-9; H, 6-4. C,,H,,0,Cl, requires C, 67-6; H, 6-2%). 

4: 4’-Bisacetoxyacetyl-aB-diethyldibenzyl.—The chloro-ketone was treated with fused potassium acetate as described 
above, and the — was purified by removing the unchanged starting material as the soluble piperidinium salt. 
The acetoxyacetyl compound formed small plates from chloroform—methanol, m. p. 205—210° (decomp.) (Found: C, 

71-0; |. 8 7-0. CygH 90, T uires c. 71-2; H, 6-9%). 

Attempted Preparation of Bisacetoxyacetylstilbene.—1-3 G. of 4 : 4’-diacetylstilbene were dissolved in 50 c.c. of chloro- 
form, and an excess (about 1-4 c.c.) of bromine in chloroform added to the warmed solution. 25 C.c. of the chloroform 
were then evaporated off, and 25 c.c. of ethanol added: this caused the formation of a microcrystalline precipitate, 
m. p. 205—207° (decomp.) (Found: Br, 55-9. C,,H,,0,Br, requires Br, 55-0%). 1G. of the bromo-compound was 
dissolved in acetone and treated with an acetone solution of 1-5 g. of sodium iodide. Iodine was liberated, and sodium 
bromide precipitated. Dilution of the mixture with water gave a yellow solid, decomp. 180—190° (Found: I, 48-0. 
C,,H,,0,I, requires I, 49-2%). Fluorescent oils were obtained when the bromo- or the iodo-compound was treated 
with potassium acetate as previously described. 

Stilbene dibromide was refluxed with its own weight of fused potassium acetate in 10 times its weight of acetic acid 
for 3 hours. Careful dilution of the mixture with water gave a crystalline precipitate, m. p. 123—124°, not depressed 
by admixture with stilbene, m. p. 124°. 

4: 4’-Bisacetoxyacetyldiphenyl Ether.—8-3 G. of diphenyl ether, 15 g. of powdered aluminium chloride, and 50 c.c. 
of carbon disulphide were treated with 8-0 c.c. of chloroacetyl chloride. The solid complex which formed was worked 
up in the usual way. The product was resinous and could not be improved by chromatography, but after an alcoholic 
solution had been heated with charcoal for a short time and filtered, a crystalline solid was obtained. After recrystal- 
lisation from alcohol, the m. p. was 100° (2-2 g.): Schick (loc. cit gives 102°. The chloro-ketone was refluxed with 
potassium acetate in acetic acid—anhydride for 3 hours, and the product isolated in the manner already described. The 
4: 4’-bisacetoxyacetyldiphenyl ether formed fine needles from chloroform-alcohol, m. p. 149—150° after three recrystal- 
lisations (Found: C, 64-7; H, 4-8. C,9H,,0, requires C, 64-8; H, 4-9%). 

4: 4’-Bisacetoxyacetyldiphenyl.—Diphenyl was treated with chloroacetyl chloride as described above. The product, 
which was sparingly soluble in most solvents, was best purified by grinding it with charcoal and then extracting the 
mixture with acetone (Soxhlet). The boiling acetone extract deposited a yellow solid which, after recrystallisation from 
cyclohexanone, had m. p. 220—225°; nter and Turner (J., 1934, 869) give 226—-227°. 1-1 G. of the chloro-ketone’ 
were heated under reflux with 1-6 g. of fused potassium acetate and 15'c.c. each of acetic acid and acetic anhydride 
for3 hours. The product, whiclr formed plates from alcohol, had m. p. 184—189° (Found : C, 67-7; H, 4-95. Cy H,,O, 
requires C, 67-8; H, 5-1%). 

2 : 7-Bischloroacetylfiuorene.—5 G. of fluorene were treated with chloroacetyl chloride exactly as in the previous 
example.. The product was also very sparingly soluble and was purified by extracting a mixture with charcoal by 
acetone (Soxhlet). The extract, which showed a yellow fluorescence, deposited the chloro-ketone as a granular solid. 






















t several crystallisations from cyclohexanone, it formed fine needles, m. p. 280° (decomp.) (Found: C, 64-5; H, 4-0. 
C,,H,,0,Cl, requires C, 64-1; H, 3-8%). 
_ 2: 7-Bisacetoxyacetylfiuorene.—This was formed in the usual way but the product did not crystallise well. Accord- 
ingly, it was dissolved in a large quantity of benzene, and the solution percolated through a column of alumina. The 
impurities formed a broad orange band at the top of the column, whereas the early eluates afforded = a acetoxyacetyl 


compound. It formed small colourless plates from alcohol, m. p. 185—190° (Found: C, 69-0; 4-8. C,,H,,0, 
requires C, 68-9; H, 49%). 

__2-Acetoxyacetylphenanthrene.—2-5 G. of 2-bromoacetylphenanthrene (Haworth and Mavin, Joc. cit.) were treated 
with potassium acetate in acetic acid~anhydride in the usual way. The product formed prismatic needles, m. p. 116— 
118°, from ethanol (Found: C, 78-2; H, 5-2. C,,H,,O, requires C, 77-7; H, 5-1%). 
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remove any unchanged carbinol and then evaporated. The product was an oil, but after being heated at the b. p. with 
iodine, until the iodine sublimed out, and then being cooled, 2-5 g. of solid were deposited. After crystallisation fron 
methanol, the diethylstilbene had m. p. 74—75° and formed flattened needles. 1-5 G. of the hydrocarbon were acetylate; 
exactly as in the case of diethyldibenzyl. The product was recrystallised from alcohol, in which solvent it forms a highly 
fluorescent solution: yield 0-2 g. After two further crystallisations from methanol and being washed with ether, iy 
which it is sparingly soluble, 4 : 4’-diacetyl-aB-diethylstilbene had m. p. 168—169° (Found: C, 82-3; H, 81. C,.H,,0, 
requires C, 82-4;- H, 7-6%). 

4:4’: 4”-Triacetyliriphenylethylene—3 G. of triphenylethylene were added to the complex obtained by warming 
12 g. of acetyl chloride with 11 g. of powdered aluminium chloride in 20 c.c. of carbon disulphide. The mixture was 
warmed for 10 minutes, and the supernatant liquid decanted from the resin. This resin was treated with iced wate, 
and the product dried and dissolved in benzene. The solution was passed down a column of alumina, and the orange 
eluate gave a solid which could be crystallised from methanol—water. The 4: 4’ : 4”-triacetyliriphenylethylene thus 
obtained formed colourless, flattened needles, m. p. 150—152° (Found: C, 81-7, 81-3; H, 5-8, 5-9. C,,H,.O, requires 
C, 81-6; H, 5-8%). 


The author’s thanks are due to Professor G. A. R. Kon for his interest in this work, and to Organon Laboratories Ltd, 
for permission to publish the results. 
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139. Synthetic Analogues of Corticosterone. 
By Water C. J. Ross. 


Savane derivatives of dibenzyl, af-diethyldibenzyl, diphenyl, diphenyl ether, fluorene, and phen- 
anthrefie have been prepared for examination for corticosterone-like activity. 


LINNELL and Rousup! (Quart. J]. Pharm., 1941, 14, 270; Nature, 1941, 148, 595) have reported signs of cortical 
hormone activity in two synthetic a-ketols. Benzoylcarbinol is stated to have 1/2500th, and 4-hydroxy-3- 
hydroxyacetyl-af-diethylstilbene 1/200th, of the activity of deoxycorticosterone in the life-maintenance test 
on adrenalectomised rats. The preparation of 4-methoxy-4’-hydroxyacetyl- and -4’-acetoxyacetyl-«8-diethyl- 
dibenzyl has been described (Wellcome Foundation Ltd., Brownlee and Duffin, B.P. 550,262); corticosterone- 
like activity is claimed for these compounds. Walker (J., 1942, 347) has prepared 4-acetoxy-4’-acetoxyacetyl- 
diphenyl ether and 4: 2’-diacetoxy-4’-acetoxyacetyldiphenyl ether; preliminary tests indicated that these 
substances were not active in increasing the liver glycogen of fasting rats but no life-maintenance tests 
were reported. The preparation of further «-ketol compounds to be tested for hormone-like action is now 
described. The acetates of a-ketols are likely to be of more clinical value than the free alcohols on account 
of their greater oil solubility (compare, e.g., the use of deoxycorticosterone acetate) ; they are also more readily 
obtained, and it is for these two reasons that the substances now prepared are all acetoxyacetyl compounds. 

Dibenzyl reacts with an excess of chloroacetyl chloride in the presence of aluminium chloride to give 
4 : 4’-bischloroacetyldibenzyl, and this when heated with anhydrous potassium acetate in a mixture of acetic 
acid and acetic anhydride yields 4 : 4’-bisacetoxyacetyldibenzyl. Similarly, «B-diethyldibenzyl affords the two 
analogous a$-diethyldibenzyl compounds. 

Several unsuccessful attempts were made to prepare 4: 4’-bisacetoxyacetylstilbene. No identifiable 
product was obtained by treating stilbene, «$-diethylstilbene, or triphenylethylene with chloroacety] chloride. 
Bromination of diacetylstilbene yielded 4 : 4’-bisbromoacetylstilbene dibromide, and this on heating with potass- 
ium acetate as described above yielded a fluorescent oil which reduced warm Fehling’s solution. It had 
previously been shown that stilbene dibromide gave stilbene when heated with potassium acetate under these 
conditions. Treatment of the dibromide with sodium iodide in acetone solution gave a yellow product which 
was probably 4: 4’-bisiodoacetylstilbene. The iodo-compound also gave a fluorescent oil on treatment 
with potassium acetate. It was hoped to prepare the required compound by the following sequence of 
reactions : -CO-CH, —-> «-CO-CH:NO —-> -CO-CH,:NH, ——> -CO-CH,-OH, but the nitroso-ketone could not 
be obtained by the usual methods. 

4: 4'-Bischloroacetyldiphenyl ether was prepared by a method essentially that of Schick (Ber., 1936, 
69, 242). The replacement of chlorine atoms by acetyl groups in the usual way afforded 4: 4’-bisace/oxy- 
acetyldiphenyl ether. -4-Acetoxyacetylacetanilide was obtained in good yield by the method of Knuckell 
(Ber., 1900, 88, 2644). 4: 4'-Bisacetoxyacetyldiphenyl was readily obtained from 4: 4’-bischloroacctyl- 
diphenyl by the usual procedure. By the action of an excess of chloroacetyl chloride on fluorene a disubstitu- 
tion product, probably 2 : 7-bischloroacetylfluorene, was obtained, and this was easily converted into 2 : 7-bis- 
acetoxyacetylfluorene. 

- and 3-Acetylphenanthrene were obtained by the method of Mosettig and van der Kamp (J. Aer. 
Ahem. Soc., 1930, 52, 3704) and converted into the corresponding bromo-ketones as described by Haworth and 
Mavin (J., 1933, 1012). By heating the bromo-compounds with potassium acetate in the usual way, 2- and 
3-acetoxyacetylphenanthrene were prepared. 9-Bromophenanthrene on being heated with potassium cyanide 
and cuprous cyanide in aqueous alcohol at 200° (compare Rosenmund and Struck, Ber,, 1919, 52, 1749) gave 
a high-melting product which was not identical with 9-phenanthroic acid. When heated with cuprous cyanide 
at 250—260°, the bromo-compound gave 9-cyanophenanthrene. No 9-acetylphenanthrene could be obtained 
by the action of methylmagnesium iodide on the nitrile. 9-Phenanthroic acid amide was prepared by heating 
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the nitrile with sulphuric acid: this amide gave the sodium salt of 9-phenanthroic acid on treatment with 
sodium hydroxide. 9-Phenanthroyl chloride was allowed to react with diazomethane, and the product 
treated with acetic acid without isolation. The final product was subjected to chromatographic purification, 
giving 9-acetoxyacetylphenanthrene. 

7-Methoxy-l-naphthoic acid was converted into its acid chloride and the diazo-ketone obtained by the 
action of an ethereal solution of diazomethane was decomposed with acetic acid to yield 7-methoxy-1-acetoxy- 
acetylnaphthalene. ; The relative position of the substituents in this compound resembles that in corticosterone 
itself. 


Preliminary biological tests on the new compounds now described do not indicate any marked activity 
in prolonging the life of an adrenalectomised rat. 


EXPERIMENTAL. 


4: 4’-Bischloroacetyldibenzyl_—5 G. of dibenzyl, dissolved in 30 c.c. of carbon disulphide, were added to 10 g. of 
powdered aluminium chloride, and then a solution of 10 c.c. each of chloroacetyl chloride and carbon disulphide was 
run in slowly whilst the mixture was kept cold. After standing for 4 hour at room temperature, the upper layer was 
decanted from the complex, which was then decomposed with iced water. The product was extracted with a large 
quantity of ether, and the extract washed with dilute hydrochloric acid, dried, and evaporated. The residue was 
crystallised from alcohol (charcoal) in which it was sparingly soluble. The 4: 4’-bischloroacetyldibenzyl was finally 
crystallised from chloroform—methanol; it formed small plates, m. p. 142—143° (Found: C, 64-0; H, 4-8; Cl, 20-8. 
CygH¢O2Cle requires C, 64-5; H, 4-8; Cl, 21-2%). 

4° 4’-Bisacetoxyacetyldibenzyl.—2 G. of the chloro-ketone were heated under reflux for 2 hours with 2-4 g. of freshly 
fused potassium acetate and 20 c.c. each of acetic acid and acetic anhydride. The mixture was diluted with 40 c.c. 
of water, and the product separated in the form of prismatic needles. There was still some unchanged chloro-ketone 
present and this was readily removed by warming an alcoholic suspension of the product with a little piperidine; this 
formed a very soluble piperidinium compound and the pure acetoxyacetyl derivative could be filtered off from the 
cooled solution. After a chromatographic purification and three crystallisations from chloroform—methanol, 4 : 4’-bis- 
acetoxyacetyldibenzyl formed fine needles, m. p. 163—165° (Found: C, 69-0; H, 6-0. C,.H,,O, requires C, 69-1; H, 5-8%). 

4: 4’-Bischloroacetyl-aB-diethyldibenzyl.—8 C.c. of chloroacetyl chloride were added to 8 g. of powdered aluminium 
chloride in 5 c.c. of carbon disulphide, and a dark liquid complex was formed. To this was added a solution of 3 g. of 
diethyldibenzyl in 15 c.c. of carbon disulphide. Hydrogen chloride was immediately evolved, and after } hour a solid 
lower layer formed. The liquor was decanted off, and the solid washed with carbon disulphide and then decomposed 
with iced water. The product was ground under ether-water and then filtered off. The dry solid was dissolved in 
hot chloroform and reprecipitated with methanol, giving 3-5 g.. of the chloro-ketone, m. p. 195—196°, raised by two 
crystallisations from acetone to 197—-198° (Found: C, 67-9; H, 6-4. C,,H,,O,Cl, requires C, 67-6; H, 6-2%). 

4: 4’-Bisacetoxyacetyl-aB-diethyldibenzyl.—The chloro-ketone was treated with fused potassium acetate as described 
above, and the yr so was purified by removing the unchanged starting material as the soluble piperidinium salt. 
The acetoxyacetyl compound formed small plates from chloroform—methanol, m. p. 205—210° (decomp.) (Found: C, 
‘71-0; H, 7-0. CygH gO, requires C, 71-2; H, 6-9%). 

Attempted Preparation of Bisacetoxyacetylstilbene.—1-3 G. of 4 : 4’-diacetylstilbene were dissolved in 50 c.c. of chloro- 
form, and an excess (about 1-4 c.c.) of bromine in chloroform added to the warmed solution. 25 C.c. of the chloroform 
were then evaporated off, and 25 c.c. of ethanol added: this caused the formation of a microcrystalline precipitate, 
m. p. 205—-207° (decomp.) (Found: Br, 55-9. C,,H,,0,Br, requires Br, 55-0%). 1G. of the bromo-compound was 
dissolved in acetone and treated with an acetone solution of 1-5 g. of sodium iodide. Iodine was liberated, and sodium 
bromide precipitated. Dilution of the mixture with water gave a yellow solid, decomp. 180—190° (Found: I, 48-0. 
C,,H,,O,1, requires I, 49-2%). Fluorescent oils were obtained when the bromo- or the iodo-compound was treated 
with potassium acetate as previously described. 

Stilbene dibromide was refluxed with its own weight of fused potassium acetate in 10 times its weight of acetic acid 
for 3 hours. Careful dilution of the mixture with water gave a crystalline precipitate, m. p. 123—124°, not depressed 
by admixture with stilbene, m. p. 124°. 

4: 4’-Bisacetoxyacetyldiphenyl Ether.—8-3 G. of diphenyl ether, 15 g. of powdered aluminium chloride, and 50 c.c. 
of carbon disulphide were treated with 8-0 c.c. of chloroacetyl chloride. The solid complex which formed was worked 
up in the usual way. The product was resinous and could not be improved by chromatography, but after an alcoholic 
solution had been heated with charcoal for a short time and filtered, a crystalline solid was obtained. After recrystal- 
lisation from alcohol, the m. p. was 100° (2-2 g.); Schick (loc. cit gives 102°. The chloro-ketone was refluxed with 
potassium acetate in acetic acid—anhydride for 3 hours, and the product isolated in the manner already described. The 
4: 4’-bisacetoxyacetyldiphenyl ether formed fine needles from chloroform-alcohol, m. p. 149—150° after three recrystal- 
lisations (Found: C, 64-7; H, 4-8. C,9H,,O0, requires C, 64-8; H, 4-9%). 

4: 4’-Bisacetoxyacetyldiphenyl.—Diphenyl was treated with chloroacetyl chloride as described above. The product, 
which was sparingly soluble in most solvents, was best purified by grinding it with charcoal and then extracting the 
mixture with acetone (Soxhlet). The boiling acetone extract deposited a yellow solid which, after recrystallisation from 
cyclohexanone, had m. p. 220—225°; oe and Turner (J., 1934, 869) give 226—227°. 1-1 G. of the chloro-ketone’ 
were heated under reflux with 1-6 g. of fused potassium acetate and 15 c.c. each of acetic acid and acetic anhydride 
for3 hours. The product, whicl formed plates from alcohol, had m. p. 184—189° (Found : C, 67-7; H, 4-95. Cy 9H,,0, 
Trequires C, 67-8; H, 5-1%). 

2 : 7-Bischloroacetylfiuorene.—5 G. of fluorene were treated with chloroacetyl chloride exactly as in the previous 
example.. The product was also very sparingly soluble and was purified by extracting a mixture with charcoal by 
acetone (Soxhlet). The extract, which showed a yellow fluorescence, deposited the chloro-ketone as a granular solid. 
After several crystallisations from cyclohexanone, it formed fine needles, m. p. 280° (decomp.) (Found: C, 64-5; H, 4-0. 
C,;H,,0,Cl, requires C, 64-1; H, 3-8%). 

_ 2:1-Bisacetoxyacetylfluorene.—This was formed in the usual way but the product did not crystallise well. Accord- 
ingly, it was dissolved in a large quantity of benzene, and the solution poiesaasd through a column of alumina. The 
impurities formed a broad orange band at the top of the column, whereas the early eluates afforded na ae” acetoxyacetyl 
compound. It formed small colourless plates from alcohol, m. p. 185—190° (Found: C, 69-0; H, 4-8. C,,H,,0, 
Tequires C, 68-9; H, 40%). 

_ 2-Acetoxyacetylphenanthrene.—2-5 G. of 2-bromoacetylphenanthrene (Haworth and Mavin, Joc. cit.) were treated 
with potassium acetate in acetic acid—anhydride in the usual way. The product formed prismatic needles, m. p. 116— 
118°, from ethanol (Found: C, 78-2; H, 5-2. C,,H,,O, requires C, 77-7; H, 5-1%). 
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3-A cetoxyacetylphenanthrene.—3-Bromoacetylphenanthrene (Haworth and Mavin, loc. cit.) was treated with potassium 
acetate as before. The acetoxyacetyl compound formed prismatic needles, m. p. 124—125°, from acetone—methano| 
(Found: C, 77-9; H, 5-2%). 

9-A cetoxyacetylphenanthrene.—30 G. of phenanthrene, dissolved in 420 c.c. of acetic acid, were treated with a solution 
of 18-5 c.c. of bromine in acetic acid. After standing for 1 hour the insoluble dibromide was filtered off. The solid 
was heated in a large flask or a water-bath and hydrogen bromide was liberated and 9-bromophenanthrene formed, 
20 G. of bromo-compound, recrystallised from alcohol, were heated with 9 g. of cuprous cyanide in a distilling flask at 
250—260° for 44 hours. The product, which was distilled straight out of the reaction flask at 10 mm., was crystallised 
several times from ethanol; yield 7:5 g., m. p. 103—104°. “4 G. of the nitrile were warmed with 60 c.c. of 60% sulphuric 
acid, and a crop of fine needles was soon deposited. This proved to be the amide, m. p. 238—240°, and when this was 
heated with 10% aqueous-alcoholic sodium hydroxide and the mixture acidified, 9-phenanthroic acid was obtained, 
2-5 G. of the acid were suspended in 10 c.c. of dry benzene and treated with 2 c.c. of thionyl chloride in the presence 
of 2 drops of pyridine. After warming on a water bath for } hour, the benzene was distilled off and replaced by a further 
10 c.c. of benzene which was also removed. The crystalline residue was dissolved in 100 c.c. of benzene and treated 
with an ethereal solution of diazomethane formed from 4 g. of nitrosomethylurea. The mixture was left for 2 days 
at room temperature, and after addition of an excess of acetic acid, the solvents were removed under reduced pressure, 
The residue was heated with acetic acid for a short time, a considerable evolution of gas occurring. An ethereal solution 
of the product was washed with dilute alkali, dried, and then evaporated. The material was dissolved in benzene, 
and the solution percolated through a column of alumina. The solid obtained by evaporation of the eluates was crystal- 
lised from benzene-light petroleum and finally from light petroleum (b. p. 60—80°). The 9-acetoxyacetylphenanihrene 
had m. p. 121—123° (Found: C, 77-7; H, 5-2%). ; 

Attempted Conversion of 9-Bromophenanthrene into 9-Phenanthroic Acid.—2 G. of 9-bromophenanthrene, 2 g. of potass- 
ium cyanide, 0:5 g. of cuprous cyanide, and 10 c.c. each of water and alcohol were heated together in a sealed tube at 
200° for 2 hours. The mixture was then diluted with water and extracted with ether. On acidification, the aqueous 
layer yielded a white solid which was readily soluble in alkali. This acid product had m. p. >280°, whereas 9-phen- 
anthroic acid melts at 250°. The high-melting compound was probably a copper complex, since it dissolved in dilute 
ammonium hydroxide to give a blue solution and left a residue of copper oxide on ignition. 

7-Methoxy-1-acetoxyacetylnaphthalene.—2 G. of 7-methoxynaphthoic acid were converted into the acid chloride as 
described above, and the product dissolved in 20 c.c. of benzene. This solution’ was treated with diazomethane (from 
‘4 g. of nitrosomethylurea) in ethereal solution. After standing at room temperature for 4 hours, the product was 
decomposed with acetic acid as previously described. The resin was dissolved in benzene, and the solution allowed 
to percolate through a column of alumina. A light yellow oil was obtained from the early eluates, and this solidified 
after standing for 2 days. Crystallisation was difficult, but by dissolving the compound in ether, adding light petroleum 
(b. p. 40—60°), and then allowing the ether to evaporate off slowly, long lemon-coloured needles of 7-methoxy-1-acetoxy- 
acetylnaphthalene, m. p. 61°, were obtained (Found: C, 69-8; H, 5-5. C,sH,,0, requires C, 69-8; H, 5-5%). 


The author’s thanks are due to Professor G. A. R. Kon for his interest in this work, and to Organon Laboratories 
Ltd. for permission to publish the results. 
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140. The Constituents of Expressed West Indian Lime Oil. 
By A. G. CaLpwELLt and E. R, H. JONnzs. 


Certain of the non-volatile constituents of expressed West Indian lime oil (from Citrus aurantifolia, 
Swingle) have been isolated and identified. In addition to limettin (I; R = R, = Me) (5: 7-dimethoxycoum- 
arin), which had been identified earlier, the solid which separates from the oil on standing contains the furo- 
coumarin, isopimpinellin (II; R = OMe, R; = Me). These two constituents have also been isolated: from 
the oil, together with 7-methoxy-5-geranoxycoumarin (III), which is present to the extent of 2—2-5%, and traces 
of bergaptol (II; R = R, = H), previously obtained from bergamot oil. 


Lim_ oil is known to commerce in two forms, expressed and distilled. The expressed oil is produced by punc- 
turing the cells in the skin of the fruit and separating the oil and the watery fluid so obtained. The distilled 
oil is produced either by direct distillation of the fruit rinds or as a by-product in the evaporation of lime 
juice during the isolation of citric acid. 

The difference in the origins of the two oils is reflected in differences in their physical and chemical pro- 
perties. The distilled oil is said to possess a somewhat unpleasant, acrid or turpentine-like smell, in contrast 
to the pleasant odour of the expressed oil. In general, distilled oils have a lower refractive index, acid number, 
aldehyde content, and a lower proportion of non-volatile matter than expressed oils, although the figures 
quoted in-the literature vary between rather wide limits. 

Until recently, these oils had been but little studied; however, the distilled oil has now been thoroughly 
investigated by Guenther and Langenau (J. Amer. Chem. Soc., 1943, 65, 959), who have proved the presence 
therein of some twenty compounds, including hydrocarbons, alcohols, aldehydes, and esters. The expressed 
oil has: been stated to contain citral, limonene, /-«-terpineol, bisabolene, methyl anthranilate, and limettin 
(citropten; 5: 7-dimethoxycoumarin) (I; R = R, = Me) (Allen’s ‘“ Commercial Organic Analysis,’ 5th EG., 
1925, Vol. IV, 204). As part of a detailed study of the expressed oil (West Indian, from Citrus aurantifolia, 
Swingle ; ‘ Citrus medica, L., var. acida, Brandis), the non-volatile constituents have been examined and form 
the subject of this paper. 

The oil as originally obtained is a clear, golden-yellow liquid with a faint blue fluorescence, which gradually 
deposits a pale yellow solid on standing. In the present instance, from some 2 kg. of oil, 12 g. of this solid 
were separated by filtration. By a tedious purification procedure, including treatment of this solid with 
alkalis and precipitation with acids, Tilden (J., 1892, 61, 344) isolated limettin as pale straw-coloured crystals, 
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m. p. 147-5°, and stated that the original contaminant was some waxy vegetable matter. Limettin was shown 
to be 5: 7-dimethoxycoumarin (I; R = R, = Me) (Tilden and Burrows, J., 1902, 81, 508) and this was con- 
firmed by the synthetic work of Heyes and Robertson (J., 1936, 1831). It has now been found that the 
resolution of the deposited material into pure constituents can readily be effected by chromatographic analysis 
on alumina from benzene solution. In this way, pure limettin was isolated in a colourless condition, together 
with a slightly smaller amount of a yellow crystalline compound, m. p. 147—148°, depressed to about 
115° on admixture with an equal amount of limettin. It is noteworthy that Tilden and Beck (J., 1890, 57, 
323) first reported the m. p. of limettin as 121°. The lactonic nature of this yellow compound was soon 
apparent, the analytical data indicated the molecular formula, C,;H,,O,, and its identity with the furocoumarin, 
isopimpinellin (II; R = OMe, R, = Me), described by Wessely and Kallab (Monatsh., 1932, 59, 161), seemed 
highly probable. Since a direct comparison was impossible, this identity has been established by the form- 
ation of furan-2 : 3-dicarboxylic acid on oxidation with hydrogen peroxide, and by the preparation of a number 
of derivatives, the constants of which are compared in the accompanying table with those quoted by the 
earlier workers. 


Compound. Present work. Wessely and Kallab (Joc. cit.). 
isoPimpinellin Yellow needles, m. p. Yellow needles, m. p. 148—151° 
147—148° : 

Methoxy-acid obtained by fission of the M. p. 157—158-5° Sintering slightly 143°, strongly 156°, molten 

lactone ring . _ 162° 
Dihydrohydroxy-acid obtained by sodium- M. p. 139°, sintering 131° M. p. 141°, sintering 130° 

amalgam reduction of isopimpinellin 
Dihydroisopimpinellin obtained by heating M. p. 93-5—94° M. p. 95-5° 

the above acid 
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Curve (a): Limettin (I ; R = R, = Me). 

(b) : 7-Methoxy-5-geranoxycoumarin (IIT). 

(c) : Me ether of bergaptol (II; R = R, = H). 
(d): isoPimpinellin (II; R = OMe, R, = Me). 





isoPimpinellin has previously been isolated from several members of the Umbellifere, viz., Pimpinella 

saxifraga, L. (Wessely and Kallab, loc. cit.), Seseli indicum, Wall. (Spath, Bose, Matzke, and Guha, Ber., 1939, 

72, 821), and Heracleum sphondylium, L. (Spath and Simon, Monatsh., 1936, 67, 344), but hitherto from only one 

a a of the Rutace@ (Luvunga scandens, Ham.) (Spath, Bose, Schmidt, Dobrovolny, and Mookerjee, Ber., 
, 78, 1361). 

_ Removal of some 85% of the filtered oil by distillation under reduced pressure left a residual pale brown 
oil with a bluish fluorescence from which solid material separated on starding at 0° in methyl-alcoholic solution. 
Fractional crystallisation of this solid effected no appreciable purification, but chromatographic analysis on 
alumina from benzene solution resulted in a sharp separation into three fractions, consisting of limettin, iso- 
Pimpinellin, and a new colourless compound A, m. p. 86—87°, of composition Cyy>H,,O, (one methoxyl group). 
Its marked fluorescence and its light-absorption properties (see Fig.) are strongly reminiscent of those of limettin, 
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and in view of its relatively low melting point, and fission to a dimethoxy-acid, C,,H,,O;, on treatment with 
alkali and methy! sulphate, it appeared possible that it was a methoxygeranoxycoumarin. The gerany] ether 
grouping is not common amongst naturally occurring compounds, but Spath and Kainrath (Ber., 1937, 70, 
2272) have shown that the bergamottin (m. p. 59—61°) of bergamot oil is the geranyl or neryl ether (II. 
R = H, R, = geranyl) of bergaptol. 


OR, bo einai 
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YW NcH . Y Ncw 
i oS ae FSG tao Dy 


(I.) (III.) 


Ozonolysis of compound A gave acetone and levulic aldehyde in good yields, indicating the presence ofa 
geranyl residue in the molecule, and on treatment with acetic acid containing a little sulphuric acid a phenolic 
compound, C,,H,O, (one methoxyl group), m. p. 228—229°, was produced. Sincé limettin was formed on 
methylation of this phenol with diazomethane it must be represented by either (I; R = Me, R, = H) or 
(I; R= H, R, = Me). Of these, the latter is already described by Howell and Robertson (J., 1937, 293) 
as having m. p. 246° and giving no colour with ferric chloride. The present phenol, which gives a pale green 
coloration with ferric chloride and a positive indophenol reaction indicating a free p-position to the hydroxyl 
group (cf. Gibbs, J. Biol. Chem., 1927, 72, 649), must be 5-hydroxy-7-methoxycoumarin, and compound A is 
therefore 7-methoxy-5-geranoxycoumarin (III). The presence of this compound in the oil in such relatively large 
amount (2-0—2-5%) doubtless accounts for the characteristic blue fluorescence of the expressed oil. This 

. fluorescence has usually been attributed to the presence in the oil of methyl anthranilate (e.g., Schimmel and 
. Co.’s Report, 1904, Vol. II, 54), but the present work does not support this view, in that no nitrogenous material 


could be detected in the less volatile portions of the oil, and methyl anthranilate must be present in very 
small amount, if at all. 


The viscous oil remaining after removal of the substances described above was distilled in a vacuum, 
finally at 10“ mm. From the portion distilling at 100—125° (bath temp.) there was isolated a very small 
amount of a phenolic compound, m. p. 275—278° which gave a methyl ether, m. p. 182—185°, but there 
was insufficient material available for complete purification. The light absorption (see Fig.) of the methyl 
ether is characteristic of the furocoumarin structure, and it is highly probable that this material is identical 
with the bergaptol (II; R = R, = H) (m. p.* 280—282°; methyl ether, m. p.* 190—191°) isolated by Spath 
and Socias (Ber., 1934, 67, 59) from bergamot oil (from Citrus bergamia Risso—Rutacea). 


EXPERIMENTAL. 


(Light-absorption data were determined in alcoholic solutions.) 

Isolation of Limettin (I; R = R, = Me) and isoPimpinellin (II; R = OMe, R, = Me).—The sediment which had 
formed in the oil (ca. 2 kg.) was filtered off and washed with light petroleum (b. p. 40—60°), giving a pale yellow solid 
‘ (12 g.). A small portion had m. p. 114—116° after one crystallisation from methyl alcohol. The crude solid was dis- 

solved in benzene (300 c.c.) and adsorbed on a 40 x 3 cm. column of “‘ Birlec ’’ alumina, forming a yellow upper band 
and a colourless lower band showing a strong blue fluorescence in ultra-violet light. Elution with benzene yielded 
initially a small amount of gummy matter, followed by limettin (5-7 g.), crystallising from methyl alcohol in prismatic 
needles, m. p. 145—146° (Found: C, 63-8; H, 5-05. Calc. for C,,H,,O,: C, 64-05; H, 49%). Light absorption: 
Maxima, 2220, 2470, 2505, 3240 a.; log e = 4-03, 3-84, 3-84, 4-18. 

Subsequent elution with a mixture of benzene and chloroform (5 : 1) gave a pale yellow solid which, on crystallisation 
from methyl alcohol, yielded isopimpinellin (4-8 g.) in long, fine, golden-yellow needles, m. p. 147—148° (Found: C, 
63-7, 63-7; H, 4-15, 3-95; OCH,, 23-4, 25-2, 18-9, 20-1. Calc. for C;;H,,O,: C, 63-4; H, 4-1; 2OCH,, 25-2%). Light 
absorption: Maxima, 2220, 2450, 2690, 3080, 3160 a.; log e« = 4-39, 4-17, 4-26, 4-11, 4-11. 

ission of Lactone Ring in isoPimpinellin—isoPimpinellin (200 mg.) was treated with potassium hydroxide and 
methyl sulphate according to Wessely and Kallab (Joc. cit.). The acid (180 mg.) was obtained as small prismatic needles, 
m. p. 157—158-5°, after two recrystallisations from benzene-light petroleum (b. p. 60—80°) (charcoal). [In one similar 
experiment the acid sintered at 148° and melted at 156—158°; the m. p. did not improve on recrystallisation (cf. the 
m. p. reported by Wessely and Kallab).] (Found: C, 60-55, 60-7; H, 5-05, 5-25; OCH, 30-0. Calc. for C,4H,,0,: 
C, 60-45; H, 5-05; 30CH,, 32-7%). 

Oxidation of isoPimpinellin with Hydrogen Peroxide.—isoPimpinellin (200 mg.) was dissolved in sodium hydroxide 
solution (16 c.c.; 5%), and hydrogen peroxide (6 c.c.; 9%) added. The mixture was set aside at room temperature 
for 17 hours, and then heated to 70—80° for 6 hours. After acidification with dilute sulphuric acid, the solution was 
evaporated to dryness under reduced pressure, the residue extracted with alcohol, and the dark tarry residue remaining 
on evaporation of the extract was distilled at 10-¢ mm. The solid distilling at 90—100° (bath temp.) had m. p. 212— 
215° (decomp.), and after a further sublimation at 10-¢ mm. it had m. p. 215—217° (decomp.) (lit., m. p. of furan-2 : 3- 
dicarboxylic acid, 221°). 

Reduction of isoPimpinellin with Sodium Amalgam.—isoPimpinellin (200 mg.) was treated with sodium amalgam 
(20 g.; 5%) by the method of Wessely and Kallab (loc. cit.). The dihydro-acid (190 mg.) formed long needles, m. p. 
139°, softening at 131°, on crystallisation from benzene-light petroleum (b. p. 60—80°) (charcoal). 

Preparation of Dihydroisopimpinelling—The acid obtained as above (20 mg.) was heated at 140—150° for 2 hours, 
and the product distilled at §0° (bath temp.)/10-* mm. The sublimate, which had m. p. 90—92°, crystallised from 
pees mee — (b. p. 60—80°) in long, fine needles, m. p. 93-5—94°. Light absorption : Maxima, 2200, 2550 4.; 

og ¢ = 4-44, 4-16. ; 

Isolation of 7-Methoxy-5-geranoxycoumarin (111) (Compound A).—The lime oil (525 g.), from which the solid deposit 


* These m. p.’s are the highest of a number of values quoted in the literature. 
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had been separated, was distilled under reduced pressure from a Claisen flask, all the material with b. p. up to 88°/4 mm. 
(bath temp. not greater than 110°) being removed. The residual pale brown, greenish-blue-fluorescent oil (73 g.) was 
dissolved in methyl alcohol (ca. 50 c.c.) and set aside at 0° for several days. The almost white solid which separated 
was filtered off and washed, first with methyl alcohol and then with light petroleum (b. p. 40—60°). The solid (16-6 g.), 
dissolved in benzene (300 c.c.), was adsorbed on a 38 x 3 cm. column of “‘ Birlec”’ alumina, and three well-defined 
bands were then visible under an ultra-violet lamp, viz., (2) a large lower band with a bright blue fluorescence, (b) a 
small middle band showing an intense greenish-blue fluorescence, and (c) a small yellow band at the top showing no 
fluorescence. The large band (a) was cut out and extracted with ether, evaporation of which gave 7-methoxy-5-geranoxy- 
coumarin (11-8 g.) which crystallised from light petroleum (b. p. 60—80°) in small shining plates, m. p. 86—87° [Found : 
C, 72-85; H, 7-6; OCHs, 8-0, 7-4, 9-1; M (Rast), 336. C,.H,,O, requires C, 73-15; H, 7-35; LOCH,, 9-4%; M, 328]. 
Light absorption: Maxima, 2220, 2480, 2510, 3250 a., log e = 4-10, 3-91, 3-91, 4-16. 

The other bands (b) and (c) were cut out of the column and extracted with ether, yielding limettin (1-2 g.) and iso- 
pimpinellin (2-2 g.), respectively, both identified by mixed m. p. with the specimens obtained earlier. 

Fission of Lactone Ring in Compound A.—Compound A (1-0 g.) was treated with potassium hydroxide and methyl 
sulphate in a manner similar to that used for isopimpinellin. The 4 : 6-dimethoxy-2-geranoxycinnamic acid (900 mg.) 
crystallised from light petroleum (b. p. 60—80°) or aqueous methy] alcohol in small shiny needles, m. p. 98—99° (Found : 
C, 69-75, 69-65; H, 7-8, 7-75; OCHs;, 13-8: C,,H,,O, requires C, 69-95; H, 7-85; 2OCH,, 16-9%). 

Ozonolysis of Compound A.—Ozonised oxygen was passed into a solution of compound A (500 mg.) in ‘‘ AnalaR”’ 
acetic acid (20 c.c.) until oxidation was complete (5 hours). Water (30 c.c.) was then added, and the reaction mixture 
warmed on the steam-bath until it became clear. More water (70 c.c.) was added and the solution was distilled in 
steam, the steam-distillate being collected in fractions, to each of which an aqueous solution of 2 : 4-dinitrophenyl- 
hydrazine sulphate was added. The first 10 c.c. of distillate yielded a bulky orange precipitate, which dissolved almost 
completely in hot methyl alcohol, the filtered solution on cooling depositing orange plates (250 mg.; 70% of theory) 
of acetone-2 : 4-dinitrophenylhydrazone, m. p. and mixed m. p. 123—124°. Later fractions of the steam-distillate gave 
a bright yellow derivative, separating from nitrobenzene-ethy] alcohol as a powder, m. p. 232—-233°, identified as levulic 
aldehyde by comparison with an authentic specimen. 

5-Hydroxy-7-methoxycoumarin (I; R = Me, R, = H).—Compound A (500 mg.) was set aside at room temperature 
for 19 hours with glacial acetic acid (7 c.c.) and concentrated sulphuric acid (2 drops). The solution was then dark brown 
and a pale yellow precipitate had formed. This solid (230 mg.; 80% of theory), m. p. 227—229°, was filtered off and 
on crystallisation from ethyl acetate gave small colourless needles of 5-hydroxy-7-methoxycoumarin, m. p. 228—229°. 
It was readily soluble in 2N-sodium hydroxide and gave a pale green colour with ferric chloride solution (Found: C, 
62-45; H, 4-1, OCH, 13-7. C,H,O, requires C, 62-5; H, 4:2; LOCH;, 16-1%). Light absorption: Maxima, 2520, 
2560, 3240 a.; log e = 3-84, 3-84, 4-17. 

Methylation. The phenol (15 mg.) was-dissolved in ether and a little methyl alcohol and treated with an excess 
of an ethereal solution’of diazomethane. After standing for 30 minutes, the ether was evaporated, and the residue 
was sublimed at 70° (bath temp.)/10“ mm. Crystallisation of the sublimate from aqueous methyl alcohol gave needles 
of limettin, m. p. 144—-145°, undepressed on admixture with an authentic specimen. 

Isolation of Bergaptol (11; R = R, = H).—The methyl-alcoholic solution of the oil remaining after removal of 
compound A was evaporated under reduced pressure, and the residue distilled at 10-* mm. The distillate (14-5 g.), 
collected up to b. p. 105°, was a pale-green oil (the colour doubtless due to the azulenic compound known to be present 
in the oil). The dark, viscous residue in the flask was distilled from an electrically heated retort at 10* mm. The 
earlier fractions (distilling up to bath temp. 100°) consisted of small amounts of the solids already isolated along with 
some colourless and blue-green oily substances. At 100—125° (bath temp.) some pale yellow solid distilled along with 
an oil which set to a glass on cooling. The solid (0-3 g.) was separated by trituration with methyl alcohol and melted 
at ca. 200—240°. After a further sublimation at 100° (bath temp.)/10~* mm. the now colourless solid had m. p. 255— 
270°. After three crystallisations from aqueous methyl alcohol and aqueous acetone and a sublimation at 110° (bath 
temp.) /10-* mm., a small amount (20 mg.) of bergaptol, m. p. 275—278°, was obtained. The compound was readily 
soluble in dilute alkalis and gave a pale green colour with ferric chloride solution (Found: C, 64-4; H,°3-1. Calc. for 
C,,H,O,: C, 65-35; H, 30%). Methylation of the phenol (8 mg.) with diazomethane gave the ether, m. p. 182—185° 
aiter a sublimation at 60° (bath temp.)/10-* mm, and crystallisation from aqueous methyl alcohol. Light absorption : 
Maxima, 2200, 2500, 2675, 3070 a.; log e« = 4-39, 4-23, 4-23, 4-16. 


The authors thank Professor I. M. Heilbron, D.S.O., F.R.S., and Professor J. L. Simonsen, F.R.S., for their interest 


in this work, and the Colonial Products Research Council both for the lime oil and for the financial support which rendered 
this investigation possible. 
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141. The Preparation and Chromoisomerism of 4: 5-Dinitro-l-naphthylamine, and 


Some Perimidines and Perinones from 4-Chloro- and 4-Bromo-1 : 8-naphthylene- 
diamine. 


By HERBERT H. Hopcson and Davip E. Hatuway. 


The preparation of 4 : 5-dinitro-l-naphthylamine and its chromoisomerism are described ;, 4-chloro- and 
4-bromo-1 : 8-dinitronaphthalene have been prepared from this amine, and a number of perimidines and 
perinones have been made from the corresponding 4-chloro- and 4-bromo-l : 8-naphthylenediamines. The 


p-nitrobenzeneazo-derivative of 6 (or 7)-chloro-2-methylperimidine gives remarkable differences of colour in 
various solvents. ; 


ALTHOUGH the preparation of 4: 5-dinitroaceto-1-naphthalide and 4: 5-dinitro-1-naphthylamine has been claimed 
in D.R.-P. 145191, the details given are inadequate. It has now been found that 4 : 5-dinitroaceto-1-naphthalide 
is readily obtained in over 95% yield by nitration of 5-nitroaceto-l-naphthalide and is easily hydrolysed to 
4: 5-dinitro-l-naphthylamine. This amine exhibits pronounced chromoisomerism since it crystallises in yellow 
needles from glacial acetic acid and in red needles from amy] alcohol. 
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The preparations of 4-chloro- and 4-bromo-1 : 8-dinitronaphthalene in yields of 88 and 98%, respectively, 
from 4 : 5-dinitro-l-naphthylamine were made by Hodgson and Walker’s diazotisation procedure (J., 1933, 
1620), followed by the appropriate Sandmeyer reaction. These compounds have been previously prepared 
by the dinitration of 1-chloronaphthalene (Atterberg, Ber., 1876, 9, 928; cf. also Ekstrand, J. pr. Chem,, 
1888, 88, 171, who dinitrated 5-chloro-1-naphthoic acid), and by the dinitration of 1-bromonaphthalene (Merz 
and Weith, Ber., 1882, 15, 2710; cf. also the dinitration of 5-bromo-l-nitronaphthalene by Ullmann and 
Consonno, Ber., 1902, 35, 2805). Repeated recrystallisation, however, failed to raise the m. p.’s of our products 
to those previously recorded, but our methods of preparation are unequivocal. Moreover, the 4 : 5-dinitro-]- 
naphthylamine used in our experiments, when deaminated by Hodgson and Turner’s procedure (J., 1942, 
748), gave an almost quantitative yield of 1 : 8-dinitronaphthalene, thereby establishing its constitution and 
purity. 

Reduction of 4-chloro- and 4-bromo-1 : 8-dinitronaphthalene by Hodgson and Marsden’s iron procedure 
(J., 1944, 316) gave quantitative yields of the 4-chloro- and 4-bromo-1 : 8-naphthylenediamines when isolated 
as sulphates. For subsequent work, the diamines were extracted from the reduction mixtures of the 4-chloro- 
and 4-bromo-1 : 8-dinitronaphthalenes by ether or benzene, and the extract dried before reactions with toluene- 
p-sulphonyl chloride, formic acid, and acetic, phthalic, or naphthalic anhydrides, perimidine (or perinone) 
formation taking place with great ease (cf. Sachs e# al., Annalen, 1909, 365, 53—166). 

The p-nitrobenzenemonoazo-derivative of 6(or 7)-chloro-2-methylperimidine exhibited remarkable colours 
when dissolved in the concentrated mineral acids, sulphuric (green), hydrochloric (blue-green), and nitric 
(yellow), all turning to scarlet on dilution; and also when dissolved in acetic acid, benzene, or toluene (crimson), 
and in acetone and nitrobenzene (violet). The red colours probably represent the azo-form, and the violet 
colours the tendency to an indamine structure, whereas the colours with mineral acids indicate salt formation. 


EXPERIMENTAL. 


Preparation of 4-Chloro- and 4-Bromo-1 : 8-dinitronaphthalenes.—4 : 5-Dinitroaceto-l-naphthalide was obtained 
when finely divided 5-nitroaceto-l-naphthalide (12-3 g.) was dissolved below 0° in sulphuric acid (60 c.c., d 1-84), and 
the solution treated dropwise below 0° with one of nitric acid (3-6 c.c., d 1-42) and sulphuric acid (3-6 c.c., d 1-84). Stir- 
ring was continued for 2 hours after the addition was completed, and the mixture was then poured on ice (1 1.), the pre- 
cipitate of 4 : 5-dinitroaceto-l-naphthalide (14-0 g.) removed, washed with water, dried at 100°, and dissolved in boiling 
glacial acetic acid from which it crystallised on cooling in lemon prisms with pointed ends, m. p. 244° (D.R.-P. 145,191 
records felted yellow needles, m. p. 244°) (Found: N, 15-2. Calc.: N, 152%). 4: 5-Dinitro-l-naphthylamine was 
obtained from the above naphthalide (14-0 g.), by refluxing it for 1 hour with a mixture of sulphuric acid (90 c.c., d 1-84), 
ethyl alcohol (180 c.c.), and water (90 c.c.), the resulting solution being filtered, diluted with ice (700 g.), and neutralised 
with aqueous ammonia; the yellow precipitate‘of the amine (11-2 g.) was removed, washed, and dried at 100°, and then 
cxyetallin ed from glacial acetic acid in 8 rt gy needles, m. p. 236° (D.R.-P. 145,191 gives brownish-orange leaflets, 
i p. a 181%) acid) (Found: N, 18-2. Calc.: N, 18-0%), and long red needles, m. p. 236°, from amyl alcohol 

ound: N, 181%). 

4 : 5-Dinitro-1-naphthol was formed when 4 : 5-dinitroaceto-l-naphthalide (2 g.) was boiled under reflux for 30 minutes 
with a solution of potassium hydroxide (1 g.) in ethyl alcohol (20 c.c.), the mixture acidified with dilute mineral acid, 
and the resulting precipitate purified by dissolution in 5% aqueous potassium hydroxide, and reprecipitated by acid 
(0-5 g.); it finally crystallised in brownish needles from ethyl alcohol, m. p. 208° (decomp.) [Ullmann and Consonno, 
loc. cit., give m, p. 208° (decomp.)] (Found: N, 11.9. Calc.: N, 11-9%). 

4-Chloro-1 : 8-dinitronaphthalene was obtained when a solution of 4 : 5-dinitro-l-naphthylamine (10 g.) in glacial 
acetic acid (150 c.c.) was diazotised by addition to a mixture of sodium nitrite (3-0 g.) and sulphuric acid (20 c.c., d 1-84) 
below 20° with stirring continued for 30 minutes, and the chilled solution stirred into one of cuprous chloride (12 g.) in 
hydrochloric acid (40 c.c., d 1-18) at 0° and kept overnight. The chloro-compound (9-8 g.) was precipitated from the 
mixture by pouring it on ice (800 g.), removed, washed, digested with 5% aqueous sodium hydroxide to remove any 
4 : 5-dinitro-l-naphthol, and crystallised first from aqueous acetic acid and then from amy] alcohol, forming long golden 
needles with a metallic lustre, m. p, 173° (Atterberg, loc. cit., gives m. p. 180°) (Found: N. 11-2. Calc.: N, 11-1%). 

-4-Bromo-1 ; 8-dinitronaphthalené was obtained in precisely analogous manner, but by means of cuprous bromide 
(12 g.) in hydrobromic acid (30 c.c., d 1-7); it crystallised from amyl alcohol (charcoal) in golden prismatic needles 
{120 B.) eo A "94%). lustre, m. p. 167° (Ullmann and Consonno, loc. cit., give yellow crystals, m. p. 170°) (Found: 

» vv. alc. : » v ‘o)}* 

Some Perinones and Perimidines from 4-Chloro- and 4-Bromo-naphthylenediamines.—T he — of 4-chloro- and 4- 
bromo-1 : 8-naphthylenediamines. 4-Chloro- or 4-bromo-1 : 8-dinitronaphthalene (1 g.) was refluxed with a mixture of 
iron powder (2 g.), ferrous ammonium sulphate (0-5 g.), and water (50 c.c.) for 1 hour; ethyl alcohol (25 c.c.) was then 
added, the mixture again boiled, and filtered hot into dilute iced sulphuric acid, and the corresponding sulphate was 
precipitated in small platelets. These were removed, washed successively with dilute sulphuric acid, water, and ether, 
and dried in a vacuum over sulphuric acid (Found: H,SQ,, 33-9. C,9H,N,Cl,H,SO, requires H,SO,, 33-7%. Found: 
H,SO,, 29-5. C,gH,N,Br,H,SO, requires H,SO,, 29-2%). - 

These sulphates, which are colourless (pure white in bulk) when freshly prepared, rapidly become grey with mani- 
pulation. In consequence, the free diamines were not isolated in the subsequent experiments, but were used in a solution, 
prepared by reduction as above, the chilled mixture being rendered aittiline with ammonia, extracted with 50 c.c. of 
ether or benzene, and the extract filtered and dried (sodium sulphate). 

4-Chloro-NN’-bistoluene-p-sulphonyl-1 : 8-naphthylenediamine was obtained when a dry benzene solution of 4-chloro- 
1 : 8-naphthylenediamine, toluene-p-sulphonyl chloride (1-7 g.), and anlydrous sodium carbonate (2 g.) was boiled 
under reflux for 1 hour, the mixture filtered, and the benzene removed by evaporation; the residue of the diamide 
crystallised from glacial acetic acid in rosettes of colourless, oval plates, m. p. 220° (decomp.) (Found: N, 5:6. 
CyH,,0,N,CIS, requires N, 5-6%). The bromo-analogue, similarly prepared, crystallised from glacial acetic acid in 
rosettes of colourless plates, m. p. 225° (decomp.) (Found: N, 5-0. C,,H,,0O,N,BrS, requires N, 5-1%). 

6(or 7)-Chloro-10-phthaloperinone was formed when phthalic anhydride (0-5 g.) was added to a dry ethereal solution 
of 4-chloro-1 : 8-naphthylenediamine (from 1 g. of dinitro-compound), the ether removed, the residue transferred to a 
large boiling-tube and heated at 210° for 2—3 hours; the perinone sublimed in scarlet needles, m. p. 212° (Found: N, 
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9-3. CygH,ON,Cl requires N, 9-2%), which gave a violet colour with concentrated sulphuric acid; it also crystallised 
from benzene in red needles, m. p. 312°, ae ‘ : 

6(or 7)-Bromo-10-phthaloperinone, prepared as above, sublimed in small vermilion needles having a metallic lustre, 
and crystallised from benzene in red needles, m. p. 214° (Found: N, 8-1. C,,H,ON,Br requires N, 8-0%), which gave 
a violet colour with concentrated sulphuric acid. 

6(or 7)-Chloro-10-naphthaloperinone, prepared by addition of naphthalic anhydride (0-6 g.) to a dry ethereal solution 
of 4-chloro-1 : 8-naphthylenediamine, followed by removal of the ether and heating the residue at 220°, sublimed 
in long, salmon-pink needles, which crystallised from nitrobenzene in pink needles, m. p. 276° (Found : N, 7-9. C,,H,,ON,Cl 
requires N, 7-9%), and gave a blue-green colour with concentrated sulphuric acid. ‘ 

6(or 7)-Bromo-10-naphthaloperinone, similarly prepared, sublimed in feathery, flesh-coloured needles, which crystal- 
lised from nitrobenzene in pale pink needles, m. p. 286° (Found: N, 7-0. C,,H,,ON,Br requires N, 7-0%), and gave a 
faint green colour with concentrated sulphuric acid. ‘ ; A 

6(or 7)-Chloroperimidine, prepared by addition of formic acid (3 c.c., 90%) to an ethereal solution of 4-chloro-1 : 8- 
naphthylenediamine (from 1 g. of the dinitro-compund), and, after removal of the ether, refluxing the formic acid solution 
for 15 minutes, was isolated by pouring the solution on ice, with subsequent addition of ammonia until just alkaline ; 
the green precipitate of the perimidine crystallised from hot water in olive platelets, m. p. 200° (Found : N, 13-8. C,,H,N,Cl 
requires N, 13-8%). The bromo-analogue, similarly obtained, crystallised from aqueous alcohol in olive-green platelets, 
m. p. 220° (Found: N. 11-3. C,,H,N,Br requires N, 113%). _ . ‘ : , 

6( or 7)-Chloro-2-methylperimidine was formed by use of acetic anhydride (5 c.c.) instead of formic acid, the other 
conditions being as above; the green perimidine crystallised fromm aqueous alcohol in long, green parallelepipeds, m. p. 
127° (Found: N, 12-6. C,,H,N,Cl requires N, 12-8%). The p-nitvobenzenemonoazo-derivative was prepared (0-15 g.) 
by addition of an aqueous solution of p-nitrobenzenediazonium chloride (from 0-14 g. of p-nitroaniline) to an alcoholic 
solution of the perimidine (0-22 g.) below —5° in the presence of excess of sodium acetate, and crystallised from benzene 
in shining purple plates, m. p. 125° (Found: N, 19-0. C,,H,,0,N,Cl requires N, 19-1%), solutions of which exhibited 
the remarkable differences in colour already described. . . 

6(or 7)-Bromo-2-methylperimidine crystallised from aqueous alcohol in dark green needles, m. p. 130° (Found: N, 
108. CygH,N,Br requires N, 10-7%). 


The authors thank Imperial Chemical Industries Ltd. (Dyestuffs Division) for a scholarship (to D. E. H.) and for 
gifts of chemicals. 
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142. An Interpretation of the Sandmeyer Reaction. Part VI. The Influence of the 
Chloride Ion on the Decompositions of Neutral p-Nitrobenzenediazonium Chloride 
and of p-Nitrobenzenediazonium Cobaltinitrite. 


By HERBERT H. Hopcson and Douctas D. R. SIBBALD, 


Evidence is submitted that the chlorine anion plays little or no part in the conversion, by heating, of neutral 
p-nitrobenzenediazonium chloride into p-chloronitrobenzene, and that in the absence of copper salts it does not 
interfere with the decomposition of neutral p-nitrobenzenediazonium cobaltinitrite to p-dinitrobenzene. Cupric 


chloride in neutral solution decomposes p-nitrobenzenediazonium chloride to give an 85% yield of p-chloronitro- 
benzene. 


Most of the decompositions of diazonium salts by metallic chlorid& hitherto reported have been studied in 
acid solutions (cf. Blumberger, Rec. Trav. chim., 1930, 49, 257, 267; Hodgson, Birtwell, and Walker, J., 1941, 
770; 1942, 720; Hodgson and Sibbald, J., 1944, 395), and found to vary greatly in the presence of hydro- 
chloric acid either with sodium chloride or with the addition of various catalysts : in particular, when the acid 
concentration altered from 29 to 6%, the yield of p-chloronitrobenzene altered from 56 to 17%. Sodium 
chloride was present in all these experiments, and in the case ofthe 56% yield the solution was saturated with 
it, so that it appeared of interest to ascertain whether metallic chlorides, i.e., the chlorine anion, took part in 
the decomposition or whether the p-chloronitrobenzene formed was mainly due to un-ionised hydrogen chloride 
(cf. Hodgson et al., J., 1942, 720). For this purpose, the acid solution of p-nitrobenzenediazonium chloride 
was exactly neutralised with the appropriate base, and the corresponding metallic chlorides added in equivalent 
amounts to secure exactly parallel sets of decompositions. Except in the cases of calcium and zinc chlorides, 
it is not possible to ensure complete neutrality throughout the decomposition on account of the hydrochloric 
acid formed by the decomposing diazonium chloride, but in the above two cases this may be overcome by 
having present an excess of calcium carbonate or zinc oxide, respectively. Comparison of the figures obtained 
with and without filtering off the excess base shows that the acid formed is without significant effect upon the 
yield and consequently may be ignored in the other experiments where its presence is unavoidable. 

From Table I it is seen that in neutral decompositions the addition of relatively large amounts of metallic 
chlorides causes no significant rise in the yield of chloro-compound above that obtained when no salts are added. 
There is, however, one exception, viz., that when cupric chloride is added to the solution neutralised with 
calcium carbonate the yield rises to 85%, this remarkable result being obtained with about one-third of the 
equivalent amount of chlorine present in solution, and it would appear to indicate the presence of the complex 
hydrated cupric chloride anion held to exist in the experiments in acid solution (Hodgson and Sibbald, Joc. cit.). 
The results are claimed to show that the chloride ion plays little if any part in the substitution of chlorine for 
the diazo-group, since the only cases of appreciable substitution are those in which there is the possibility of 
the existence of covalent (or partly polarised) chlorine, viz., with hydrogen, cupric,.and calcium chlorides. 
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The behaviour of zinc chloride, which unexpectedly did not follow that of calcium chloride, is probably 
due to the same cause as that which differentiates it from cuprous or cupric salts in the decomposition of its 
complex salts with diazonium compounds, viz., that bound, anionoid, and therefore reactive, water is further 
from the zinc than the polarised chlorine atoms (i.e., the reverse of the case of crystalline K,CuCl,,2H,0). 
Support for this view is to be found in Hodgson and Foster’s observation (J., 1942, 581) that decomposition 
of the zinc diazonium com:lexes in phenol results in ca. 50% chlorine substitution. . 

p-Nitrobenzenediazonium cobaltinitrite has been shown (Hodgson and Marsden, J., 1944, 22) to undergo 
replacement of the diazo< by the nitro-group when treated with sodium nitrite, copper sulphate, and cuprous 
oxide. When this decomposition is carried out in the presence of sodium chloride and copper sulphate in neutral 
solution, the product formed is pure p-chloronitrobenzene, showing that the cupric chloride has been more 
effective than the cobaltinitrite, or alternatively that polarised chlorine is more reactive than the polarised 
nitro-group in the cobalt complex. When the cobaltinitrite is decomposed by sodium nitrite and sodium 
chloride in the absence of copper, the product is entirely p-dinitrobenzene, showing that the fully ionised 
chlorine is without effect on the decomposition, which arises via the polarised nitro-group in the complex and 
is in accord with the results obtained with metallic chlorides mentioned above. Decompositions with sodium 
nitrite and sodium chloride in conjunction with copper sulphate give mixtures of p-chloronitro- and p-dinitro- 
benzene. The m. p.’s of mixtures of these two compounds are not very precise but extend over a short range: 
nevertheless, they seem to indicate that, except for a very slight depression near pure p-chloronitrobenzene, the 
composition—m. p. curve is a straight line connecting the m. p.’s of the pure substances. The approximate 
compositions in Table II are calculated on this assumption. 


EXPERIMENTAL. 


Decomposition of p-Nitrobenzenedfazonium Chloride in Neutral Aqueous Solution in the Presence of Various Metallic 
’ Chlovrides.—Procedure. p-Nitroaniline (2-8 g.) was dissolved in hydrochloric acid (10 c.c., d 1-18) and water (10 c.c.) 
by warming, the solution poured with stirring into water (80 c.c.), cooled to 0° to cause deposition of a fine suspension 
of p-nitroaniline, and diazotised by the rapid addition of sodium nitrite (2-0 g.) dissolved in the minimum of water. 
The solution was neutralised with the appropriate base, and the salts then added on the following plan: that since 27 ¢. 
of sodium chloride is the approximate amount for saturation, the other salts are added in equivalent amounts with the 
exception of crystalline cupric chloride. After filtration, the filtrate was refluxed for 30 minutes, then steam-distilled, 
and the volatile p-chloronitrobenzene weighed. Two experiments were carried out in which the excess base was not 
removed. 


TABLE I. 


Metallic salt added, Yield of p-C,H,Cl-NO, formed : 
Metallic base. g. %. 
CaCO, (excess retained). .....0...sccccccccccecseeece 
CaCO, (excess TeMOVE) ..........ceceecscceeceeces 
ZnO (excess retained) .......c..seceeeeeceeceeceecee 
ZnO (EXCESS TEMOVE) ......... cee ceeceenceceeceeces 
CaCO, (excess reMOved) ..........seeecceeceeceeene 
ZnO (eEXceSS TEMOVE) .........seeeeeerereeeeeceeeee ZNCl,,2ZH,O 39-6 
NaHCO, (neutral to litmus) ......y.......-..-.. NaCl 27-0 
K,CO, (neutral to litmus) .............0ee0e00 KCl 34-3 
CaCO, (excess removed) .........seesseeeseeeeeeeee CuCl, 2H,O 6-9 
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Denon of p-Nitrobenzenediazonium Cobaltinitrite in the Presence of Various Salts in Neutral Solution.—Pro- 
cedure. The cobaltinitrite was prepared in the dry solid state by Hodgson and Marsden’s method ((oc. cit.), and a portion 
(3 g.) added gradually in finely powdered form to water (20 c.c.) in which cuprous oxide (1-2 g.) was suspended, and various 
salts were dissolved as indicated, the whole being stirred at room temperature. After the decompositions were complete 
and evolution of nitrogen had ceased, the mixtures were steam-distilled. The results are given in Table II. 


TaBLeE II. 

Dissolved salts. M. p. of steam-volatile product. 
NaNO, (3 g.); CuSO,,5H,O (3 g.) 171-2° (pure p-dinitrobenzene) / 
NaNO, (3 g.); CuSO,,5H,O (3 g.); NaCl (2-6 g.) 90° (ca. 15% p-dinitro- and 85% p-chloronitro-benzene) 
CuSO,,5H,0 (3 g.); NaCl (2°6 g.) 84° (pure p-chloronitrobenzene) 
NaNO, (3 g.) 171-2° (pure p-dinitrobenzene) 
NaNO, (3 g.); NaCl (2-6 g.) 171-2° (pure p-dinitrobenzene) : 
NaCl (2°6 g.) 85-5° (ca. 5% p-dinitro- and 95% p-chloronitro-benzene) 


The authors are indebted to the Charles Brotherton Trust for a Research Scholarship to one of them (D. D. R. S.), 
and to Imperial Chemical Industries Ltd. (Dyestuffs Division) for the gift of p-nitroaniline. 
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143. The Action of Acids on N-Bromoacetanilides. 
By G. C. IsraEt, (Miss) A. W. N. Tuck, and F. G. Soper. 


The object of the investigation was to determine whether the general acid-catalysed transformation of 
N-bromoacetanilide follows an intramolecular mechanism, as suggested by Bell and his co-workers, or whether 
acids produce an intermediate and free brominating agent. Evidence has been found for the latter view, acetic 
acid being used as catalyst, and bromous acetate has been suggested as the intermediate brominating agent. 


Tue extra-molecular nature of the transformation of N-chloroacetanilide under the influence of halogen acids, 
first demonstrated by Orton and Jones (P.,.1909, 25, 196, 233, 305; Brit. Assdc. Reps., 1910, 85), has been 
confirmed by subsequent investigations (for summary to 1928, see Orton, Soper, and Williams, J., 1928, 998). 
The halogen or mixed halogen, XY, produced by the primary interaction of the N-chloro- or N-bromo-acetanilide 
with the halogen acid HY, NPhX-COR + HY = XY + NHPh-COR, reacts with any substance in the re- 
action medium which is capable of being halogenated. In the simple transformation the substance halogenated 
is mainly the anilide. Certain allied substituted anilines, e.g., in which X = NO, (for summary of reactions, 
see Ingold and Kidd, J., 1933, 984), may, however, under the influence of acids, be transformed quite differently 
by intramolecular rearrangement. 

The further study of the halogenoacylanilides in non-aqueous solvents (Bell, Proc. Roy. Soc., 1934, A, 
143, 377; Bell and Levinge, ibid., 1935, A, 151, 211; Bell and Brown, J., 1936, 1520; Bell and Danckwerts, 
ibid., 19389, 1774) has demonstrated their transformation not only by halogen acids but also by carboxylic 
acids and phenols. Bell (J., 1936, 1154) considers that under these conditions of general acid catalysis the 
migration of the halogen group is an intramolecular change, an idea partly based on the observation that the 
concentration of free bromine detected during the transformations could not account for the observed reaction 
rate. 

This view of the change as intramolecular would appear to involve the setting up of an intermediate position 
of considerable strain, if the process is envisaged as one of direct transfer, for the bromine atom attached to 
nitrogen is well separated from the p-position to which it ultimately migrates. With hydrochloric acid, 
N-bromoacetanilide forms bromine chloride (Orton and Jones, loc. cit., 1910), and it is conceivable that with other 
acids some reactive brominating agent may be formed as an intermediate. Two lines of enquiry have been 
pursued to test this possibility in the present work : (a) whether cross-bromination occurs when the transform- 
ation is carried out in the presence of another brominatable substance, and (b) the behaviour of N : 2: 4: 6- 
tetrabromoacetanilide (where self-bromination is impossible) when examined in the presence of a carboxylic 
acid. 

If the change is truly intramolecular, addition of added substances, such as anisole or phenetole, should not 
affect the nature of the end-product, p-bromoacetanilide, provided that there be no direct interaction between 
these substances:and N-bromoacetanilide. It was found that anisole and phenetole do not react appreciably 
with N-bromoacetanilide. Other anilides could be used in place of an ether, but the production of mixed 
N-bromo-derivatives formed by direct interchange of the bromine is difficult of detection, and additions of other 
anilides were not made. It was found that when anisole or phenetole was present, and acetic acid was added 
as catalyst, acetanilide could be isolated from the end-products in both cases (40—50% recovered), together 
with some p-bromoacetanilide. 

By using anisole, an ether fraction rich in bromine was separated from which, after hydrolysis and benzoyl- 
ation, p-bromophenyl benzoate was separated. Hence, in the presence of substances which are easily bromin- 
ated, cross-bromination occurs during the transformation, indicating the formation of an intermediate and 
free brominating agent. 

Experiments using’N : 2 : 4: 6-tetrabromoacetanilide showed that this substance was, as had been antici- 
pated, stable in the presence of acetic acid in chloroform solution, in the sense that its iodine titre after addition 
to acidified potassium iodide solution did not decrease appreciably. The substance was also stable to anisole 
and to phenetole in the absence of acetic acid. The mixture of N : 2: 4: 6-tetrabromoacetanilide and acetic 
acid brominated the above ethers, however, at a speed dependent on the acid concentration and independent 
of that of the ether and of its nature. This indicates that a brominating agent is produced from a bromo- 
amine when acid is added, which can brominate so rapidly that it is removed as fast as it is produced. The rate 
of fall of oxidising power of the solution is thus a measure of the rate of production of the brominating agent. 

Two possibilities as to the nature of this brominating agent have been considered. Hypobromous acid is 
known to be a very effective brominating agent (cf. its estimation; Biilman and Rimbert, Bull. Soc. chim., 1923, 
88, 1465) and might be produced by the reaction NPhBrAc + R-CO,H = NPh(CO-R)Ac + HOBr, followed 
by bromination, production of water, and hydrolysis of the diacyl derivative. Although this might explain 
the action of carboxylic acids, picric acid, which is a strong catalyst (Bell, 1934, Joc. cit.), should give an acety1 
derivative of a secondary amine which would not be hydrolysed : NPh{C,H,(NO,),)Ac. Nevertheless, only 
p-bromoacetanilide was isolated when picric acid was used as a catalyst. The brominating agent cannot, 
therefore, be hypobromous acid. 

An alternative view is that the bromine of the N-bromo-derivative forms with a carboxylic acid or a phenol, 
a bromous salt, analogous to the iodous salts (Masson and Argument, J., 1938, 1702): NPhBrAc + R-CO,H = 
NHPhAc + R-CO,Br, followed by R°CO,Br + NHPhAc —> C,H,Br-NHAc + R-CO,H, for the simple 
transformation in the absence of other easily brominatable substances. Bell and his co-workers found that the 
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order of general acid catalysis is greatest for the N-iodo- and least for the N-chloro-acylanilides. This order 
of general acid catalysis is paralleled by the increasing basicity of the halogens with increasing atomic number, 
and by the increasing ease of formation of halogen salts of the kind postulated for bromine in the above 
mechanism. 

EXPERIMENTAL. 


Preparation of Materials —N-Bromoacetanilide, prepared by the method of Slosson (Ber., 1895, 28, 3266), had a 
purity of 98% by titration with thiosulphate after addition to acidified potassium iodide. N :2: 4: 6-Tetrabromo. 
acetanilide was prepared by adding 6 g. of tribromoanilide to 20 c.c. of chloroform and 3 g. of bromine in 100 c.c. of 5% 
potassium bicarbonate at 0°, with good stirring. When solution was complete, the chloroform layer was separated, 
dried, and evaporated ina vacuum. Yellow prisms were obtained of purity 89—93-5% by titration. Recrystallisation 
from chloroform did not increase the purity but all samples gave the same reaction rates. Acetic acid was purified by 
Bradfield and Orton’s method (J., 1927, 983), giving an acid, m. p. 16-2°, stable to bromine. Chlorobenzene was dried 
over anhydrous potassium carbonate and fractionally distilled; b. p. 130-6° (uncorr.)/760 mm., }** 1-5271. Chloroform, 
treated as above for chlorobenzene, was neutral to bromothymol-blue; b. p. 61-7°/779 mm., j?° 1-4491. Anisole and 
phenetole were shaken with ferrous sulphate, dried, and distilled. 

Cross-bromination.—Three runs were carried out, of which the following is typical. 5-35 G. of N-bromoacetanilide 
were dissolved in chloroform, anisole or phenetole added (1 or 2 mols.), together with 50 c.c. of glacial acetic acid, and 
the solution made up to 500c.c. This was kept.at 25-0° in the dark until the reaction was complete (3—5 days). During 
this time the iodine titre of a similar mixture of N-bromoacetanilide and anisole or phenetole fell by less than 2%. This 
fall may be due to direct interaction of the phenolic ether and the N-bromoacetanilide. Cross-bromination may there- 
fore occur to the extent of 2% without its affording evidence that an intermediate and free brominating agent is produced 
when acid is present. 

The chloroform and acetic acid were then distilled off under diminished pressure, and the residue extracted with 
ligroin (b. p. 50—60°). This dissolves the ethers and precipitates the anilides. The latter were recrystallised, and 
45% of the N-bromoacetanilide was recovered as acetanilide (1-55 g.) and only 10% as p-bromoacetanilide (0-53 g,), 
The isolation of acetanilide as the main anilide shows that cross-bromination has occurred to the extent of over 40%, 
_ This percentage is probably greater, for in the absence of anisole or phenetole, 95% of the N-bromoacetanilide can be 

recovered as p-bromoacetanilide as against 10% when the phenolic ether is present. 

Anisole (1 mol.) being used as the added substance, the ligroin extract containing the phenolic ethers gave on distill- 
ation a fraction distilling at 190—-214° (Found, by Carius’s method: Br, 34-6%) (p-bromoanisole has b. p. 215°; Br, 42-75%). 
This distillate was hydrolysed with hydrochloric acid at 170—200° for 3 hours to convert the anisoles into phenols. 
The product was dissolved in sodium hydroxide, benzoylated, and p-bromophenyl benzoate separated; m. p. 102° 
{uncorr.) (Beilstein gives 104°). 

40—50% of acetanilide was separated in each case when phenolic ether was present, and this, together with the high 
percentage of bromine in the ethereal fraction from the ligroin extract, in which solvent anilides are insoluble, and the 
separation of a derivative of p-bromoanisole, is clear evidence of cross-bromination. 

Behaviour of N : 2: 4: 6-Tetrabromoacetanilide.—The stability of this substance to anisole in chlorobenzene solution 
in the absence of added acid is shown in the first table, and its stability in chlorobenzene solution in the presence of acetic 
acid is shown in the second table. 


[Anisole] = 0-5m; [-NBr] = 0-025m; temp. = 25-0°, 
7 27 47 70 113 
UTR C0: CBD Glg didn ccesedwnecte tacees- OS 9-68 9-65 9-62 9-60 


[Acetic acid] = 1-67m; [-NBr] = 0-025m; temp. = 25-0°. 
es TUN as cotdcdccdcic otabssdbsnce tebcdiseddctoue dia daian” OO 20 52 210 
Titre, C.c. Of NagSyOg  neccccccccccccccccccccscsccevcceccscee 9°55 9-52 9-52 9-46 
In the presence of both anisole and acetic acid, the titre of the solution fell, and crystals of tribromoacetanilide 


separated, thus affording additional evidence of cross-bromination. The rate of fall of titre conforms to that of a uni- 
molecular reaction and a typical experiment is given in Table I. Table II summarises the results obtained. 


TaBLeE I. 
[Acetic acid] = 1-67m; [Phenetole] = 0-lm; [-NBr] = 0-025m. 
RN. sa chodccbutes<banksnasnupie tenes Oe, 5 10 34 
Titre, c.c. Of NagS,O0, — .......ccccccccccoeee? O31 9-11 8-90 7-97 
Wk EAP: casssnphn cen ncesaustasssqcncqrepeaneane \: = 4-32 4-59 4-57 
Mean k, = 4:50 x 10%. 


" Tasrz II, 


’ Acetic Mean values of Acetic Mean values of 
Phenolic ether. acid. Rk, X 10°. Phenolic ether. acid. k, X 10°. 
Anisole, 0-5M ..........ceee0e08 167M 4-40, 4-51, 4-28 Phenetole, 0-2m..............+ 1-67M 4-35, 4°43 
Anisole, 0-1M  ...........0-0000. 167M 4-42, 4-45, 4-26 Phenetole, 0-1m . 4-59, 4-50 
Anisole, 0-O5M = ..........000.. 167M 4:35 p-Tolyl methyl ether, 0-2m . 4-37, 4-28 
Anmisole, 0°2M ..ccccccccceccecee 1°67M 4-11, 4-28 p-Tolyl methyl ether, 0-1m . 4-54, 4-62 
Anisole, 0-2M ...........00.06. O-835m 2°33, 2-26 


p-Tolyl methyl ether at 0-2m concentration showed a 4-1% fall in titre with the bromo-amine in the absence of acid in 
the course of 1 hour, and the titres in the acid-catalysed reaction have been corrected for this spontaneous reaction. An 
increase in the concentration of anisole from 0-05m to 0-5m does not affect the speed appreciably, nor does the substitution 
of anisole by phenetole or p-tolyl methyl ether. Decrease of the acid concentration from 1-67 to half this value reduces 
hk, to approximately half its previous value. The values of k, recorded thus have reference to the rate at which a bromin- 
ating agent, considered to be bromous acetate, is produced from N : 2: 4: 6-tetrabromoacetanilide and acetic acid. 


UNIVERSITY oF OTaGo, DuNEDIN, NEW ZEALAND. [Received, April 17th, 1945.] 








[1945] Dupré and Robinson: N-Substituted 5-Aminoacridines. 


144. N-Substituted 5-Aminoacridines. 
By D. J. Dupré and F. A. Rosinson. 
Twenty derivatives of 5-aminoacridine, substituted only in the amino-group, have been prepared by reaction 


of the appropriate amine with 5-chloroacridine, or of the amine hydrochloride with 5-phenoxyacridine. In 
their bacteriostatic and toxic properties, these compounds are not superior to 5-aminoacridine. 


SrcoNDARY and tertiary derivatives of 5-aminoacridine, containing aliphatic and aromatic substituents 

NR.R in the amino-group, have been prepared in order to determine the effect of such sub- 
ww IX stituents on their bacteriostatic and toxic properties. These compounds have the 
Y/N 


Y | J (I.) general structure (I), where R, is methyl, ethyl, propyl, isopropyl, butyl, isobutyl, isoamyl, 
\/\4VF phenyl, o-, m-, or p-tolyl, o- or p-anisyl, o-phenetyl, $-hydroxyethyl, carboxymethyl, 

N $-diethylaminoethyl or y-diethylamino-n-propyl, and R, is hydrogen, or where both 
R, and R, are methyl or ethyl. 

Of these compounds, four have been described by Albert and his co-workers since the present research 
was undertaken, namely, 5-methyl-, 5-dimethyl-, 5-phenyl- (Albert and Ritchie, J., 1943, 458), and 5-n-butyl- 
aminoacridine (Albert, Goldacre, and Heymann, ibid., p. 651). Two others—5-ethyl- and 5-$-hydroxyethyl- 
aminoacridine—are described in a series of patents granted in the years 1922 and 1923 (D.R.-PP. 360,421, 
364,031, 364,032, 364,034, 367,084; B.PP. 176,038, 199,870; Swiss Pat. 94,950). These patents are the first 
publications dealing with compounds of this type, and describe the preparation of numerous aminoacridines— 
usually containing other nuclear substituents—by the interaction of 5-halogeno-, 5-alkoxy-, or 5-aryloxy- 
acridines with amines or their salts: The yields obtained are not reported, and no detailed account is given of 
their bacteriological properties, though they are stated to be of value as antimalarials. Eisleb (Med. und 
Chem., 1936, 8, 41; Chem. Zentr., 1937, I, 604; Chem. Abs., 1937, 31, 5802) describes the preparation and phar- 
macological properties of over 200 acridines substituted in the 5-position but, since the original paper is not 
available and the abstracts do not contain an exhaustive list of the compounds prepared, it is uncertain whether 
the compounds now described are included in the earlier publication. 

Several simple alkylaminoacridines not included in the present series have been described. These are 
5-cyclohexyl-, 5-heptyl, 5-dodecyl-,and 5-hexadecyl-aminoacridines, prepared by Albert, Goldacre, and Heymann 
(loc. cit.), 5-piperidinoacridine, described by Mietzsch and ‘Mauss (U.S.P., 2,092,131/1937), and 5-8-diethyl- 
aminoethyl-ethylaminoacridine, described in D.R.-P. 488,890/1930 (to I.G.-Farbenind.). In addition, there is 
an extensive literature dealing with related compounds containing a variety of other nuclear substituents 
(e.g., Ishihara, J. Chem. Soc. Japan, 1934, 55, 458; Drozdov, J. Gen. Chem. U.S.S.R., 1936, 6, 1641; Goodall 
and Kermack, J., 1936, 1546; Dhar, Narang, and Ray, J., 1938, 304). 

In the present work, the 5-aminoacridine derivatives were prepared by reaction of the appropriate amine 
or its hydrochloride, usually in phenolic solution, with 5-chloro- or 5-phenoxy-acridine (cf. Drozdov, loc. cit.). 
It was found most satisfactory to use either the free base with chloroacridine or the amine hydrochloride with 
phenoxyacridine; other combinations of the reactants gave poor yields. The former method was used prin- 
cipally with the less volatile bases, the reaction being carried out in an open vessel, but it was also found neces- 
sary to prepare 5-diethylaminoacridine by this route, using a sealed tube. In general, the monohydrochloride 
of the new base was obtained when the reaction product was poured into ether. In the preparation of the 
diethylaminoalkylaminoacridines, however, of which the monohydrochlorides do not appear to exist, this 
procedure led to precipitation of half the base as dihydrochloride. 

In the aliphatic series, the hydrochlorides are readily soluble in water (0-5 to >20%), though the Aydro- 
chloride of 5-carboxymethylaminoacridine is hydrolysed to the free base too rapidly for the solubility to be 
estimated. The aromatic compounds are less soluble in water4ca. 0-1%), but dissolve more readily in alcohol. 
| With the exception of 5-carboxymethylaminoacridine, for which no significant determination could be made, all 
the hydrochlorides gave pH values in 0-1% aqueous solution within the range 5-5—6-5. The dialkylamino- 
compounds undergo considerable hydrolysis at room temperature to acridone, and all are hydrolysed with more 
or less rapidity on heating. 

The bacteriostatic properties of aqueous solutions of the hydrochlorides of 18 of these compounds have been 
investigated by Dr. J. Ungar, and their toxicities to mice by Mr. M. R. A. Chance, both of these laboratories. In 
no instance were the new compounds superior to 5-aminoacridine. 5-§8-Hydroxyethylaminoacridine was not 
investigated, since it was prepared at a late stage in the investigation, in the hope that the free base might be 
appreciably water-soluble; this expectation was not realised. 5-Carboxymethylaminoacridine could not be 
investigated, since the free base is insoluble in water, and its hydrochloride and sodium salt, both of which were 
Mepared in anhydrous conditions, are unstable in the presence of water. 


EXPERIMENTAL. 

(All m. p.’s are uncorrected.) 

Method I. Interaction of 5-Phenoxyacridine and Amine Hydrochloride.—5-Phenoxyacridine was prepared by a modi- 
fication of the method of Goodall and Kermack (Joc. cit.). Sodium hydroxide (7-2 g.) was dissolved in phenol (120 g.). 
at 100°, and 5-chloroacridine (28 g.) added with stirring. The solution was kept at 100° for 1} hours, then poured into 
2n-sodium hydroxide solution (1 1.), stirred, and set aside beep 64 The precipitated material was filtered off, washed 
with water, powdered, and dried. The resultant 5-phenoxyacridine (35 g.) had m. p. 127—128°, unchanged by cryStal- 
lisation from benzene. Drozdov and Cherntzov (J. Gen. Chem. U.S.S.R., 1935, 5, 1576) record m. p. 125—126°. 

PF 
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(a) 5-Monoalkylaminoacridines. 5-Phenoxyacridine (6-3 g.) was dissolved in phenol (20 g.) at 80° in an open vessel, 
and an equimolecular quantity of the appropriate amine hydrochloride added. The temperature Was raised to 120° 
and heating continued for one’ hour. On cooling, the mixture was poured into ether, giving a crude hydrochloride 
slightly contaminated with phenol. This was filtered off, dissolved in hot methyl alcohol, and precipitated with ether. 
Fairly pure hydrochloride was then obtained in good yield. (The recorded yields of individual hydrochlorides refer ty 

. material obtained at this stage.) Further purification, when necessary, was effected by recrystallisation from methy| 
alcohol or methyl alcohol-ether. The base was liberated by treatment of an aqueous solution of the hydrochloride 
with dilute ammonia, followed by crystallisation from benzene, light petroleum, or a mixture of the two. 

5-Methylaminoacridine hydrochloride was obtained in 87% yield, m. p. ca. 300°; crystallisation from methyl alcoho! 
gave yellow needles, m. p. 302—303° (decomp.) (Found: Cl, 14-8. C,,H,,N,Cl requires Cl, 14-5%). The base, crystal. 
lised from benzene, had m. p. 170—171° (Found: C, 80-7; H, 5-8; N 13-7. Calc. for C,,H,,N,: C, 80-7; H, 5-8; N, 
13-56%). Albert and Ritchie (loc. cit.) record 173—174° (sealed tube). 

5-Ethylaminoacridine hydrochloride (crude yield 89%) was obtained as a yellow, microcrystalline powder, m. p, 
283—284° (decomp.) in 76% yield on crystallisation from methyl alcohol-ether (Found: Cl, 13-2. C,,;H,,N,Cl requires 
Cl, 13-7%). The free base crystallised from benzene as yellow needles, m. p. 126° (Found: C, 81-0; H, 6-3; 'N, 12-9, 
Calc. for C,;H,,N,: C, 81-1; H, 6-35; N, 12-6%). D.R.-P. 364,032 gives m. p. 129°. 

5-isoPropylaminoacridine hydrochloride, crude m. p. 295° (82% yield), gave the pure compound as yellow prisms, 
m. p. 306° (decomp.), on crystallisation from methyl alcohol—-ether (Found: Cl, 13-0. C,,H,,N,Cl requires Cl, 13-0%). 
The free base crystallised from benzene-light petroleum as large yellow prisms or flat plates, m. p. 119° (Found: ¢ 
81-3; H, 6-8; N, 12-0. C,,H,,N, requires C, 81-3; H, 6-8; N, 11-9%). 

5-n-Propylaminoacridine hydrochloride, crude m. p. 247—248° (78% yield), gave the pure compound, m. p. 249’ 
(decomp.), on crystallisation from methyl alcohol (Found: Cl, 13-7). The free base did not solidify spontaneously, 
but was obtained as a yellow solid, m. p. 98—99°, by extraction of the oil with ether, evaporation of the dried extract, 
and refrigeration of the residue; large yellow prisms, m. p. 99°, were obtained from benzene-light petroleum (Found: 
C, 81-1; H, 7-1; N, 11-6%). 

5-isoButylaminoacridine hydrochloride, crude m. p. 266—268° (80% yield), on crystallisation from methyl alcohol 
gave the pure compound, m. p. 269—271°, in 71% yield (Found: Cl, 12-3. C,,H,,N,Cl requires Cl, 12-4%). The bas 
crystallised from benzene-light petroleum as small, yellow prisms, m. p. 144—145° (Found: C, 81-1; H, 7:2; N, 11-46. 
C,,H,,N, requires C, 81-6; H, 7-25; N, 11-2%). 5-n-Butylaminoacridine hydrochloride, crude m. p. 189° (79% yield), 
raised to 190° by recrystallisation from methyl alcohol-ether (Found: Cl 12-4%). Albert, Goldacre, and Heyman 
(loc. cit.) record a lower yield of this compound, m. p. 189—190°, by reaction of 5-chloroacridine with n-butylamine. 
The free base crystallised from. benzene as yellow cubes, m. p. 104—104-5° (Found : C, 81-8; H, 7-25; N,10-9%). Albert, 
Goldacre, and Heymann record m. p. 100—102°. 

(b) 5-Dimethylaminoacridine. The reaction conditions were modified in that special precautions were taken to dry 
the reactants; and the reaction time was increased to 9 hours. Direct purification of the hydrochloride obtained on 
pouring the reaction mixture into ether was not attempted owing to its ready hydrolysis; instead, it was dissolved in 
water, filtered from insoluble material, and treated with dilute ammonia. The liberated base was extracted with light 
petroleum (b. p. 40—60°), the extract yielding a syrup from which 5-dimethylaminoacridine was obtained as orange 
crystals, m. p. 59—61° (46% yield). Crystallisation from light petroleum gave very large, orange-yellow prisms, m. p. 
61—61-5° (Found: C, 80-4; H, 6-4; N, 12-6. C,,H,,N, requires C, 81-1; H, 6-35; N, 12-6%). Albert and Ritchie 
(Joc. cit.) do not record the properties of the base, which they did not obtain crystalline. The hydrochloride, obtained by 
treatment of an ethereal solution of the base with an equivalent of alcoholic hydrogen chloride, crystallised from absolute 
alcohol as fibrous needles, m. p. 267—-268° (decomp.) (Found: Cl, 14-2. Calc. for C,,;H,;N,Cl: Cl, 13-7%). Albert 
and Ritchie record m. p. ca. 275° (decomp.). 

Method II. Interaction of 5-Chloroacridine and Amine.—(a) 5-Arylaminoacridines. 5-Chloroacridine (5 g.) in phenol 
(20 g.) was heated with an equimolecular quantity of the appropriate free base for one hour at 120°. The crude material 
obtained by pouring the mixture into ether gave the required hydrochloride in 80—90% yield on crystallisation from 
ethyl or methyl alcohol-ether. A small rise in m. p. was generally produced by further crystallisation from alcohol 
alone or, with better recovery, alcohol—acetone. The recorded m. p.’s were obtained after preheating to ca. 200°. 

The free bases were best obtained by treatment of a hot alcoholic solution of the hydrochloride with concentrated 
aqueous ammonia. The base was dissolved by heating the solution to boiling, and sufficient water was then added to 
cause crystallisation of the base on cooling. Purification was effected by crystallisation from aqueous alcohol. 

5-Phenylaminoacridine hydrochloride was obtained as yellow prisms, m. p. 305—307° (decomp.) (Found: Cl, 11-9. 
C,,H,,;N,Cl requires Cl, 11-6%). The free base had m. p. 224°, in agreement with Albert and Ritchie’s m. p. (/oc. cit.) 
(Found: C, 83-9; H, 5-4; N, 11-0. Calc. for C,,H,,N,: C, 84-3; H, 5-2; N, 10-4%). . 

5-0-Tolylaminoacridine hydrochloride was obtained as a yellow microcrystalline powder, m. p. 292—293° (Found: 
Cl, 11-2. Cy 9H,,N,Cl requires Cl, 11:1%). The free base, m. p. 170°, formed small, orange needles (Found: C, 846; 
H, 5-7; N, 9-9. CyoH,,N, requires C, 84-5; H, 5-7; N, 99%). 5-m-Tolylaminoacridine hydrochloride, m. p. 287°, 
crystallised as orange prisms (Found : Cl; 10-9. Cy9H,,N,Cl requires Cl, 11-1%). The free base crystallised from aqueous 
alcohol as orange-yellow platelets containing solvent of crystallisation and melting, when heated slowly, at 157°. When 
the solvent was removed by gentle heating in a vacuum, the colour changed to orange-red, the m. p. remaining at 157°. 
An orange-red form of slightly lower m. p. was obtained on crystallisation from benzene-light petroleum (Found: C, 
83-8; H, 5-9; N,9-9%). 5-p-Tolylaminoacridine hydrochloride, m. p. 285—287°, formed yellow fibrous needles (Found: 
Cl, 11:2%). The free base crystallised as orange-yellow, monoclinic prisms, m. p. 174° (Found: C, 84:5; H, 5-65; N, 
9-6%). » 

Fei ataiahanniiies hydrochloride, m. p. 272—274°, formed orange-yellow, fibrous needles (Found: C1, 11-2. 
CoH ,,ON,Cl requires Cl, 10-5%). The base, m. p. 169—170°, crystallised as orange-yellow platelets (Found: C, 80:1; 
H, 5-4; N,9-3. CyoH,,ON, nates C, 80-0; H, 5-4; N, 9:3%). " 5-p-Anisylaminoacridine hydrochloride, m. p. 274°, was 
obtained as orange-red prisms (Found : Cl, 10-1%), and the base, m. p.. 151°, as a voluminous mass of small orange crystals 
(Found: C, 80-2; H, 5-5; N, 9-4%). 

5-0-Phenetylaminoacridine hydrochloride, m. p. 255—256°, crystallised as very large, red prisms (Found : Cl, 10-2. 
C,,H,,gON,Cl requires Cl, 10-1%), and the base, m. p. 143°, as yellow needles (Found : C, 80-3; H, 6-3; N, 8-8. C,,H,,O%: 
requires C, 80-2; H, 5-8; N, 8-9%). 

5-Diethylaminoalkylaminoacridines. (i) B-Diethylaminoethylamine, prepared. by the method of Magidson and 
Grigorowsky (Ber., 1936, 69, 396), and 5-chloroacridine were treated as described for the aromatic series, except that 4 

“reflux condenser was provided. When the product was poured into ether, the dihydrochloride separated. This was 
filtered off, dissolved in absolute alcohol, and precipitated with absolute ether, giving the crude dihydrochloride, ™. P. 
244° (49% yield). Doubtless, treatment of the ethereal filtrate with hydrogen chloride would have yielded additional 
material, as occurred with y-diethylaminopropylaminoacridine (see below). The pure 5-(8-diethylaminoethylamino)- 
acridine dihydrochloride crystallised from alcohol as yellow prisms, m. p. 249° (Found: Cl, 19-8. C,,H,,N,Cl, requires 
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Cl, 19-9%). The base separated as an oil, which was extracted with light petroleum. The residue left on evaporation 
of the solvent solidified on prolonged refrigeration, yielding, on crystallisation from light petroleum, the pure base, m. p. 
76—76-5°, as yellow prisms (Found: C, 77-9; H, 8-0; N, 13-7. C,)H,,N, requires C, 77-8; H, 7-9; N, 14-3%). 

(ii) y-Diethylamino-n-propylamine was prepared as above, trimethylene bromide being used in place of ethylene 
dibromide, and the reaction with chloro-acridine was carried out as before. The product obtained on pouring into 
ether was contaminated with diethylaminopropylamine hydrochloride, and was purified by conversion into base, 
evaporation in a vacuum, and reconversion into hydrochloride. Fairly pure salt, m. p. 226—228°, was obtained in 30% 
yield by crystallisation of the product from alcohol-acetone. A further quantity (18% yield) of similar purity was 
obtained by addition of alcoholic hydrogen chloride to the ethereal filtrate, and similar crystallisation of the precipitate. 
Further recrystallisation from alcohol—acetone gave pure 5-(y-diethylamino-n-propylamino)acridine dihydrochloride as 
fine yellow needles, m. p. 232° (decomp.) after preheating to 210°; this was apparently a monohydrate, though no 
water was lost on heating at ‘180° in a vacuum (Found: C, 60-6; H, 7-3; N, 10-8; Cl, 17-9. C,.H,,N,Cl,,H,O 
requires C, 60-3; H, 7-3; N, 10-5; Cl, 17-8%). The base could not be obtained crystalline, but a dipicrate, prepared 
in hot alcoholic solution, crystallised from acetone as orange-yellow platelets, m. p. 198—199° (Found: C, 50-0; 
H, 4:0; N, 16-7. C,,H,,0,,N, requires C, 50-2; H, 4-1; N, 165%). 

(c) Miscellaneous 5-Aminoacridines.—5-B-Hydroxyethylaminoacridine. The preparation was carried out as described 
for the aromatic series, except that the base was prepared from a hot aqueous solution of the hydrochloride. The hydro- 
chloride was obtained in 80% yield, m. p. 245° (decomp.), giving voluminous yellow crystals of the same m. p. on re- 
crystallisation from methyl alcohol. The base crystallised from ethyl alcohol as yellow needles, m. p. 205—206°. 
D.R.-P. 360,421 gives m. p. 206°. 

5-isoAmylaminoacridine. 5-Chloroacridine (6 g.) and isoamylamine (2-5 g.) were heated under reflux (external temp. 
125°) for 2 hours in amy] alcohol (35 c.c.). The product was cooled, poured into ether, and worked up in the usual way. 
The hydrochloride, obtained in 79% yield, m. p. 185—186°, crystallised from alcohol as a yellow, microcrystalline powder, 
m. p. 188—189° (Found: Cl, 12-4. C,,H,,N,Cl requires Cl, 12-1%). The base crystallised from benzene-light petro- 
leum as yellow prisms, m. p. 118—118-5° (Found: C, 81:7; H, 7-5; N, 11-0. C,,H, N, requires C, 81-8; H, 7-6; N, 
10-6%). ‘ 

5-Diethylaminoacridine. 5-Chloroacridine (5 g.) and dry diethylamine (8 c.c.) were dissolved in dry phenol (20 g.) 
and heated for 15 hours at 120° in a sealed tube. A mixture of diethylaminoacridine and diethylamine hydrochlorides 
was obtained by pouring the homogeneous liquid product into ether and precipitation with gaseous hydrogen chloride. 
The produet was converted into the base and extracted with light petroleum, the dried extract yielding on evaporation 
a viscous oil, from which the remaining diethylamine was removed in a vacuum. The residue was treated in ethereal 
solution with hydrogen chloride, giving crude diethylaminoacridine hydrochloride, m. p. 176—178° (3-5 g.; 52% yield). 
Further purification, best effected through the base, yielded the hydrochloride as orange needles, m. p. 185—186° (Found : 
Cl, 12-6. C,;H,,N,Cl requires Cl, 12-4%). The free base, prepared from the pure hydrochloride, crystallised from light 
petroleum (b. p. 40—60°) as very large, orange-yellow prisms, m. p. 62—62-5° (Found: C, 81-8; H, 7-3; N, 11-2. 
C,,H,,N, requires C, 81-6; H, 7-3; N, 11-2%). 

5-Carboxymethylaminoacridine. Glycine (2 g.) was added to a solution of 5-chloroacridine (5 g.) in phenol (20 g.), 
and the suspension stirred at 120—125° (bath temp.) for 2 hours. The product obtained by pouring into ether was not 
soluble in water. It was triturated with dilute ammonia until free from chloride, then washed with alcohol, giving 
fairly pure carboxymethylaminoacridine as a yellow solid, m. p. 236—238° (decomp.; efferv.), in 65% yield. It is in- 
soluble in water and in the ordinary organic solvents, including pyridine. It dissolves in 400 parts of hot glacial acetic 
acid, but the substance separating in almost qe yield on cooling is the acetate (Found: C, 65-3; H, 6-2; N, 9-2. 
C,;H,,0,N,,C,H,O, requires C, 65-4; H, 5-2; N, 9-0%);. this melts at 240° (efferv.), presumably after loss of acetic 
acid. 

The sodium salt was prepared by trituration of carboxymethylaminoacridine with an equivalent of sodium hydroxide 
in absolute alcohol. Addition of ether led to slow crystallisation of the salt, which had no definite m. p. (Found: N, 
98; Na, 8-0. C,,H,,0O,N,Na requires N, 10-2; Na, 8-4%). It is readily soluble in water, but rapid hydrolysis occurs, 
leading to almost immediate quantitative deposition of the free base. This fact was utilised to prepare a specimen of 
the base (Found: C, 70-7; H, 4-9; N, 11-4. C,,H,,0,N, requires C, 71-4; H, 4-8; N, 11:1%). Pure hydrochloride 
was obtained by dissolving the pure base or its acetate in alcoholic hydrogen chloride, followed by precipitation with 
ether (Found: N, 9-2; Cl, 11-6. C,;H,,;0,N,Cl requires N, 9-7; Cl, 123%). Heated rapidly, this compound melted 
with effervescence at.196° after some sintering at 190°. Slow heating raised the m. p. to 220°, presumably owing to loss 
of hydrogen chloride. The hydrochloride is readily soluble in water, but the solution is unstable, separation of the base 
being perceptible in 2 hours and almost complete in 15 hours. 


Microanalyses were by Drs. G. Weiler and F. B. Strauss, of Oxford, and by Miss H. King, of these Laboratories. 
The authors thank Dr. B. A. Hems and Dr. Jean Barnett for their help. 
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145. Photochemical Reactions in Sunlight. Part X. (a) Reaction of Ethylenes with 
Phenanthraquinone and with Benzil. (b) A New Type of Photochemical Equilibrium. 
By ALEXANDER SCHONBERG and AHMED MusTAFA. 


(a) The reactions of phenanthraquinone with pp’-dimethoxystilbene, aa-diphenyl-A*-propylene, a-stilbazole, 
and £-chlorostilbene, and of benzil with aa-diphenylethylene and stilbene are described (schemes A and B). 

(b) The reversible photochemical reaction between xanthen and thioxanthone to yield (IV) is a new type of 
photochemical equilibrium (C). On pyrolysis, thioxanthone and xanthen are obtained from 9-xanthylthioxanth- 
hydrol (IV), and xanthone and xanthen from 9-hydroxydixanthyl. aaff-Tetraphenylethyl alcohol is more 
thermostable than (IV) or 9-hydroxydixanthyl. 


(a) Reaction of Ethylenes with Phenanthraquinone and with Benzil—Recently, we have shown (J., 1944, 387) 
that phenanthraquinone reacts with unsaturated compounds to form derivatives of phenanthro-1 : 4-dioxan (I; 
R= R’=H) (A). This reaction was carried out with stryene, stilbene, «a-diphenylethylene, and triphenyl- 
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ethylene. We have now performed the same reaction with pp’-dimethoxystilbene, a«-diphenyl-A*-propylene, 
and «a-stilbazole, CHPh:CH-C;H,N. The products are colourless or nearly so, and decompose at high temper- 
atures with formation of phenanthraquinone and the corresponding ethylene. 


sunlight , 0 
(A) CHRICHR’ + C,,H,O, ——> C,H, roo C.Hy “fpn 
0” OY 
(I.) (I1.) 


When phenanthraquinone was treated with 8-chlorostilbene a mixture was first obtained, but on prolonged 
exposure, 2 : 3-diphenylphenanthro-9’ : 10’-1 : 4-dioxen (II) was obtained, hydrogen chloride being evolved. 
It is believed that an intermediate addition product analogous to (I) was formed. 


, ag 


sunlight Ph R” 
(B) CHR:CR’R” + COPh:COPh ———> Ph —H (IIT.) 


Benzil reacts with ethylenes similarly to phenanthraquinone, but more slowly (B). The reaction products 
obtained from benzil and stilbene, and from benzil and a«-diphenylethylene yielded benzil on pyrolysis, stilbene 
being isolated in addition from the former pyrolysis. Both photo-products, on prolonged action with concen- 
trated sulphuric acid, gave benzil. 


Parallel to the photo-experiments here described, control experiments in the dark were carried out, but 
showed lack of reaction in all cases. 

(b) A New Type of Photochemical Equilibrium.—We recently showed (J., 1944, 67) that xanthen reacts 
.in sunlight with aromatic ketones, e.g., xanthone or benzophenone, in accordance with the scheme: 


nligh 
COR, + CH,R’, panna. 7 CR,(OH)-CHR’,, but no indication was found that the reaction was reversible. When 


the yellow thioxanthone was allowed to react with xanthen, both dissolved in benzene, the reaction product 
(IV) was formed in small yield, and attempts to increase the yield by prolonged illumination were unsuccessful. 
This failure is due to a photo-equilibrium reaction (C). 


oH, Sai sunlight eo ! | C,H, 
Cc O + H.C so < 5 areg Ye. IV. 
i iy ss C,H, Hig on Sy wiht 


sunlight 


When 9-xanthylthioxanthhydrol (IV) was suspended in benzene and exposed to sunlight, it partly dis- 
solved, and xanthen and thioxanthone were isolated from the solution; moreover, (IV) was stable in the dark. 

It is believed that the first step in the photo-dissociation of the carbinol is the formation of two free radicals 
(see broken line) which are stabilised by disproportionation. The fact that (IV) is colourless, whereas thio- 
xanthone is yellow is in agreement with the constitution shown above. At 270°, (IV) decomposes into its 
generators, showing that the ethane linkage in the carbinolis weak. In this respect (IV) is similar to 9-hydroxy- 
dixanthyl (IV; but with O instead of S) which, on pyrolysis, yields xanthone and xanthen, in contrast to 
aaf8-tetraphenylethyl alcohol, which is much more thermostable. 


EXPERIMENTAL. 


The benzene was thiophen-free and dried over sodium. The photochemical reactions were carried out in a Pyrex- 
glass tube, the air having been displaced by dry carbon dioxide, and the tube sealed. 

(a) Photo-reaction between Phenanthraquinone and pp’-Dimethoxystilbene.—Phenanthraquinone (1 g.) and pp’-di- 
methoxystilbene (Elbs, J. pr. Chem., 1893, 47, 68) (1-1 g.) in benzene (50 c.c.) were exposed to sunlight for 17 days (Novem- 
ber), the phenanthraquinone gradually dissolving completely. The benzene was evaporated off in a vacuum, and the 
residual dark oil extracted with ether. The solvent was evaporated, and the oily residue was washed with light 
petroleum (b. p. 90—100°), followed by hot absolute ethyl alcohol, and finally extracted with hot light petroleum (b. p. 90— 
100°). The extract, on slow evaporation in a vacuum, gave almost colourless crystals, which recrystallised from light 
petroleum (b. p: 100—150°) in colourless crystals, m. p. 194° (orange melt) (Found: C, 80-3; H, 5-6. C3 9H,,O, requires 
C, 80-3; H, 53%). 2: 3-Dianisylphenanthro-9 : 10’-1: 4-dioxan (I; R= R’ = p-C,H,-OMe) when treated with 
sulphuric acid gave a green and then a violet colour; it was soluble in hot absolute ethyl alcohol. 

Therntal decomposition. The foregoing product was heated at about 270° (bath temp.) in a stream of dry carbon 
dioxide (the.height of the decomposition tube being about 25 cm.) during } hr.; red-brown fumes were evolved, and an 
orange liquid collected on the walls of the tube. After 24 hours, this solidified to a mixture of orange and almost colourless 
crystals; extraction with hot light petroleum (b. p. 90—100°) left a residue of phenanthraquinone (identified, after 
recrystallisation from alcohol, by m. p., mixed m. p., and colour reaction with sulphuric acid). The extract was 
concentrated, and the resulting crystals, recrystallised from ethyl alcohol, proved to be pp’-dimethoxystilbene: 

Photo-reaction between Phenanthraquinone and pepe po el, 2d. promee  unee grnog (1 g.) and the propy!- 
ene (Klages, Ber., 1902, 35, 2647) (2-4 g.) in 25 c.c.-of benzene were exposed to sunlight for 11 days (January), the 
phenanthraquinone dissolving as before and the orange colour fading to pale yellow. The crystals that separated were 
filtered off, washed with light petroleum (b. p. 30—50°), and recrystallised from xylene, forming colourless crystals, m. p. 
233° (decomp.; orange melt) (Found: C, 86-1; H, 5-7. Cy9H,,0, requires rf 86-5; H, 55%). 3: 3-Diphenyi-2- 
methylphenanthro-9’ : 10’-1 : 4-dioxan gave no colour with sulphuric acid at room temperature, but a brown colou: at 
100°; when heated as described above, it yielded its generators, which were separated by means of hot light petroleum 
(b. p. 30—50°), in which the hydrocarbon is soluble. 

Photo-reaction between Phenanthraquinone and a-Stilbazole——Phenanthraquinone (1 g.) and a-stilbazole (Shaw and 
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Wagstaff, J., 1933, 77) (0-9 g.) in benzene (50 c.c.) were exposed to sunlight for 24 days (April—May), a dark brown 
solution resulting. The benzene was removed in a vacuum, and the crystalline residue washed with cold absolute ethyl 
alcohol, followed by acetone, and recrystallised from xylene, forming almost colourless crystals, m. p. 236—237° (red melt) 
(Found: C, 83-2; H, 5-2. C,,H,,O,N requires C, 83-3; H, 49%). 2-Pyridino-3-phenylphenanthro-9 : 10’-1 : 4- 
dioxan (1; R’ = a-CsH,N; R = Ph) did not react with sulphuric acid; it was difficultly soluble in ether, acetone, and 
ethyl alcohol, but soluble in hot benzene or xylene. When heated as in the preceding cases, it yielded its generators, 
separated by means of hot light petroleum (b. p. 30—50°). 

Photo-reaction between Phenanthraquinone and B-Chlorostilbene—Phenanthraquinone (1 g.) and §-chlorostilbene 
(Sudborough, J., 1897, 71, 220) (1-2 g.) in benzene (50 c.c.) were exposed to sunlight for 6 months (May—November) ; 
the phenanthraquinone had then dissolved, and the resulting crystals were filtered off and washed with light petroleum 
(b. p. 50—70°) and then repeatedly with cold acetone. The product crystallised from nitrobenzene in colourless needles 
with 1 mol. of solvent of crystallisation; m. p. above 320° (Found: C, 80-2; H, 4-5; N, 2-4. C,,H,,0,,C,H,;O,N 
requires C, 80-1; H, 4:5; N, 2-75%). 2: 3-Diphenylphenanthro-1 : 4-dioxan (IJ; R = R’ = Ph) gave no colour with 
sulphuric acid at room temperature, but an olive-brown colour at 100°; it was difficultly soluble in benzene, light petroleum 
(b. p. 90—100°), acetone, and xylene. The formation of hydrogen chloride during the insolation was confirmed. 

Photo-reaction between Benzil and aa-Diphenylethylene.—Benzil (1 g.) and aa-diphenylethylene (freshly distilled) 
(1-5 g.) in benzene (50 c.c.) were exposed to sunlight for 8 months (April—November), the solution becoming brownish- 
yellow. The benzene was expelled in a vacuum, and the oily residue crystallised on standing. This was washed success- 
ively with hot light petroleum (b. p. 30—50°), light petroleum (b. p. 50—70°), and with a small amount of hot absolute 
ethyl alcohol. The dried residue crystallised from hot light petroleum (b. p. 90—100°) in almost colourless crystals, 
m. p. 160° (yellow melt), giving a deep red coloration with sulphuric acid. 3:3: 5: 6-Tetraphenyl-1 : 4-dioxan (III; 
R’ = R” = Ph, R = H) (Found: C, 85-9; H, 5-7. C,,H,,O, requires C, 86-1; H, 5-6%) is soluble in cold benzene, 
difficultly in cold ethyl alcohol and light petrolem (b. p. 30—50°). 

Thermal decomposition. This was carried out as described above, and after 10 mins. drops of a yellow oil had collected 
on the walls of the tube. After 2 hours these solidified and were identified as benzil. 

Action of sulphuric acid. 0-2 G. of the photo-product was treated with concentrated sulphuric acid (2 c.c.) at room 
temperature and set aside overnight, the solid dissolving. The solution was poured on ice, filtered, the filtrate neutralised 
with sodium carbonate, and extracted with ether, benzil being obtained. 

Photo-reaction between Benzil and Stilbene.—Benzil (4 g.) and stlbene (3-6 g.) in benzene (50 c.c.) were exposed to sun- 
light for 5 months (July—December), both dissolving and being replaced by other crystals; these were filtered off, 
and recrystallised from benzene in almost colourless crystals of tetraphenyldioxen (III; R= R’ = Ph; R” = H), 
m. p. 246° (yellow melt) (Found: C, 86-1; H, 5-8. Calc. for C,,H,,O,: C, 86-1; H, 56%). The original mother- 
liquor afforded a further yield of this product. Tetraphenyldioxen is difficultly soluble in ethyl alcohol and cold benzene 
and soluble in hot benzene and xylene. 

The photo-product gave no coloration with sulphuric acid at room temperature, but a dark brown solution was 
obtained on heating, as noted by Madelung and Oberwegner (Annalen, 1936, 526, 246; 1931, 490, 235), who gave m. p. 
245—247°. Prolonged action of sulphuric acid (as described above) afforded benzil. 

Thermal decomposition. Thermal decomposition for 15 minutes at about 250° (bath temp.) afforded a yellow oil 
and an almost colourless sublimate. Extraction of these products with hot light petroleum (b. p. 30—50°) removed 
poeees, leaving a pale yellow residue of benzil; both products were identified by mixed m. p. after recrystallisation from 
alcohol. 

(b) Photochemical Reaction between Xanthen and Thioxanthone.—Equimolecular amounts of xanthen (1 g.) and 
thioxanthone (Davis and Smiles, J., 1910, 97, 1296) in benzene (15 c.c.) were exposed to sunlight for 2 days (May). The 
solution acquired a green fluorescence and 9-xanthylthioxanthhydrol separated in colourless needles; it was filtered off, 
washed with benzene several times, and recrystallised from xylene; m. p. ca. 214° (Found: C, 79-45; H, 4-6; S, 7-2; 
active hydrogen, 0-26. C,,H,,0,S requires C, 79-2; H, 4-5; S, 8-1; active hydrogen, 0-25%). It is difficultly soluble 
in cold benzene, but soluble in hot light petroleum (b. p. 100—110°). It is not affected by acetyl chloride at 50° (6 hrs.). 

Further action of sunlight. 9-Xanthylthioxanthhydrol (1 g.) was suspended in dry benzene (20 c.c.) and exposed to 
direct sunlight for 20 days (August—September). The solution became yellow with a green fluorescence, and the solid 
gradually dissolved, being replaced by another solid; this was collected, cystallised from xylene, and proved to be 
thioxanthone (m. p. and mixed m. p.; colour with sulphuric acid). The benzene mother-liquor was evaporated in a 
vacuum, and the residue steam-distilled ; an ethereal extract of the distillate was dried (sodium sulphate) and the ether 
evaporated off. The colourless crystals obtained, recrystallised from methyl alcohol, were xanthen (m. p. and mixed 
Mm. p.). 

In a parallel experiment, but with the reaction vessel covered with black paper, no reaction was detected. 

_ Action of heat on 9-xanthylthioxanthhydrol.—2 G. of the hydrol were heated (bath temp. 270°) in a current of dry carbon 
dioxide for 30 mins. in a tube (A), 26 cm. high, connected by a bent tube to a similar tube (B) containing water, extern- 
ally cooled. Rapid evolution of vapours was observed, which partly condensed in tube (B); this solid was collected, 
extracted with light petroleum (b. p. 30—50°), the extract evaporated, the solid crystallised from methyl alcohol, and 
identified as xanthen (m. p. and mixed m. p.). The substance in tube (A) was extracted as above to remove xanthen, 
ee rectystallised from xylene; the product was thioxanthone (m. p., mixed m. p., and colour reaction with sulphuric 
acid). 

Action of Heat on 9-Hydroxydixanthyl_—9-Hydroxydixanthy] (J., 1944, 67) (2 g.) was heated (bath temp. 270°) in the 
apparatus described above for 30 mins.; the vapours evolved condensed in tube (B), and this solid was steam-distilled, 
the ethereal extract of the distillate being dried over anhydrous sodium sulphate and evaporated in a vacuum; colourless 
crystals of xanthen (m. p. and mixed m. p.) were obtained. The solid in tube (A), on steam distillation, gave xanthen 
and xanthone, separated as described for xanthen and thioxanthone (above); xanthone was crystallised from hot 
absolute ethyl alcohol and identified by m. p., mixed m. p., and blue fluorescence with sulphuric acid. 

Thermal Stability of aaBB-Tetraphenylethyl Alcohol.—The alcohol (Paterné and Chieffi, Gazzetta, 1909, 39, II, 415) 
(05 g.) was heated (bath temp. 270°) in the apparatus described above for 30 minutes. The solid contents of tube (A) 
were washed with light petroleum (b. p. 30—50°), and 0-477 g. of the initial alcohol (m. p. and mixed m. p.) obtained. 


Fouap I University, ABBASsIA, CAIRO. [Received, March 5th, 1945.) 








Hunter and Williams : 


146. Chemical Conversion of B-Carotene into Vitamin-A. 
By R. F. Hunter and N. E. WILLIAMs. 


Claims to have effected conversion of B-carotene into vitamin-A in vitro are unsubstantiated by later in- 
vestigations. The chemical conversion has now been accomplished, in small yield, by oxidative fission of the 


central double bond of f-carotene with hydrogen peroxide to give vitamin-A aldehyde, and subsequent reduction 
to vitamin-A alcohol. 


THE mechanism of conversion of $-carotene into vitamin-A which occurs in vivo is obscure although the con- 
ventional hydrolysis equation C,,H,, + 2H,O = 2C,,.H,,OH is given in many text books. 

Attempts to reproduce the conversion in vitro by the aid of biochemical agents have hitherto furnished 
indefinite or negative results. Olcott and McCann (J. Biol. Chem., 1931, 94, 185) claimed to have isolated an 
enzyme from the liver of rats fed on vitamin-A-free diet, which converted a colloidal solution of carotene 
into vitamin-A. Pariente and Ralli (Proc. Soc. Exp. Biol. Med., 1932, 29, 1209) also stated that they detected an 
increased response to the antimony trichloride reaction after incubating a colloidal solution of carotene with 
minced dog liver. A re-investigation of Olcott and McCann’s experiments by Drummond and MacWalter 
(Biochem. J., 1933, 27, 1342) failed to substantiate their claim, and negative results were also obtained when the 
liver cells were allowed to take up carotene from the circulating blood before the minced preparation was 
incubated. The more recent claim of Wilson, Ahmad, and Majumdar (Indian J]. Med. Res., 1937, 25, 85) with 
regard to the conversion in liver autolysates is not supported by spectroscopic evidence. 

A conversion by chemical means which suggests itself consists in oxidative fission of the central double 
bond of 8-carotene (I) to give vitamin-A aldehyde (II) and subsequent reduction of this by the Pondorff method 
to give vitamin-A alcohol (III) (Hawkins and Hunter, J., 1944, 411). 


( R-[(CH:CH-CMe:CH],°CH = CH-[CH!CMe-CH:CH],‘R _(I.) 


| 


R-[CH:CH-CMe:CH],°CHO + CHO-[CH!CMe-CH:CH],"R _(II.) 


| 


R-[CH:CH-CMe:CH],°CH,‘OH + OH-CH,*[CH:CMe-CH:CH],"R_— (III) | 


Attempts were made to accomplish the desired oxidation by means of a variety of reagents. A careful 
repetition of Euler, Karrer, and Solmssen’s oxidation of $-carotene with alkaline potassium permanganate 
(Helv. Chim. Acta, 1938, 21, 211), which furnished the biologically active $-apo-2- and §-apo-4-carotenals 
(IV and V), failed to reveal any vitamin-A aldehyde (Devine and Hunter, unpublished results). These apo- 


carotenals differ, however, from vitamin-A aldehyde in possessing a methyl group on the carbon atom adjacent 
to the aldehyde group. 





R-[CH:!CH-CMe:CH],°CH:CH-[CH:CMe-CH:CH]‘CH:CMe‘CHO © (IV.) 
R-[CH:CH-CMe:CH],"CH:CH-CH:CMe-CHO __(V.) 


Finally, the desired reaction was accomplished, in very small yield, by means of hydrogen peroxide in glacial 
acetic acid under carefully controlled conditions. Vitamin-A aldehyde was separated from other oxidation 
products by chromatography, characterised spectroscopically, reduced with aluminium isopropoxide, and the 
product chromatographed. The concentrate of vitamin-A alcohol thus obtained showed an absorption maxi- 
mum at 6210 a. in the antimony trichloride reaction and was characterised by conversion into ‘‘ cyclised’”’ 
vitamin-A by treatment with n/30-alcoholic hydrogen chloride (Hawkins and Hunter, Biochem. J., 1944, 38, 
34). The yield, calculated on the basis of the E}%,, value of the “‘ cyclised ’”’ vitamin at 3700 a., was 0-4—0-5% 

Owing to the sensitivity of the aldehyde and to the poor yield obtained under optimum conditions, the 
experiment requires dexterity and speed. Nevertheless, 18 out of 28 experiments furnished positive results. 

A biological test on a solution of the vitamin-A alcohol in arachis oil carried out by our Nutrition Laboratory 
showed growth-promoting activity of the expected order. 

Evidence was also obtained of the formation of §-apo-5-carotenal, which on reduction furnished the corres- 
ponding alcohol showing a band at about 6900 a. in the antimony trichloride reaction. This is distinguishable 
from vitamin-A, (Edisbury, Morton, Simpkins, and Lovern, Biochem. J., 1938, 32, 118) in that on “ cyclis- 
ation ” it gives a substance showing fine structure in the ultra-violet with absorption maxima displaced some 
250 a. into the region of longer wave-length from those of “ cyclised ” vitamin-A,. These maxima are almost 
identical with the product of ‘‘ cyclisation” of axerophthylideneisopropyl alcohol (Hawkins and Hunter, 
Biochem. J., 1944, 38, 34), from which the compound differs by only a terminal methyl group. Although this 
provides further evidence that vitamin-A, cannot have the apo-5-carotenol structure originally suggested by 
Gillam, Heilbron, Jones, and Lederer (Biochem. J., 1938, 32, 405), yet the identity of the ultra-violet absorption 
maxima of ‘‘ cyclised ’” vitamin-A and “ cyclised ’’ vitamin-A, (Embree and Shantz, J. Biol. Chem., 1940, 132, 
619; Hawkins and Hunter, loc. cit.) does not seem to be explicable on the basis of Karrer and Bretscher’s 
open-chain formule (Helv. Chim. Acta, 1943, 26, 1758) for vitamin-A,. 

Oxidation of a mixture of 8-carotene and y-«-carotene gave a result similar to those obtained with 6-carotene 
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itself. Furthermore, there was no substantial difference in the results of oxidation experiments with freshly 
recrystallised B-carotene and with 8-carotene which had undergone slight atmospheric oxidation. 


Oxidation of 8-apo-2- and 8-apo-4-carotenals with hydrogen peroxide in acetic acid under similar conditions 
failed to furnish any detectable quantities of vitamin-A aldehyde. 

Attempts to increase the yield of vitamin-A aldehyde by variation of conditions (temperature, time of 
reaction, concentration of the reactants, and use of tocopherol as antioxidant during separation) were 
unsuccessful. This is explicable on the basis of considerations of resonance in extended conjugated systems, 
since each double bond loses some of its double-bonded character to the neighbouring single bonds and this 


effect increases towards the centre of the system (Zechmeister, LeRosen, Schroeder, Polg4r, and Pauling, 
J. Amer. Chem. Soc., 1943, 65, 1940). 


EXPERIMENTAL. 


The f-carotene, prepared as described by Devine, Hunter, and Williams (Biochem. J., 1945, 39, 5), was purified 


by chromatography and recrystallisation. A value of EiS, + 2,200 at 4630 a. in chloroform was considered satisfactory 
for this a Ultra-violet ‘spectroscopic measurements were made in purified cyclohexane. The following experiments 
are typical. 

(i) A solution of B-carotene (100 mg.) in chloroform (40 c.c.) and glacial acetic acid (100 c.c.) was stirred mechanically 
at 38—40°, in a stream of nitrogen, during the dropwise addition (10 minutes) of 100-vol. hydrogen peroxide (0-08 c.c., 
equivalent to 3 atoms of oxygen) in glacial acetic acid (20c.c.). Stirring was continued for a further 10 minutes, and the 
solution was poured into water and extracted with ether-light petroleum. The united extracts were washed in turn 
with water, 5% aqueous sodium bicarbonate, and water, dried with anhydrous sodium sulphate, and evaporated under 
reduced carbon dioxide pressure with the usual precautions (Hunter and Scott, Biochem. J., 1941, 35, 31). The residue 
was chromatographed on partly deactivated ‘‘ Mayfair ’’ alumina under slight carbon dioxide pressure. Thechromatogram 
formed a series of zones: (1) yellow, (2) pink, (3) broad yellow, (4) broad orange pink, (5) bright yellow, (6) very pale 
yellow, (7) pink, in order of decreasing adsorption. The substances eluted from all these zones were examined with respect 
to the antimony trichloride reaction. The substance obtained from zone (3) showed absorption maxima at 6700 and 
7350 A. in this reaction. The product obtained on Pondorff reduction with aluminium isopropoxide showed bands at 
6830 and 6200 a. On “‘cyclisation’’ with n/30-alcoholic hydrogen chloride at 50° in the usual way, and chromatography 
on alumina, a typical yellow ‘‘ cyclised’’ zone was obtained. This was rechromatographed and two zones were obtained, 
the lower of which furnished “‘ cyclised ’”’ vitamin-A, identified by the characteristic triplet in the ultra-violet region 
(maxima at 3900, 3700, and 3500 a.), and a maximum at 6200 A. in the antimony trichloride reaction. The upper zone 
furnished a substance which gave a “‘ cyclised ’’ product having the characteristic triplet displaced to 4150, 3930, and 
3700 a., and showing maxima of equal intensity at 6220 and 6850 a. in the antimony trichloride reaction. These ultra- 
violet maxima are very close indeéd to those of the product of ‘‘ cyclisation” of axerophthylideneisopropyl alcohol 
(Hawkins and Hunter, Biochem. J., 1944, 38, 36). It is therefore highly probable that this substance is derived from 
the higher homologue of vitamin-A aldehyde, B-apo-5-carotenal. The material eluted from zone (4) showed an intense 
maximum at 6550 a. in the antimony trichloride reaction, and on reduction with aluminium isopropoxide furnished a 
mixture of alcohols which showed maxima at 6950 and 6200 a. in the same reaction. On “‘ cyclisation ’’ and chromato- 
graphy, this furnished ‘‘ cyclised ’’’ vitamin-A (maxima at 3900, 3700, and 3500 a., and at 6200 a. in the antimony trichloride 
reaction). Evidence was also obtained of the presence of ‘‘ cyclised ’’ B-apo-5-carotenol. 

(ii) A similar oxidation experiment was carried out at 48—50° and the product was chromatographed as before. 
The four intermediate zones which showed bands at 6570 and 6950 a. in the antimony trichloride reaction were eluted 
together, and the product was reduced, ‘‘ cyclised,” and chromatographed. The lower pale yellow zone on being rechro- 
matographed gave material which showed absorption bands at 4120, 3900, 3700, and 3500 a. in the ultra-violet, and 
maxima at 6250 and 7000 a. in the antimony trichloride reaction. The solution of this material in cyclohexane (25 c.c.) 
showed a log J)/Z value of 1-03 in a 0-2-cm. cell at 3700 a., corresponding to a yield of 0-35% of vitamin-A on the basis 


ofan Em, value of 3650 for pure ‘‘cyclised”’ vitamin-A. On being again chromatographed this fraction was resolved into 
two zones: the lower showed ultra-violet maxima at 3900, 3700, and 3500 a. and a band at 6220 a. in the antimony 
trichloride reaction, and the upper zone showed maxima at 4150, 3900, and 3700 a. and a band at 7000 a. by the two 
methods = the separation of ‘‘ cyclised ’’ vitamin-A and ‘‘ cyclised ” vitamin-A,; Embree and Shantz, loc. cit. ; 
Hawkins and Hunter, Joc. cit.). 

(iii) An experiment similar to (i) was carried out in which f-carotene (50 mg.) was oxidised with hydrogen peroxide 
(equiv. to 3 atoms of O, added dropwise during 4 minutes) at 50°. After being stirred for a further minute, the reaction 
mixture was poured into dilute aqueous ferrous sulphate and extracfed with light petroleum. The “‘ cyclised "’ vitamin 
separated by chromatography showed only vague absorption in the ultra-violet region. The experiment was repeated 
with a similar result. The ‘‘ cyclised ’’ products were therefore combined and rechromatographed on a longer column of 
“Mayfair ’”’ alumina; a small fraction was obtained which. showed vague absorption bands at 3900, 3700, and 3500 a. 
The amount of vitamin isolable under these conditions was almost negligible. 

(iv) An experiment similar to (iii) was carried out in which f-carotene (50 mg.) was treated with hydrogen peroxide 
(equiv. to 3 atoms of oxygen) at 25° during 10 minutes. Stirring was continued for a further 10 minutes. The alcohol 
obtained on Pondorff reduction showed bands at 6220 and 6930 a. in the antimony trichloride reaction. The “‘ cyclised ”’ 
vitamin (yield 0-5%) showed absorption maxima at 4150, 3900, 3700, and 3500 a. in the ultra-violet, and the same bands 
with antimony trichloride as before. 

(v) A similar experiment in which f-carotene (100 mg.) was oxidised at 15° furnished ‘‘ cyclised ’’ vitamin (yield 
045%) which showed maxima at 3900, 3700, and 3500 a.; some 48 mg. of unchanged carotene were recovered. 

(vi) An experiment in which 50 mg. of f-carotene were oxidised with hydrogen peroxide (equiv. to 6 atoms of oxygen) 
at 38—40° also furnished a concentrate which showed bands at 6220 and 6900 a. in the antimony trichloride reaction. 
The ‘‘ cyclisation ’’ product showed maxima at 4120, 3900, 3680, and 3500 a. 

(vii) A y-a-carotene concentrate (ca. 30% of y-a-carotene) was prepared by heating a solution of 8-carotene in benzene— 
glacial acetic acid (1 : 2) and subsequent chromatography. A solution of the carotene (150 mg.) in chloroform (60 c.c.) 
and glacial acetic acid (150 c.c.) was oxidised with hydrogen peroxide at 38—40° in the usual way. The “‘ cyclised” 
‘tamin showed bands at 4150, 3900, 3700, and 3500 a. in the ultra-violet, and maxima at 6210 and 6950 a. in the 
atimony trichloride reaction; yield 0-47%. ‘ 

Oxidation of B-apo-2-Carotenal.—A solution of B-apo-2-carotenal (m. p. 140°) (20 mg.) in chloroform (10 c.c.) and glacial 
etic acid (30 c.c.) was treated with hydrogen peroxide (equiv. to 3 atoms of oxygen) at 40° as in previous experiments. 
the product was reduced with aluminium isopropoxide and thereafter treated with n/30-alcoholic hydrogen chloride 
athe usual way. On chromatography, four zones were obtained: (1) bright yellow, (2) deep salmon pink, (3) orange 
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red, and (4) orange, in order of increasing adsorption, none of which furnished material showing fine structure in the 
ultra-violet region. 

Oxidation of B-apo-4-Carotenal.—aA solution of B-apo-4-carotenal (Euler, Karrer,.and Solmssen, Joc. cit.) (50 mg.) was 
oxidised at 40°, and the product reduced and treated as in the previous case. The chromatogram formed a series of six 
zones, none of which showed fine structure in the ultra-violet region. 

Biological Test.—One-third of a fresh concentrate of vitamin-A alcohol, prepared by Pondorff reduction of the aide. 
hyde obtained by oxidation of 200 mg. of B-earotene, was ‘‘ cyclised,’’ and the log J,/J value at 3700 a. determined in 
the usual way: The remaining two-thirds was dissolved in refined deodorised arachis oil containing tocopherol (22 mg. 
per g. of oil), to furnish a solution with a nominal potency of 240 International units per g. which was used as the dosing 
solution for growth tests on rats on the usual basal diet (Gridgeman, Biochem. J., 1943, 37,127). The test, the essential 
feature of which consisted of 10 litter-mate growth comparisons, indicated that the potency was at least of the expected 
order. The animals receiving no supplement showed no growth during the 3-week test period (5 died), whilst thos 
receiving the test material showed an average growth of 54 g. 


We thank the Directors of Lever Brothers and Unilever Ltd. for permission to publish these results. 


CENTRAL TECHNICAL DEPARTMENT, LEVER BROTHERS AND UNILEVER LTD., 
Port SUNLIGHT. (Received, May 14th, 1945.] 





147. Experiments on the Synthesis of Purine Nucleosides. Part XI. The Synthesis 
of 9-d-Xylopyranosido-2-methylthioadenine and its Conversion into 9-d-Xylo- 
pyranosidoadenine. 


By G. A. Howarp, B. Lytucor, and A. R. Topp. 


Condegsation of d-xylose with 4 : 6-diamino-2-methylthiopyrimidine appears to give a mixture of two 
isomeric d-xylosides; only one of these has been obtained crystalline but both give crystalline tetra-acety] 
derivatives. The isomeric d-xylosides are nitrosated readily in acetic acid solution, yielding isomeric nitroso- 
xylosides which on reduction and thioformylation yield one and the same 6-amino-5-thioformamido-4-d-xylosid- 
amino-2-methylthiopyrimidine, cyclised by heating in pyridine, borax, or sodium hydroxide solution to 9-d-*y/o- 
pyranosido-2-methylthioadenine. Acetylation of the thioformamido-compound gives 6-amino-5-thioform- 
amido-4-triacetyl-d-xylosidamino-2-methylthiopyrimidine; cyclisation of this substance in pyridine solution 
gives a product from which, after deacetylation, 9-d-xylopyranosido-2-methylthioadenine and the isomeric 
6-d-xylosidamino-2-methylthiopurine can be isolated. Various complications arising in the course of the 
investigations are described and discussed. 


Desulphurisation of 9-d-xylopyranosido-2-methylthioadenine with Raney nickel yields 9-d-xylopyranosido- 
adenine identical with the product described in Part IX of this series. 


In Part III of this series (J., 1943, 571) the synthesis of 6-amino-4-d-xylosidamino-2-methylthiopyrimidine by 
condensation of d-xylose with 4 : 6-diamino-2-methylthiopyrimidine was described. The accessibility of this 
crystalline xyloside caused it to be selected for our first essay at the synthesis of a 9-glycosidopurine by the 
method envisaged as a result of earlier model experiments (Part I, J., 1943, 383) and which has since been applied 
in other cases (Parts VI, IX, X; J., 1944, 318, 652, 657). The attempt was successful and, in fact, the final 
product, 9-d-xylopyranosido-2-methylthioadenine (VI), was the first glycosidopurine synthesised by us. 
Publication of this synthesis has been delayed until now because of the discovery (cf. Baddiley, Kenner, Lythgoe, 
McNeil, Todd, and Topham, Chem. and Ind., 1943, 62, 433) that xylosidisation of 4 : 6-diamino-2-methy|thio- 
pyrimidine gives rise to a mixture of two isomers, and because of other ensuing complications which at the time 
rendered uncertain the relationship between the final xylosidopurine and tbe crystalline xylosidaminopyrimidine 
described in Part III (loc. cit.). An extended series of investigations was necessary in order to clarify matters 
and the results are now reported. 

When d-xylose is condensed with 4 : 6-diamino-2-methylthiopyrimidine in alcoholic solution in presence of 
ammonium chloride, and the product worked up by the adsorption procedure described in Part III (loc. cit.), 
the amount of crystalline 6-amino-4-d-xylosidamino-2-methylthiopyrimidine which separates directly varies 
considerably ; e.g., starting from 15 g. of d-xylose it ranges from 3 g. to 12 g. 

We have been unable to determine with any certainty the factors responsible for this variation. As 
already reported (Part III, loc. cit.), acetylation of the non-crystalline residue gives a product from which a 
crystalline tetra-acetyl compound can be isolated, identical with the derivative obtained on acetylating the 
crystalline 6-amino-4-d-xylosidamino-2-methylthiopyrimidine; the amount obtained is in general inversely 
proportional to the amount of crystalline xyloside directly isolated. It was subsequently found that, alter 
acetylation of the resinous portion of the xylosidisation product and separation of the above tetra-acetylxyloside, 
concentration of the mother-liquors gave a second isomeric tetra-acetylxyloside, evidently corresponding to 4 
second 6-amino-4-d-xylosidamino-2-methylthiopyrimidine which had not been isolated and whose presence 
in varying amount was probably responsible for the variation in the amount of crystalline xyloside which could 
be isolated directly from the product of xylosidisation of 4 : 6-diamino-2-methylthiopyrimidine. Following 
the practice adopted in the analogous case of the xylosides of 4 : 6-diaminopyrimidine (Part IX, Joc. cit.), we 
designate the two sets of isomers Series I and Series II compounds and distinguish them by adding to their 
systematic names the suffix I or II. Thus the crystalline xyloside (I) is named 6-amino-4-d-xylosidamino- 
2-methylthiopyrimidine-I and its acetyl derivative 6-acetamido-4-triacetyl-d-xylosidamino-2-methy!thio- 
pytimidine-I, while the new acetyl compound is 6-acetamido-4-triacetyl-d-xylosidamino-2-methylthiopyrimidine-1 

e 
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corresponding to a xyloside-II in the original mixture. Deacetylation of these acetyl derivatives by the 
Zemplén method gave, respectively, 6-acetamido-4-d-xylosidamino-2-methylthiopyrimidine-I and 6-acetamido- 
4-d-xylosidamino-2-methylthiopyrimidine-II, both of which yielded on acid hydrolysis one and the same 4-amino- 
6-acetamido-2-methylthiopyrimidine. 


Series I. Series II. 


N 
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Unlike the glycosides of 4 : 6-diaminopyrimidine and of 4 : 6-diamino-2-methylpyrimidine (Part V, J., 1944, 
315), the isomeric 6-amino-4-d-xylosidamino-2-methylthiopyrimidines are nitrosated readily in acetic acid 
solution, so that nitrosation followed by reduction could be used to introduce the 5-amino-group necessary for 
the further development of the purine synthesis in view. From the crystalline 6-amino-4-qd-xylosidamino- 
2-methylthiopyrimidine-I, the purple 5-nitroso-6-amino-4-d-xylosidamino-2-methylthiopyrimidine-I (III) was 
obtained, and the resinous residue left after removing the Series I isomer from the crude xylosidisation mixture 
yielded on nitrosation a blue 5-nitroso-6-amino-4-d-xylosidamino-2-methylthiopyrimidine-II (IV). It is of 
interest that acetylation of either of these with acetic anhydride in pyridine in the cold gives one and the 
same 5-nitroso-6-amino-4-triacetyl-d-xylosidamino-2-methylthiopyrimidine-I ; deacetylation of this product by 
the Zemplén method gave only 5-nitroso-6-amino-4-d-xylosidamino-2-methylthiopyrimidine-I. The behaviour 
of these nitroso-compounds on acetylation recalls the observation by Kuhn and Strébele (Ber., 1937, 70, 773) 
that direct condensation of /-arabinose with o-nitroxylidine gives two isomeric N-arabinosides which on acetyl- 
ation yield the same triacetyl /-arabinoside; no evidence was offered in that case as to the nature of the isomers, 
although it seems to have been generally assumed that they were a- and (-l-arabinosides. It has been 
observed by us that the amount of 6-acetamido-4-triacetyl-d-xylosidamino-2-methylthiopyrimidine-II, isolated 
after acetylation of the non-crystalline portion of the xylosidisation product from 4 : 6-diamino-2-methyl- 
thiopyrimidine, is small as compared with the quantity of nitroso-xyloside-II obtained by nitrosating the same 
material. This might, of course, be due simply to difficulty of isolation, but in view of the above facts it is also 
possible that a partial conversion of the Series II into the Series I isomer occurs during acetylation. 

Reduction of 5-nitroso-6-amino-4-d-xylosidamino-2-methylthiopyrimidine-II (IV) with ammonium sulphide, 
followed by treatment of the crude product with aqueous sodium dithioformate, gave 6-amino-5-thioform- 
amido-4-d-xylosidamino-2-methylthiopyrimidine (V) in fairly good yield. When this compound was first 
prepared the existence of two isomeric 6-amino-4-d-xylosidamino-2-methylthiopyrimidines was not known to 
us, and the nitroso-compound used had been prepared by nitrosating the total xylosidisation product of 
2-methylthiopyrimidine in the belief that it contained only one xyloside whose complete crystallisation was 
impeded by small amounts of impurity. It was only when the existence of the Series I and Series II isomers 
Was recognised that it was discovered that in fact the nitroso-compound used hitherto was actually the Series II 
compound and did not correspond to the crystalline 6-amino-4-d-xylosidamino-2-methylthiopyrimidine-I. 

is was an initial cause of confusion in our work and made the subsequent course of the investigation some- 
what complex. In the interests of clarity in presentation it is, however, necessary at this stage to indicate that, 
a8 was subsequently shown, the thioformamido-compound mentioned above is common to both Series I and 
Series II, i.e., that the isomerism disappears on reduction of the nitroso-compounds. 

_ When 6-amino-5-thioformamido-4-d-xylosidaminopyrimidine, prepared as above described, was refluxed 
in dry pyridine, hydrogen sulphide was evolved, and from the resulting solution 9-d-xylosido-2-methylthio- 
adenine (VI) was isolated. The constitution of this product follows from its hydrolysis to d-xylose and 
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2-methylthioadenine, its insolubility in aqueous sodium hydroxide, and its deamination to 9-d-*%ylosido-2-methy- 
thiohypoxanthine. The yield of purine from the thioformamido-compound was rather low, and other cyclisation 
media were examined in plac? of pyridine. Boiling quinoline caused almost complete decomposition, and 
lutidine was little better than pyridine; better results were obtained when the thioformamido-compound was 
simply heated for a short time with borax solution or with aqueous sodium hydroxide, although as was to be 
expected, a considerable amount of 6-amino-5-formamido-4-d-xylosidamino-2-methylthiopyrimidine (IX) was 
formed simultaneously. It seemed possible that the yield of purine derivative might be considerably increased 
if the thioformamido-compound were acetylated before ring closure, a method used in analogous syntheses 
described in earlier papers of this series (loc. cit.). 6-Amino-5-thioformamido-4-triacetyl-d-xylosidamino- 
2-methylthiopyrimidine (VII) was therefore prepared and refluxed in dry pyridine in the normal manner. 
From the reaction solution 6-triacetyl-d-xylosidamino-2-methylthiopurine (VIII; R = Ac) was readily isolated. 
It yielded on hydrolysis with ammonia 6-d-xylosidamino-2-methylthiopurine (VIII; R = H), which was soluble 
in alkali and could not be deaminated ; final proof of its structure was obtained by methylation to 6-d-xylosid- 
amino-2-methylthio-9-methylpurine, hydrolysed by acid to the known 2-methylthio-9-methyladenine. The 
cyclisation mother-liquors remaining after separation of 6-triacetyl-d-xylosidamino-2-methylthiopurine gave on 
evaporation a resin which was deacetylated by the Zemplén method. From the product, 9-d-xylosido- 
2-methylthioadenine (VI) was isolated, together with a small amount of 6-amino-5-formamido-4-d-xylosid- 
amino-2-methylthiopyrimidine. ; 

When 5-nitroso-6-amino-4-d-xylosidamino-2-methylthiopyrimidine-I (III) was reduced with ammonium 
sulphide, and the crude product treated in warm aqueous solution with sodium dithioformate, a crystalline 
product was obtained which rather surprisingly proved to be 6-amino-5-formamido-4-d-xylosidamino-2-methyl- 
thiopyrimidine (IX); on acetylation with cold acetic anhydride in pyridine it gave a crystalline ¢triacetyl 
derivative and was hydrolysed by acid to d-xylose and 4 : 6-diamino-5-formamido-2-methylthiopyrimidine, 
identical with a specimen prepared by formylating 4 : 5: 6-triamino-2-methylthiopyrimidine. Examination 
of the sample of sodium dithioformate used in the experiment revealed that it had deteriorated somewhat 
through prolonged keeping, but even so, there had been excess of dithioformate present during the reaction; 
evidently the thioformamido-compound was so unstable that it was converted into the formamido-compound 
in the warm alkaline solution even in presence of sodium dithioformate. The reduction of the nitroso-xyloside-I 
was therefore re-examined more carefully, thioformylation of the crude product being carried out in the cold 
with sodium dithioformate. The gelatinous product which separated yielded on recrystallisation from water 
6-amino-5-thioformamido-4-d-xylosidamino-2-methylthiopyrimidine (V), 9-d-xylosido-2-methylthioadenine 
(VI), and 6-amino-5-formamido-4-d-xylosidamino-2-methylthiopyrimidine (IX), the last being the major 
product. Presumably the production of formamido-compound and purine was due partly to the strongly 
alkaline nature of the reaction medium and partly to the boiling with water involved in recrystallisation. 

This result led in turn to a re-examination of the reduction and thioformylation of the nitroso-xyloside-II 
under similar conditions; in this experiment both the 5-thioformamido- and the 5-formamido-compound 
were obtained (the former in larger amount) but no purine was isolated. Failure to isolate any purine in a single 
experiment of this nature is not very surprising, since the amount expected would in any event be small and 
would probably vary greatly according to the conditions of recrystallisation of the crude product; indeed, it 
might fairly be stated that according to the conditions, reduction and thioformylation of either of the nitroso- 
compounds may give rise to any or all of the three products, thioformamido-compound, formamido-compound, 
and 9-xylosidopurine. In accordance with this view, reductions of nitroso-I and nitroso-II with aluminium 
amalgam, followed by thioformylation, gave in each case a mixture of products. 

From the above experiments it is clear that the Series I and Series II isomers merge into one series when 
reduction of the 5-nitroso-compounds is carried out. This is strictly analogous to the behaviour of the corre- 
sponding isomeric series already reported in the case of the xylosides of 4 : 6-diaminopyrimidine (Part IX; 
loc. cit.) in which the isomerism disappeared on reductive fission of a 5-azo-substituent. The nature of the 
isomerism of the Series I and Series II compounds remains to be rigidly established and definite evidence is 
being sought. Meanwhile, we incline to the view that the two series represent a- and $-glycosides. 

A point of considerable interest in the present work is that cyclisation of 6-amino-5-thioformamido- 
4-d-xylosidamino-2-methylthiopyrimidine, carried out several times under varied conditions, gave exclusively 
9-d-xylosido-2-methylthioadenine (VI); no trace of 6-d-xylosidamino-2-methylthiopurine (VIII) was ever 
obtained. On the other hand, cyclisation of 6-amino-5-thioformamido-4-triacetyl-d-xylosidamino-2-methyl- 
thiopyrimidine (VII) gave a mixture of the 9-xylosido- and the 6-xylosidamino-purines. The production of two 
isomeric purine xylosides frora acetylated thioformamido-compounds had been observed before (e.g., Parts VI 
and IX, loc. cit.) although it was unexpected on the basis of the model experiments on the synthesis of 9-alkyl- 
purines (Part I, J., 1943, 383). In Part IX (loc. cit.) it was suggested that the explanation might lie in the 
effect of chelation involving the glycosidic NH group and the carbonyl of the acetyl residue at C, in the sugar 
chain. On this view it would follow that cyclisation of an unacetylated thioformamido-glycoside would lead 
exclusively to the 9-glycosidopurine, since chelation would no longer be possible. In this sense present results 
lend considerable support to the above suggestion. ° P 

Application of the periodate oxidation method (Part VIII; Joc. cit.) for determination of lactol ring structure 
to the synthetic 9-d-xylosido-2-methylthioadenine led to a consumption of 3 mols. of periodate and the liberation 
of 1 mol. of formicacid. Of the periodate used, only 2 mols. were used for oxidation of the sugar chain, the third 
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presumably oxidising the methylthio-group to a methylsulphoxido-group. It was established in a control 
experiment that 2-methylthioadenine itself absorbed 1 mol. of periodate. It follows therefore that the synthetic 
glycoside (VI) is correctly described as 9-d-xylopyranosido-2-methylthioadenine. 

In view of the production of isomeric xylosides on condensing d-xylose with 4 : 6-diaminopyrimidine and 
with 4 : 6-diamino-2-methylthiopyrimidine and of the disappearance of this isomerism in the course of purine 
xyloside synthesis from them, it was of some importance to know whether or not the 9-d-xylopyranosidoadenine 
described in Part IX (loc. cit.) and the 9-d-xylopyranosido-2-methylthioadenine now described belonged to the 
same stereochemical series. A possible method of settling this point appeared to be the desulphurisation 
procedure using Raney nickel saturated with hydrogen recently developed by Mozingo (J. Amer. Chem Soc., 
1943, 65, 1013) provided that it could be applied to 2-methylthiopurines. 

As a preliminary model, 2-methylthio-9-methyladenine was refluxed in alcoholic solution with Raney 
nickel; 9-methyladenine was produced in good yield. 9-Triacetyl-d-xylopyranosido-2-methylthioadenine 
treated in exactly the same way yielded a product, deacetylated to 9-d-xylopyranosidoadenine, identical with a 
specimen synthesised from 4 : 6-diaminopyrimidine. It follows that these two xylosides belong to the same 
stereochemical series. To that series also belong, in all probability, the synthetic 9-d-xylopyranosido-2-methyl- 
adenine and 9-d-ribopyranosidoadenine as described in previous papers (Part IX, loc. cit.; Part X, J., 1944, 
657). Whether the configuration of these compounds is that of «- or 8-glycosides and whether it corresponds 
to that of the natural purine nucleosides should be capable of determination by application of the method of 


periodate oxidation to appropriate natural and synthetic glycosides; the results of experiments on these lines 
will be reported in a subsequent paper. 


EXPERIMENTAL. 


Activated alumina used throughout was prepared by heating alumina hydrate (British Aluminium Co., Ltd.) to 360° 
during 5 hrs. 

Condensation of d-Xylose with 4 : 6-Diamino-2-methylthiopyrimidine.—The following modification of the procedure 
described in Part III (Joc. cit.) was used: d-Xylose (15 g.), 4 : 6-diamino-2-methylthiopyrimidine (30 g.), and ammonium 
chloride (1 g.) were refluxed in absolute alcohol (250 c.c.) for 30 mins. in a flask fitted with an 18” Fenske column and 
ateflux ratio head. A mixture of benzene and alcohol (1 : 1, total 500 c.c.) was added in portions, and water removed 
by distillation as the ternary mixture. Slow distillation was continued during 4 hours, and the orange-coloured mixture 
cooled and poured through a column of activated alumina (2 kg.). The column was washed with alcohol (3-5 1.) to remove 
unchanged 4 : 6-diamino-2-methylthiopyrimidine and then eluted with cold water (51.). The aqueous eluate was worked 
up as in Part III (loc. cit.). The crystalline 6-amino-4-d-xylosidamino-2-methylthiopyrimidine-I (3—12 g.; m. p. 
190—192°) had [a}jf'5* —20° (c = 0-15 in water). 

An attempt to condense 4: 6-diamino-2-methylthiopyrimidine with d-xylose by heating in aqueous solution was 
made; although some evidence of condensation was obtained, no pure xyloside could be isolated and the method appeared 
of little practical value. 

6-A cetamido-4-triacetyl-d-xylosidamino-2-methylthiopyrimidine-II.—The crude xyloside mixture (15 g.) from d-xylose 
and 4 : 6-diamino-2-methylthiopyrimidine (see above) was dissolved in pyridine (150 c.c.), and a mixture of acetic 
anhydride (40 c.c.) and acetyl chloride (1 c.c.) added. There was a noticeable rise in temperature and the mixture 
was set aside overnight, heated on the steam-bath for 40 mins., cooled, and excess of acetic anhydride—acetyl chloride 
destroyed by adding alcohol and allowing it to stand for 1 hr. The resulting solution was evaporated, the residue dis- 
solved in a minimum of hot alcohol, and the solution cooled; 6-acetamido-4-triacetyl-d-xylosidamino-2-methylthio- 
pyrimidine-I (10 g.; m. p. 225—226°) separated. Evaporation of the alcoholic mother-liquors gave a resin which was 
dissolved in methanol (ca. 25 c.c.) at 40°, and water added slowly until a faint turbidity appeared. 6-Acetamido-4-tri- 
acetyl-d-xylosidamino-2-methylthiopyrimidine-II (1 g.) separated in pellet-like aggregates of colourless needles; recrystal- 
lised several times from a mixture of alcohol and ethyl acetate, it had m. p. 217—218°, [a]}f” +48-4° (c = 2-354 in chloro- 
form) (Found: C, 47-6; H, 5-1; N, 12-1. C,,H,,O,N,S requires C, 47-3; H, 5-3; N, 12-3%). 

6-A cetamido-4-d-xylosidamino-2-methylthiopyrimidine-I 1.—The tetra-acetyl compound (250 mg.) was allowed to stand 
for 3 days with methanolic ammonia (25 c.c., saturated at 0°), and the solution evaporated to dryness under reduced 
pressure. The resinous residue was dissolved in boiling absolute alcohol, and the solution set aside to cool. The crystal- 
line 6-acetamido-4-d-xylosidamino-2-methylthiopyrimidine-II which separated was recrystallised from alcohol; colourless 
needles (130 mg.), m. p. 175—180° (Found, in material dried at 100°/1 mm.: C, 43-4; H, 6-0; N, 16-9. C,,H,,O,;N,S 
requires C, 43-6; H, 5-5; N, 17-0%). The compound gave a marked depression in m. p. when mixed with 6-acetamido- 
4-d-xylosidamino-2-methylthiopyrimidine-I (Part III, Joc. cit.), and on acid hydrolysis yielded the known 4-amino- 
b-acetamido-2-methylthiopyrimidine, identified by m. p. and mixed m. p. , 

5-Nitroso-6-amino-4-d-xylosidamino-2-methylthtopyrimidine-I.—6-Amino-4-d-xylosidamino - 2-methylthiopyrimidine-I 
(4g.) was dissolved in hot water (200 c.c.), cooled rapidly to 5°, and sodium nitrite (2-5 g.) and glacial acetic acid (7 c.c.) 
added. The mixture was kept in an ice-bath for 45 minutes, then for a similar period at room temperature, and finally 
Was filtered ice-cold. The blue filter residue was washed with ice-water (100 c.c.) and recrystallised from water. The 


2. formed fine purple needles (3-1 g.), m. p. 237° (Found, in material dried at 140°/1 mm.: C, 37:7; 
» 93; N; 22-1. 


Acetylation of this material (1 g.) in the manner described above for the Series I isomer gave 5-nitroso-6-amino- 
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4-triacetyl-d-xylosidamino-2-methylthiopyrimidine-I (0-85 g.), m. p. 190—191°; mixed m. p. with an authentic specimen 
(m. p. 192—193°), 192°. 

6-A mino-5-thioformamido-4-d-xylosidamino-2-methylthiopyrimidine.—(A) A suspension of 5-nitroso-6-amino-4-d. 
xylosidamino-2-methylthiopyrimidine-II (14 g.) in water (540 c.c.) was cooled to 0°, and an ice-cold saturated solution 
of hydrogen sulphide in aqueous ammonia (36 ¢.c. of ammonia (d 0-880) + 540 c.c. of water] added with shaking. 
Hydrogen sulphide was passed through the mixture for 50 mins., and the resulting pale yellow solution evaporated to 
dryness under reduced pressure. The residue was shaken with water (1800 c.c.) at 90°, precipitated sulphur removed 
by filtration, and aqueous sodium dithioformate (54 g. in 180 c.c. of water) added to the filtrate. The thioformamido. 
compound began to separate almost immediately ; it was collected after 18 hrs. and recrystallised from water (charcoal): 
colourless hydrated needles (11-2 g.), m. p. 208° (decomp.). Water of crystallisation was very firmly held, and was only 
partly removed after drying for 7 hrs. at 140°/1 mm. (Found, in material dried for 5 hrs. at 140°/1 mm.: C, 36-5; H, 5-1: 
N, 19-1. C,,H,,0,N,S,,H,O requires C, 36-2; H, 5-2; N, 19-2%). 

Hydrolysis of the product (196 mg.) by heating under reflux with 0-1N-sulphuric acid for 90 mins., followed by neutralis. 
ation and concentration to sniall bulk in a vacuum, gave 4 : 6-diamino-5-thioformamido-2-methylthiopyrimidine. On 
heating, it melted at 235—236°, evolved hydrogen sulphide, then resolidified and again melted at 293°; this behaviour 
was also shown by an authentic specimen prepared as described in Part I (/oc. cit.) and by a mixture of the two. 

(B) In a later experiment carried out after the isolation of 6-amino-5-formamido-4-d-xylosidamino-2-methy]thio- 
pyrimidine on reduction and thioformylation of the Series I nitroso-compound (see below), the mother-liquors remaining 
after removal of the thioformamido-compound yielded on concentration 6-amino-5-formamido-4-d-xylosidamino- 
2-methylthiopyrimidine, m. p..and mixed m. p. 232°. 

Formation of 9-d-Xylopyranosido-2-methylthioadenine by Cyclisation of 6-Amino-5-thioformamido-4-d-xylosidamino- 
2-methylthiopyrimidine.—(1) In pyridine. A solution of the thioformamido-compound (2 g.) in dry pyridine (165 c.c.) 
was heated under reflux for 21 hrs., hydrogen sulphide evolution then being very slow. The solution was concentrated 
to small bulk (5 c.c.) under reduced pressure, absolute alcohol (150 c.c.) added, and the solution set aside overnight. A 
small amount of unchanged starting material which separated was filtered off, and the filtrateevaporated todryness. The 
resinous residue was dissolved in a little hot water (charcoal); the purine xyloside separated on cooling as colourless 
needles (125 mg.), m. p. 278° (decomp.) (Found, in material dried at 140°/1 mm. : C, 42-5; H, 4-8; N, 22-1. C,,H,,0,N,S 
requires C, 42-2; H, 4-8; N, 22-4%). The crystallisation mother-liquors yielded on concentration more unchanged 
Starting material (200 mg.) and an uncrystallisable resin. 

The xyloside was insoluble in dilute sodium hydroxide and had [a]}®° —29° (c = 0-03in water). Itsabsorption spectrum 
in n/20-hydrochloric acid showed a maximum at 2710 a. (e, 15,700), and in n/20-sodium hydroxide maxima at 2355 a. 
(e, 17,600) and 2755 a. (e, 13,700). 

Hydrolysis. The xyloside (121 mg.) was refluxed with n-sulphuric acid (4 c.c.) for 3 hrs., cooled, diluted with an 
equal volume of water, neutralised with N-sodium hydroxide (4 c.c.), and the solution set aside overnight. 2-Methyl- 
thioadenine separated; recrystallised from water, it formed needles (41 mg.), m. p. 295° undepressed by an authentic 
specimen. The hydrolysis mother-liquors were evaporated to dryness under reduced pressure, and thé residue heated for 
1 hr. at 100° with acetic anhydride (1 c.c.) and anhydrous sodium acetate (60 mg.). Excess of acetic anhydride was 
removed by evaporation under reduced pressure, and water (5 c.c.) added; recrystaliisation of the water-insoluble portion 
from alcohol gave f-tetra-acetyl d-xylose (37 mg.), m. p. 123—124° undepressed in admixture with an authentic specimen. 

Periodate titration. Amount of xyloside used, 0-126 g. Mols. of sodium periodate used per mol. of xyloside 3-01; 
mol. of formic acid liberated per mol. of xyloside, 0-985. 

Periodate titration of 2-methylthioadenine. Amount of purine used, 21 mg. Mols. of sodium periodate used per mol. 
of purine, 1-05. 

(2) In borax solution. A solution of the thioformamido-compound (0-5 g.) in water (10 c.c.) and saturated borax 
solution (20 c.c.) was boiled for 15 mins. and allowed to cool. As no crystalline material separated, the solution was 
evaporated to dryness and the residue recrystallised from water, giving 9-d-xylopyranosido-2-methylthioadenine (55 mg. ; 
et 278°). The mother-liquors on standing deposited 6-amino-5-formamido-4-d-xylosidamino-2-methylthiopyrimidine 
(126 mg.; m. p. 232°). 

(3) Im aqueous sodium hydroxide. Aqueous 3n-sodium hydroxide (1 c.c.) was added toa solution of the thioformamido- 
compound (0-2 g.) in water (25 c.c.), and the mixture boiled for 5 mins. Concentration of the neutralised solution yielded 
successively 9-d-xylopyranosido-2-methylthioadenine (30 mg.) and 6-amino-5-formamido-4-d-xylosidamino-2-methyl- 
thiopyrimidine (50 mg.). 

9-d-Xylopyranosido-2-methylthiohypoxanthine.—9-d-Xylopyranosido-2-methylthioadenine (88 mg.) was dissolved in 
n-sulphuric acid (16 c.c.), sodium nitrite (0-23 g.) added, and the solution maintained at 35° until gas evolution had virtually 
ceased (25 mins.). Sodium hydroxide was added to neutrality, and the solution concentrated to 20c.c. 9-d-Xylopyrano- 
sido-2-methylthiohypoxanthine separated and was recrystallised from water; colourless needles (20 mg.), m. p. 255° 
(Found, in material dried at 140°/I1 mm.: C, 42-3; H, 4:2; N, 17-6. C,,H,,0O;N,S requires C, 42-0; H, 4:3; N, 17°8%). 

6-A mino-5-thioformamido-4-triacetyl-d-xylosidamino-2-methylthiopyrimidine.—The above thioformamido-compound 
(6-5 g.) was acetylated by shaking for 30 mins. with pyridine (140 c.c.) and acetic anhydride (17 c.c.) and leaving the 
solution overnight. Excess of acetic anhydride was decomposed with alcohol (50 c.c.), and the solution: concentrated 
to small bulk under reduced pressure. The triacetyl derivative separated on standing, and was recrystallised from alcohol; 
colourless needles (4-4 g.), m. p. 209° (Found: C, 43-0; H, 5-1; N, 14-2. C,,H,,0,N,S, requires C, 43-1; H, 4:9; 5, 
14-8%). 

Cyclisation of 6-Amino-5-thioformamido-4-triacetyl-d-xylosidamino-2-methylthiopyrimidine—The above triacetyl 
derivative (3 g.) was refluxed in pyridine (15 c.c.) during 7 hrs. The brown solution was evaporated to dryness under 
reduced pressure, and the resinous residue dissolved in absolute alcohol (15 c.c.). On standing, a brownish crystalline 
solid separated; this was collected (A), and the mother-liquor (B) worked up as described below. é 

(A) Recrystallisation from absolute alcohol (charcoal) gave colourless needles (0-48 g.) of 6-triacetyl-d-xylosidamino- 
2-methylthiopurine, m. p. 254° (Found, in material dried at 100°/1 mm.: C, 46-0; H, 4:9; N, 15-4. C,,H,,0;N8 
requires C, 46-5; H, 4-8; N, 15-9%). 

(B) The alcoholic mother-liquor was evaporated to dryness, leaving a brown resin which was dissolved in dry chloro 
form (10 c.c.), and a solution of sodium (0-25 g.) in methanol (10 c.c.) added. On the following day the mixture was 
extracted with water (60 c.c.), the aqueous extract treated with charcoal and concentrated to ca. 40 c.c. On standing, 
9-d-xylopyranosido-2-methylthioadenine (120 mg., m. p. and mixed m. p. 278°) separated (Found: C, 42-0; H, 4%: 
N, 21-9. Calc. for C,,H,,0,N,S: C, 42-2; H, 48;. N, 22.4%). Further concentration of the mother-liquors gave 
material, m. p. ca. 218°, yielding after several recrystallisations 6-amino-5-formamido-4-d-xylosidamino-2-methy! thio 
pyrimidine, m. p. 232°. ! 

6-d-Xylosidamino-2-methylthiopurine—The above 6-triacetyl-d-xylosidamino-2-methylthiopurine (218 mg.) Wa 
dissolved in methanol (25 c.c.) saturated at 0° with ‘ammonia, and the solution set aside for 3 days. The product which 
had separated was collected, and a further crop was obtained by concentrating the mother-liquors. Recrystallised from 
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water, the xyloside formed colourless, hydrated needles, m. p. 235°, [a]}/** —20° (c = 0-15 in water) (Found: C, 40-4; 
H, 5:1; N, 21-0. C,,H,,0,N,S,H,O requires C, 39-9; H, 5-2; N, 21-1%). 

Readily soluble in sodium hydroxide, the xyloside was unaffected by nitrous acid; its absorption spectrum in 
n/20-hydrochloric acid showed maxima at 2490 a. (e, 30,800) and 2950 a. (e, 19,800), and in n/20-sodium hydroxide at 
9355 A. (€, 16,400) and 2880 a. (e, 15,000). Hydrolysed by boiling with dilute sulphuric acid, the substance yielded 
9-methylthioadenine (m. p. and mixed m. p. 295°) and d-xylose, isolated after acetylatiog as £-tetra-acetyl d-xylose (m. p. 
and mixed m. p. 123—124°). 

Final proof of structure was obtained by methylation: The xyloside (213 mg.) was suspended in absolute alcohol 
(50 c.c.), and a solution of sodium (0-016 g.) in alcohol (2 c.c.) added, followed by methyl iodide (0-05 c.c.). The solution 
was refluxed for 2 hrs., then evaporated to dryness and the residue recrystallised from water. 6-d-Xylosidamino- 
2-methylthio-9-methylpurine was obtained as colourless needles (40 mg.), m. p. 214° (Found: C, 40-9; H, 5-5; N, 20-2; 
Joss at 140°/1 mm., 8-8. C,,H,,0,N;S,2H,O requires C, 40-6; H, 5-6; N, 19-7; loss on drying, 9-0%). The methylated 
material was hydrolysed by refluxing for 2 hours with dilute sulphuric acid. On neutralising the resulting solution, 
9-methylthio-9-methyladenine separated, m. p. 262° undepressed in admixture with an authentic specimen. 

Reduction of 5-Nitroso-6-amino-4-d-xylosidamino-2-methylthiopyrimidine-I with Ammonium Sulphide.—Reduction 
of the nitroso-compound-I (3-5 g.) was carried out as described above for the Series II isomer, and to the hot aqueous 
solution of the product sodium dithioformate (6 g. in 50 c.c. of water) was added. On concentration of the solution to 
60 c.c. and allowing it to stand, 6-amino-5-formamido-4-d-xylosidamino-2-methylthiopyrimidine separated ; recrystallised 
from water (charcoal), it formed colourless hydrated needles, m. p. 232° (Found: C, 37-8; H, 5-5; N, 20-5; S, 10-0. 
C,,H,,OsN,S,H,O requires C, 37-8; H, 5-4; N, 20-1; S, 96%). Acetylation with acetic anhydride in pyridine in the 
cold gave a triacetyl derivative, m. p. 190—191° after slight sintering at 188° (Found: C, 45-1; H, 5-4; N, 15-3. 
Cy;Hg0gN 5S requires C, 44-6; H, 5-0; N, 153%). 

The product, m. p. 232° (200 mg.), was hydrolysed by boiling with dilute hydrochloric acid (1 c.c. of N + 10 c.c. of 
water) for 1 hr. Considerable darkening occurred, and the solution was cooled, neutralised, and concentrated to 2 c.c. 
The brown solid which separated was recrystallised from water (charcoal), giving almost colourless prisms which on heating 
melted at ca. 254° then resolidified and again melted between 280° and 290°. The same behaviour on heating was shown 
by a sample of 4 : 6-diamino-5-formamido-2-methylthiopyrimidine prepared by heating 4: 5 : 6-triamino-2-methylthio- 
pyrimidine with 98% formic acid (Found: C, 36-1; H, 4:7; N, 35-4. C,H,ON,S requires C, 36-2; H, 4-5; N, 35-2%) 
and by a mixture of the hydrolysis product with this substance. ' 

In another experiment reduction of the Series I nitroso-compound (1 g.) was repeated under similar conditions, and the 
crude product treated with aqueous sodium dithioformate in the cold. The solid obtained yielded on fractional crystal- 
lisation from water 6-amino-5-formamido-4-d-xylosidamino-2-methylthiopyrimidine (263 mg.), 6-amino-5-thioform- 
amido-4-d-xylosidamino-2-methylthiopyrimidine (91 mg.), and 9-d-xylopyranosido-2-methylthioadenine (70 mg.). 

Reductions with Aluminium Amalgam.—Series I. The nitroso-xyloside-I (0-58 g.) was suspended in water at 50°, 
aluminium amalgam (2 g.) added, and the mixture left overnight then filtered, the aluminium hydroxide being washed 
with hot water. Combined filtrate and washings were treated with sodium dithioformate in the usual manner, and the 
crystalline product which separated yielded on fractionation 6-amino-5-thioformamido-4-d-xylosidamino-2-methyl- 
thiopyrimidine (200 mg.) and 9-d-xylopyranosido-2-methylthioadenine (10 mg.). In a second experiment no purine 
was isolated, the product being a mixture of the 5-formamido- and the 5-thioformamido-compound. 

Series II. The nitroso-xyloside-II (2 g.) was reduced with aluminium amalgam in a similar manner, and the product 
thioformylated. Fractional crystallisation yielded 9-d-xylopyranosido-2-methylthioadenine (0-3 g.) and 6-amino- 
5-formamido-4-d-xylosidamino-2-methylthioadenine (0-25 g.). 

Desulphurisation of 2-Methylthio-9-methyladenine (by Dr. J. BAppILEY).—A solution of purine (0-2 g.) in alcohol 
(ld c.c.) was refluxed for 2 hrs. with Raney nickel (2 g., prepared according to Mozingo, Joc. cit.) and set aside for 24 hrs. 
The nickel was filtered off and extracted with boiling alcohol. Combined filtrate and extracts were evaporated to dryness, 
and the residue recrystallised from water. 9-Methyladenine was obtained as colourless prisms, m. p. 300° undepressed 
by an authentic specimen prepared by Kriiger’s method (Z. physiol. Chem., 1894, 18, 434). 

Conversion of 9-d-Xylopyranosido-2-methylthioadenine into 9-d-Xylopyranosidoadenine.—A suspension of 9-d-xylo- 
pyranosido-2-methylthioadenine (172 mg.) in pyridine (15 c.c.) was shaken with acetic anhydride (1-5 c.c.) until dissolved 
(2 hrs.), and the solution left overnight; it was then concentrated to 5 c.c., and alcohol (10 c.c.) added. After standing 
for a short time, the solution was evaporated, and the residue recrystallised from aqueous alcohol. 9-Triacetyl-d-xylo- 
pyranosido-2-methylthioadenine (200 mg.) was obtained as colourless needles, m. p. 192—193° (Found, in material dried 
at 140°/1 mm.: C, 46-5; H, 4-9; N, 15-9. C,,H,,0,N,S requires C, 46-5; H, 4-8; N, 15-9%). 

The above triacetyl derivative (183 mg.) was dissolved in absolute alcohol (30 c.c.), and the solution refluxed for 2 hrs. 
with Raney nickel (1-8 g., prepared according to Mozingo, Joc. cit.) and left overnight. The supernatant liquid was 
decanted and the nickel extracted with absolute alcohol (Soxhlet). The combined extracts and supernatant liquid were 
evaporated in a vacuum, and the residue dissolved in methanolic ammorffia (25 c.c. saturated at 0°). After 3 days the 
crystalline precipitate was collected and recrystallised from water; colourless needles, m. p. 293—294° undepressed in 
admixture with 9-d-xylopyranosidoadenine (m. p. 294—295°) synthesised by the method described in Part IX (loc. cit.) 
(Found : C, 45-4; H, 5-2; N, 26-1. Calc. for C,sH,,0,N,: C,.45-0; H, 4-9; N, 26-2%). 


The authors thank the Department of Scientific and Industrial Research for a maintenance allowance held by one of 
them (G. A. H.), and Imperial Chemical Industries Ltd. and Roche Products Ltd. for grants and gifts of materials. 
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148. Oxidative Ring Closure in the Friedel-Crafts Reaction. Part I. 
Condensation of 8-Naphthoyl Chloride with «-Methylnaphthalene. 


By GerarpD D. BUCKLEY. 


_ Condensation of p-na hthoyl chloride with a-methylnaphthalene in carbon disulphide solution in the cold 
im presence of 1 mol. of aluminium chloride gives the normal product, 4-methyl-1 : 2’-dinaphthyl ketone (1). Use 
of 2 or more mols. of aluminium chloride under identical conditions results in oxidative cyclisation to give 
4-methyl-9’ : 10’-benzomesobenzanthrone (V1) in good yield; this ring closure does not occur in solvents other 
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than carbon disulphide. The mesobenzanthrone is also formed in poor yield by treatment of the ketone. (I) with 
aluminium chloride in carbon disulphide solution. 
An improved preparation of 1 : 2: 6: 7-dibenzfluorenone (IV) from 2-bromo-3-naphthoic acid is described. 


In the preparation of 4-methyl-1 : 2’-dinaphthyl ketone (I) by the interaction of 8-naphthoyl chloride anj 
a-methylnaphthalene in presence of aluminium chloride in carbon disulphide solution, anomalous results wer 
obtained. The ketone (I) was isolated in 40% yield when only 1 mol. of aluminium chloride was used, but the 
use of 2-5 mols. afforded in 70% yield a yellow crystalline compound, C,,H,,0, m. p. 207°, having no ketoni 
properties. 

The structure of the ketone was proved by degradation to 1:2’-dinaphthyl ketone, and the compoun( 
C.,H,,O was shown to be 4-methyl-9’ : 10'-benzomesobenzanthrone (VI) by degradation. Oxidation with nitro. 
benzene and barium oxide, followed by decarboxylation gave a compound, C,,H,,0, closely resembling the 
vee compound in properties. This evidence indicated that the latter was formed by simple cyclisation o 

, and the compound C,,H,,O must therefore be represented by one of the structures (II)—(V). It differed 


WP OP 8 O& 


(II.) (IV.) 


markedly from 10: 11-benzomesobenzanthrone (II) (Martin, J., 1941, 682) and 1: 2: 5: 6-dibenzfluorenone 
(V) (Swain and Todd, J., 1941, 674) in m. p. and properties. 1:2:6: Sy Final! (IV), first described 
by Martin (loc. cit.), seemed more likely and it was therefore synthesised by a simplified route, viz., (IX) —> 
.(X) ——> (IV). The product appeared to be the same as that described by Martin, but was not identical with 


_ 8 
CO,H 
(IX.) 


the compound C,,H,,0, for which a fluorenone structure was ae rendered improbable by its failure to 
undergo reduction to a hydrocarbon by heating at 200—220° with hydrazine, or fission to a dinaphthylcarboxylic 
acid by fusion with potassium hydroxide. 

It was therefore concluded that it was 9: 10-benzomesobenzanthrone (III), and that the compound C,,H,,0 
was 4-methyl-9’ : 10’-benzomesobenzanthrone (V1). This was confirmed by oxidation of the latter with chromic 
acid; the product, after decarboxylation, was 2-methylnaphthacene-5 : 12-quinone (VIII), identified by 
comparison with an authentic specimen (Waldmann and Mathiowetz, Ber., 1931, 64, 1717). The complete 
series of reactions is formulated in the accompanying scheme. 


CH, 
Cum . CO AICI, (1 mol.) eee CH 
(I.) 


3 AICI, (2:5 mols.) AICI, (2 mols.) 


y 
0 CO,H 
CrO, CH, PhNO,-BaO 
—— ;: —_> 
6) 


¥en (VI.) (VIL.) 


Interaction of B-naphthoy] chloride and «-methylnaphthalene in presence of 2-5 mols. of aluminium chloride, 
excess of a-methylnaphthalene being used as solvent, yielded 4-methyl-1 : 2’-dinaphthyl ketone as the sole 
product; in nitrobenzene the product was a tar containing none of the mesobenzanthrone, and in light petroleum 
(b. p. 60—80°) only traces of the mesobenzanthrone were formed. Similarly, attempts to cyclise 4-methy! 
1 : 2’-dinaphthyl ketone by treatment with aluminium chloride in nitrobenzene, benzene, and light petroleum 
failed. 

It has long been known that 1l-aroylnaphthalenes may be cyclised to mesobenzanthrones by fusion with a 
large amount of aluminium chloride at relatively high temperatures (cf. Scholl and Seer, Annalen, 1912, 394, 
143), but there seems to be no recorded instance of the formation of a mesobenzanthrone directly from an acid 
chloride and a naphthalene derivative in the cold. It has, however, been shown (Ruzicka and Hésli, Helv. 
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Chim. Acta, 1934, 17, 470; Ruzicka and Morgeli, ibid., 1936, 19, 377) that 1 : 2-diarylethanes are cyclised to 
phenanthrene, chrysene, and picene derivatives by aluminium chloride in boiling carbon disulphide, but not in 
light petroleum. The fact that 4-methyl-1 : 2’-dinaphthyl ketone is cyclised only very slowly by aluminium 
chloride in cold carbon disulphide indicates that, although 4-methyl-9’ : 10’-benzomesobenzanthrone is formally a 
cyclisation product of this ketone, the ketone is not formed as an intermediate in the one-stage preparation of 
the benzanthrone. The evidence suggests that 6-naphthoyl chloride and «-methylnaphthalene combine with 
1 mol. of aluminium chloride to form a complex which on treatment with water gives 4-methyl-1 : 2’-dinaphthy] 
ketone, but which may under anhydrous conditions combine with carbon disulphide and a further 1 mol. of 
aluminium chloride to form a new complex which on treatment with water breaks down to 4-methyl-9’ : 10’- 
benzomésobenzanthrone. This hypothesis is in harmony with the results of experiments carried out in a closed 
system to determine the fate of the hydrogen which must be eliminated on cyclisation. These made it clear 


that, whereas no gas was evolved during the formation of the complex, hydrogen was liberated on treatment 
of the complex with water. 


EXPERIMENTAL. 
(Microanalyses by Mr. E. S. Morton. . M. p.’s are uncorrected.) 


4-Methyl-1 : 2’-dinaphthyl Ketone (I1).—Anhydrous aluminium chloride (7-5 g.) was added to a stirred mixture of 
§-naphthoyl chloride (9-5 g.), a-methylnaphthalene (8 g.), and carbon disulphide (40 c.c.) at 0—10°. The mixture was 
stirred at O—10° for 4 hours, poured into ice and dilute hydrochloric acid, and the solvent removed by steam-distillation. 
The residue was cooled and extracted with ether, and the extract washed with sodium carbonate solution, dried over 
potassium carbonate, and the solvent evaporated. Crystallisation of the residue from glacial acetic acid gave colourless 
needles (5-8 g.), m. p. 83—84°, soluble in concentrated sulphuric acid to give an orange-red solution (Found: C, 88-9; 
H, 5-4. Cy.H,,O requires C, 89-2; H, 5-4%). 

Degradation of 4-methyl-1:2’-dinaphthyl ketone. The ketone (5 g.), selenium dioxide (5 g.), and nitrobenzene (50 c.c.) 
were stirred and refluxed together for 12 hours. The solution was filtered from selenium, and the nitrobenzene removed 
by steam-distillation. The residual solid was collected and extracted thoroughly with boiling dilute sodium carbonate 
solution, the extract was acidified, and the precipitated carboxylic acid collected and dried (1-9 g.). The crude acid was 
boiled under reflux with quinoline (20 c.c.) and copper bronze (0-2 g.) for 6 hours. The mixture was poured into excess 
of dilute hydrochloric acid, and the precipitate collected, dried, and purified by sublimation at 110°/0-05 mm. and 
crystallisation from acetic acid. This gave colourless needles, m. p. 135° (Found: C, 88-9; H, 4-9. Calc. for C,,H,,O: 
C, 89:3; H, 495%). Tschitschibabin and Korjagin (Chem. Zentr., 1914, I, 1658) describe 1 : 2’-dinaphthyl ketone as 


colourless needles, m. p. 136—137°. 


4-Methyl-9’ : 10’-benzomesobenzanthrone (V1).—(a) From B-naphthoyl chloride and a-methylnaphthalene. B-Naphthoyl 
chloride (60 g.) was added slowly to a stirred mixture of a-methylnaphthalene (55 g.), anhydrous aluminium chloride 
(92 g:), and carbon disulphide (250 c.c.) at 0—10°. The mixture was stirred overnight at 20°, poured into ice and dilute 
hydrochloric acid, and left until the complex was completely decomposed. The solvent was removed by steam-distillation 
and, after cooling, the residual solid was collected and crystallised from acetic acid, giving 64 g. of yellow crystals, m. p. 


198—200°, soluble in concentrated sulphuric acid to give a brilliant blue-green solution. Recrystallisation from chloro- 
benzene gave golden-yellow needles, m. p. 207° (Found: C, 88-9; H, 4-6. C,,H,,O requires C, 89-75; H, 475%). 

(b) From 4-methyl-1 : 2’-dinaphthyl ketone. The ketone (1 g.), anhydrous aluminium chloride (1 g.), and carbon 
disulphide (10 c.c.) were stirred together at 20° overnight, and the mixture was then worked up as before. The ketone 
appeared to be largely unchanged, but after repeated recrystallisation from acetic acid there was isolated a crystalline 
ot (0-1 g.), m. p. 201—203°, identical in properties with the 4-methyl-9’ : 10’-benzomesobenzanthrone described 
above. 

(c) Examination of gaseous products. a-Methylnaphthalene (0-012 g.-mol.) was mixed with aluminium chloride 
(0-025 g.-mol.) and carbon disulphide (10 c.c.) in a flask fitted with a mercury-sealed stirrer and a reflux condenser and 
connected to a system for collecting evolved gases over water. B-Naphthoyl chloride (0-01 g.-mol.) was added, and the 
mixture stirred for 18 hours at 20°. The volume of gas in the system remained unchanged. The product was then 
poured into a large volume of ice and dilute hydrochloric acid, and the evolved gases were collected over water. The 
volume of gas in the system increased by 110 c.c. (ca. 0-005 g.-mol.), but some of the complex remained unaltered owing 
to the formation of waxy lumps, and it was impossible to overcome this difficulty in quantitative experiments. The 
evolved gas, which was inflammable and formed an explosive mixture with air, appeared to be hydrogen. 

A second experiment was carried out exactly as above, but the complex was decomposed by dropwise addition of 
x-hydrochloric acid (80 c.c.). The volume of gas in the system decreased initially by 25 c.c. and then increased by 50 c.c. 
as the addition proceeded, suggesting that the hydrogen formed was being partly removed by reaction with atmospheric 
oxygen. 

_ 9: 10-Benzomesobenzanthrone (II1).—4-Methyl-9’ : 10’-benzomesobenzanthrone (5 g.), barium oxide (12 g.), and dry 
nitrobenzene (50 c.c.) were stirred together in an oil-bath at 190—200° for 3 hours. The mixture was cooled, poured into 
excess of dilute hydrochloric acid, and freed from nitrobenzene and azobenzene by steam-distillation. After cooling, the 
solid was collected, washed free from acid, and extracted thoroughly with boiling dilute sodium hydroxide solution. 
After treatment with kieselguhr, the extract was acidified, and the precipitate collected, washed with water, and dried 
(525 g.). A specimen was further purified by dissolving it in 0-5% sodium hydroxide solution (200 c.c.). The solution 
was allowed to cool slowly, and the crystalline sodium salt was collected, washed with 2% brine, and converted into 
the free 9’ : 10’-benzomesobenzanthrone-4-carboxylic acid (VII), which was isolated as an orange powder, m. p. above 
gf ree ge gen cams sulphuric acid to give a green solution (Found: C, 80-5; H, 4:05. C,,H,,0,° requires 

’ ’ , vo 0}: 

The crude acid (2 g.) was mixed with copper-bronze (0-2 g.) and quinoline (20 c.c.) and stirred and refluxed for 6 hours. 
After cooling, the mixture was poured into excess of dilute hydrochloric acid, and the precipitate was collected, dried, 
and crystallised from toluene. Sublimation at 200—210° /0-002 mm. and recrystallisation from toluene gave golden- 
yellow needles, m. p. 199—200°, soluble in concentrated sulphuric acid to give a brilliant blue-green solution (Found : 
(89-9; H, 4-0. C,,H,,O requires C, 90-0; H, 4:3%). 

Oxidation of 4-Methyl-9’ : 10’-benzomesobenzanthrone with Chromic Acid.—4-Methyl-9 : 10’-benzomesobenzanthrone 
(5 8.) was dissolved in 98% sulphuric acid (25 c.c.) at 10—20° and poured into water (200 c.c.). The suspension was 
stirred at the boil, and crystalline sodium dichromate (15 g.) slowly added. The mixture was stirred and refluxed over- 
ught, cooled, and the precipitate collected and extracted thoroughly with boiling dilute sodium hydroxide. The extract 
Was acidified, and the carboxylic acid isolated as a dark brown powder (0-8 g.). 
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The crude acid was decarboxylated by refluxing with quinoline (8 c.c.) and copper-bronze (0-1 g.). The product, 
after sublimation at 170°/0-06 mm., consisted of pale yellow needles, m. p. 243° (Found: C, 83-75; H, 4-55. Cale. for 
C,,H,,0,: C, 83-8; H, 4-45%). -It dissolved in alkaline sodium hyposulphite (hydrosulphite) solution to form a green 
vat, and in concentrated sulphuric acid to give a red-violet solution, and did not depress the m. p. of an authentic specimen 
of 2-methylnaphthacene-5 : 12-quinone, prepared by the method of Waldmann and Mathiowetz (Ber., 1931, 64, 1717). 

1: 2:6: 7-Dibenzfluorenone (IV).—2 : 2’-Dinaphthyl-3 : 3’-dicarboxylic acid (5-4 g.), prepared as described by 
Martin (loc. cit.), was dissolved in cold 98% sulphuric acid (55 c.c.), heated on the steam-bath for 5 minutes, and poured 
into ice water. The precipitate was collected, washed with water, stirred with cold methyl alcohol, collected, and washed 
with methyl alcohol until free from mineral acid. The resulting yellow powder (3 g.) was sparingly soluble in dilute 
sodium hydroxide solution and, after crystallisation from acetic acid, had m. p. 304—305°. This 1’: 2’ : 6’ : 7’-dibenz. 
fluorenone-4-carboxylic acid (X) was decarboxylated in the usual way, and the crude product purified by crystallisation 
from f-ethoxyethyl alcohol, sublimation at 190—200°/0-04 mm., and recrystallisation from xylene, which gave orange. 
yellow plates, m. p. 214°, soluble in concentrated sulphuric acid to give a bluish-red solution. Martin (loc. cit.) describes 
1 : 2: 6: 7-dibenzfluorenone as orange plates, m. p. 211°, giving a carmine-red solution in concentrated sulphuric acid 
(Found : C, 89-6; H, 4:55. Calc. for C,,H,,.0: C, 90-0; H, 4:3%). 


The author thanks Dr. H. A. Piggott for encouragement and valuable advice. 
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149. Oxidative Ring Closure in the Friedel-Crafts Reaction. Part II. 
Condensation of Aromatic Acid Chlorides with Naphthalene Derivatives. 


By GERARD D. BUCKLEY. 


The formation of mesobenzanthrone derivatives is shown to occur when a f-naphthoyl or 2-phenanthroy! 
chloride is condensed with an a-alkylnaphthalene in presence of at least 2 mols. of aluminium chloride in carbon 
disulphide solution. Use of benzoyl, a-naphthoyl, and 3-phenanthroyl chlorides led only to ketone formation. 
No mesobenzanthrone was formed when the a-alkylnaphthalene was replaced by naphthalene, B-methy]- 
naphthalene, a-bromonaphthalene, or 8-methylquinoline, but some indication of cyclisation was observed in 
the reaction of B-naphthoyl chloride with a-ethylanthracene. 


THE formation of 4-methyl-9’ : 10’-benzomesobenzanthrone (I; R = Me) by interaction of 8-naphthoyl chloride 
and «-methylnaphthalene in carbon disulphide in presence of at least 2 mols. of aluminium chloride is described 
in the preceding paper. It is evident that mesobenzanthrone formation under these conditions must be a 
specific reaction restricted to relatively unusual combinations of acid halide and hydrocarbon, since, although 
the Friedel-Crafts and allied reactions have been exhaustively investigated by many workers during the last 
80 years, no other case of mesobenzanthrone formation under Friedel-Crafts conditions has been recorded. 

Experiments have now been carried out to determine the limits within which the constitution of the acid 
chloride and the hydrocarbon derivative may be varied without inhibiting the reaction. 

A series of acid chlorides was caused to react with «-methylnaphthalene by the aid of 2-5 mols. of alum- 
inium chloride under the conditions previously described for the formation of (I; R = Me). Benzoyl chloride 
gave only 4-benzoyl-l-methylnaphthalene, no .4-methylmesobenzanthrone being formed (cf. Mayer, Flecken- 
stein, and Gunther, Ber., 1930, 63, 1464), and a-naphthoyl chloride gave only 4-methyl-1 : 1’-dinaphthy] ketone 
(cf. Cook and Robinson, J., 1938,-505). 3-Phenanthroyl chloride gave a colourless product, C,,H,,O, m. p. 
129°, which dissolved in sulphuric acid to give a red solution and was presumed to be 4-methyl-1-naphthyl 
3'-phenanthryl ketone (II). Identical results were obtained when the above experiments were repeated with 
5 mols. of aluminium chloride. Quinoline-6-carboxyl chloride gave no identifiable products. 


(III.) 
(I.) gt Qh 
3 0 


yy (II.) 


2-Phenanthroyl chloride, however, condensed with «-methylnaphthalene in presence of 2-5 mols. of alum- 
inium chloride to give a 20% yield of a yellow, crystalline substance, C,,H,,O, m. p. 268—269°, which dissolved 
in concentrated sulphuric acid to give a deep brown solution. This was clearly a cyclisation product and, by 
analogy with the product from $-naphthoyl chloride, is considered to be 4-methyl-9’ : 10’ : 2” : 1’-naphtho- 
mesobenzanthrone (III). Under similar conditions 6-methyl-2-naphthoyl chloride gave a yellow crystalline 
product, m. p. 244—245°, which dissolved in concentrated sulphuric acid to give the brilliant blue-green colour 
characteristic of the 9: 10-benzomesobenzanthrone system, and must therefore be 4: 11-dimethyl-9' : 10’- 
benzomesobenzanthrone (IV). 


(IV.) ay H, 


6 
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The reaction of various derivatives of naphthalene and related compounds with $-naphthoy} chloride was 
next investigated under similar conditions. Naphthalene itself gave the usual mixture of a- and §-naphthyl 
ketones, and B-methylnaphthalene gave exclusively 2-methyl-1 : 2’-dinaphthyl ketone. «-Chloro- and «-bromo- 
naphthalenes gave mixtures, from which no definite products were isolated but which did not give the character- 
jstic colour reaction of the 9: 10-benzomesobenzanthrones with sulphuric acid. «-Ethylnaphthalene and 
1:2:3: 4tetrahydrophenanthrene gave products (I; R = Et) and (V), respectively, having the typical 
properties of the benzomesobenzanthrones. Acenaphthene with 2-5 mols. of aluminium chloride gave only 
5-p-naphthoylacenaphthene (V1), but with 5 mols. of condensing agent a 10% yield of the cyclisation product, 
3: 4-ace-9 : 10’-benzomesobenzanthrone (VII), was isolated. 


(oe SE CORE ope Sor 
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Under the conditions employed, acenaphthenone and 8-methylquinoline failed to react with $-naphthoyl 
chloride amd were recovered unchanged. 1-Ethylanthracene gave only a tar, from which no crystalline 
product could be isolated, but the crude material gave a green colour with sulphuric acid; some ring closure 
may therefore have occurred in this case. Perinaphthane gave resinous products when 2-5 mols. of aluminium 


chloride were used, but 6-8-naphthoylperinaphthane (VIII) was isolated in good yield when only 1 mol. of 
condensing agent was used. 


Finally, 4-methyl-1-naphthoyl chloride was condensed with naphthalene in presence of 2-5 mols. of alum- 
inium chloride. This was expected to lead to the formation of a mixture of 4-methyl-1 : 1’-dinaphthyl ketone 
and 4-methyl-9’ : 10’-benzomesobenzanthrone (I; R = Me). The product, however, contained no trace of the 


mesobenzanthrone but appeared to consist of a mixture of ketones, from which only 4-methyl-1 : 1’-dinaphthy] 
ketone was isolated in a pure state. f : 


The above results make it clear that mesobenzanthrone formation can occur in the Friedel-Crafts reaction 
when one of the reacting substances is a 8-naphthoyl or 2-phenanthroyl chloride and the other is a naphthalene 
or anthracene derivative capable of undergoing condensation and having an alkyl substituent in the «-position. 
Knowledge of the reaction is at present too limited to warrant the formulation of theories to account for the 
occurrence of cyclisation in these cases or for its failure to occur more generally in the Friedel-Crafts reaction. 


Elucidation of these problems must await a clearer understanding of the course of the reaction and the nature 
of the intermediate complexes. 


EXPERIMENTAL. 

(Analyses are by Mr. E. S. Morton. M. p.’s are uncorrected.) 

Condensation of Aromatic Acid Chlorides with Naphthalene and Anthracene Derivatives.—The following standard 
conditions were used : The naphthalene derivative (1-2 mols.), dissolved in carbon disulphide (5 vols.), was treated with 
powdered aluminium chloride (2-5 mols., except where otherwise stated), and the mixture stirred and cooled to 0°. The 
acid chloride (1 mol.) was added during 30 minutes at 0—10°, and the mixture was stirred at 20° for 18 hours, then 
poured into ice and dilute hydrochloric acid, and the solvent removed by steam-distillation. The residue was cooled, and 
the crude product collected on a filter or extracted with ether. 

. Benzoyl chloride and a-methylnaphthalene. Distillation of the crude product in a vacuum gave an 80% yield of 4-benzoyl- 
l-methyInaphthalene as a pale yellow oil, b. p. 235—240°/9 mm., which solidified on long standing, m. p. 67—-69° (cf. 
Mayer, Fleckenstein, and Gunther, Joc. cit.). A small tarry rgsidue which remained appeared to contain no 4-methyl- 
mesobenzanthrone. 

a-Naphthoyl chloride and a-methylnaphthalene. The crude product was crystallised repeatedly from acetic acid, giving 
colourless plates of 4-methyl-1 : 1’-dinaphthyl ketone, m. p. 100° (cf. Cook and Robinson, Joc. cit.). 

3-Phenanthroyl chloride and a-methylnaphthalene. Crystallisation of the crude product from f-ethoxyethyl alcohol 
gave a 40% yield of 4-methyl-1-naphthyl-3’-phenanthryl ketone (II), colourless needles, m. p. 129°, soluble in concentrated 
sulphuric acid to give a red solution (Found: C, 89-45; H, 5-4. C,,H,,O requires C, 90-15; H, 5-2%). 

2-Phenanthroyl chloride and a-methylnaphthalene. Crystallisation of the crude product from chlorobenzene gave a 
0% yield of golden-yellow needles of a polycyclic compound, probably 4-methyl-9’ : 10’ : 2” : 1’-naphthomesobenz- 
anthrone (III), m. p. 268—269°, soluble in concentrated sulphuric acid to give a brown solution (Found: C, 90-0; H 
4%, C,.H,,0 oe C, 90-7; H, 4-65%). 

-Methyl-2-nap thoyl chloride and a-methylnaphthalene. The crude product was crystallised from chlorobenzene and 
fom £-ethoxyethyl alcohol, giving greenish-yellow needles of 4 : 11-dimethyl-9’ : 10’-benzomesobenzanthrone (IV), m. p. 
%4—245°, soluble in concentrated sulphuric acid to give a blue-green solution (Found: C, 89-05; H, 4-9. C,,;H,,0, 
requires C, 89-6; H, 5-2%). 

8-Naphthoyl chloride and B-methylnaphthalene. Crystallisation from acetic acid gave colourless crystals, m. p. 135— 
od in 60% yield, identical in properties with the 2-methyl-1l : 2’-dinaphthyl ketone of Fieser and Dietz (Ber., 1929, 62, 

) 


8-Naphthoyl chloride and a-ethylnaphthalene. Crystallisation of the crude product from acetic acid and from toluene 
gave a 10% yield of 4-ethyl-9’ : 10’-benzomesobenzanthrone (1; R = Et), golden-yellow plates, m. p. 192°, soluble in 
concentrated sulphuric acid to a blue-green solution (Found: C, 89-1; H, 5-25. C,,;H,,O requires C, 89-6; H, 5-2%). 
8-Naphthoyl chloride and 1 : 2: 3: 4-tetrahydrophenanthrene. Crystallisation of the crude product from chlorobenzene 
* a 45% yield of orange needles of 4: 5: 6: 7-tetrahydro-4’ : 5’ : 9’ : 10’-dibenzomesobenzanthrone (V). m. p. 230°, 


ow in concentrated sulphuric acid to a brilliant blue-green solution (Found: C, 89-4; H, 5-6. C,,H,,O requires 
», 89-8; H, 5-49 


8-Naphthoyl Chionide and Acenaphthene.—(a) With 2-5 mols. of aluminium chloride. Crystallisation of the crude pro 
‘het from light petroleum (b. p. 60—80°) and from acetone gave a 30% yield of 5-8-naphthoylacenaphthene (V1), as pale 
QQ 
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yellow plates, m. p. 128°, which dissolved in concentrated sulphuric acid to give a red solution (Found : C, 89-85; H, 5-4 
Cc Hor uires C, 89-6; H,5:2%). 

(b) With 5 mols. of aluminium chloride. The crude product was crystallised from acetic acid, sublimed at 200_ 
220°/0-01 mm., and recrystallised from chlorobenzene to give a 10% yield of orange-yellow needles of 3 : 4-ace-9’ : ly. 
benzomesobenzanthrone (VII), m. p. 204°, soluble in concentrated sulphuric acid to give a blue-green solution (Found: 
C, 90-3; H, 4:75. C,3H,,O requires C, 90-2; H, 4-55%). 

B-Naphthoyl Chloride and Pevinaphthane.—Reaction under the usual conditions gave only resinous products. There. 
fore powdered aluminium chlonde (0-75 g.) was added during 30 minutes to a stirred mixture of B-naphthoyl chloride 
(0-95 g.), perinaphthane (0-9 g.), and carbon disulphide (10 c.c.), at0—5°. The mixture was stirred at 0O—5° for 3 hours, 
poured into ice water, and the solvent removed by steam-distillation. After cooling, the residue was extracted with 
ether, and the extract washed with dilute sodium hydroxide solution and dried over potassium carbonate. After removal 
of the ether, the residue was crystallised from light petroleum (b. p. 60—80°) and from acetic acid, giving 6-B-naphthoyi- 
perinaphthane (VIII) as colourless plates, m. p. 122—123°, soluble in concentrated sulphuric acid to give an orange-red 
solution (Found: C, 89-6; H, 6-25. C,,H,,0 requires C, 89-45; H, 5-6%). 

B-Naphthoyl Chloride and a-Ethylanthracene.—The product was a red tar which gave a dull green coloration with 
sulphuric acid. Attempts to isolate a pure compound were unsuccessful. 

4-Methyl-1-naphthoyl Chloride and Naphthalene.—Distillation of the crude product in a vacuum gave a viscous yellow 
liquid, b. p. 250—255°/0-05 mm., which partly crystallised on standing. The crystals were collected, washed with a little 
acetone, and repeatedly recrystallised from acetic acid, giving 4-methyl-1 : 1’-dinaphthyl ketone, m. p. 99—100°. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, RESEARCH LABORATORIES, 
BLACKLEY, MANCHESTER, 9. [Received, May 18th, 1945,] 





150. Synthesis of Amino-sulphones.* 


By Atan A. GOLDBERG and (in part) DonaLp M. BEs ty. 


A general method for the synthesis of p-aminobenzenesulphonylalkylcarboxylic acids has been evolved, and 
a series of these compounds prepared for examination as bacterial inhibitors.. Observations have been made 
on the stability of a-sulphonyl carboxylic acids and 1 : 3-sulphone ketones, and two new syntheses of p-amino- 
phenylmethylsulphone by the hydrolytic scission of such compounds have been recorded. 


Tue high antibacterial activity of 4: 4’-diaminodiphenylsulphone and allied compounds has led to the belief 
that the molecular grouping essential for activity is the NH,°C,H,*S complex (Green and Bielschowsky, Brit. 
J. Exp. Path., 1942, 28, 13; also compare Fourneau ef al., Compt. rend. Soc. Biol., 1938, 127, 393). Because 
of the high toxicity of 4 : 4’-diaminodiphenylsulphone it was thought desirable to examine a series of p-amino- 
benzenesulphonylalkylcarboxylic acids, since these would be expected to be less toxic. 

Two general methods appeared suitable for the preparation of these acids, viz., (i) the condensation of 
p-acetamidobenzenesulphonyl chloride with the sodio-derivatives of ethyl acetoacetate or ethyl malonate, 
followed by ‘‘ acid” hydrolysis of the product, and (ii) the condensation of alkali p-acetamidobenzenesu|ph- 
inates with halogenoalkylcarboxylic acids or their functional derivatives. Toluene-p-sulphonylacetic acid 
has been obtained by both methods (Kohler and Macdonald, Amer. Chem. J., 1899, 22, 234; cf. also Ashley 
and Schriner, J. Amer. Chem. Soc., 1932, 54, 4410). 

Interaction of p-acetamidobenzenesulphony] chloride with ethyl sodio-malonate in alcohol or benzene gave 
a condensate which, although insoluble in the usual solvents, was instantly soluble in dilute cold aqueous 
alkalis; hydrolysis with hot aqueous alkalis yielded sulphanilic acid. By the action of sodium p-acetamido- 
benzenesulphinate upon ethyl bromomalonate a condensate was obtained possessing the same properties. 
The solubility in alkali together with the apparent identity of the two products would suggest that in both 
cases ethyl p-acetamidobenzenesulphonylmalonate is produced and that hydrolysis effects rupture of the 
carbon-sulphur bond, with formation of sulphanilic acid. Exactly comparable results were obtained by con- 
densation of p-acetamidobenzenesulphony] chloride with ethyl sodio-acetoacetate and of sodium p-acetamido- 
benzenesulphinate with ethyl acetochloroacetate; in both instances sodium halide was eliminated, with pro- 
duction of a condensate which yielded sulphanilic acid upon alkaline hydrolysis. These observations may be 
correlated with those of Kohler and Macdonald (/oc. cit.) upon the formation of sodium p-toluenesulphonate 
by the interaction of sodium p-toluenesulphinate and ethyl acetochloroacetate. 

Condensation, of sodium p-acetamidobenzenesulphinate with ethyl chloroacetate in boiling amy] alcohol 
or toluene gave ethyl p-acetamidobenzenesulphonylacetate in good yield. Anhydrous ethyl-alcoholic hydrogen 
chloride effected deacetylation to ethyl p-aminobenzenesulphonylacetate, but hydrolysis with aqueous hydro- 
thloric acid yielded p-aminobenzenesulphonylacetic acid. Alkaline hydrolysis of the ethyl p-acetamidobenzene- 
sulphonylacetate was unsuitable owing to partial decarboxylation (see below). The method would appear 
to be of general application, since sodium p-acetamidobenzenesulphinate has been condensed with ethy! 
a-bromopropionate, «-bromobutyrate, and -chloropropionate, and in all cases the yields of the ethyl 
p-acetamidobenzenesulphonylalkylcarboxylate, ethyl p-aminobenzenesulphonylalkylcarboxylate and p-amino- 
benzenesulphonylalkylcarboxylic acid were high. 

In boiling aqueous solution sodium p-acetamidobenzenesulphinate condenses readily with sodium chloro- 
acetate but the product depends upon the duration of the reaction. In 2—4 hours a high yield of p-acetamido- 
benzenesulphonylacetic acid is obtained, but longer reaction causes simultaneous decarboxylation, with formation 


* The major of this work was carried out in 1942 and filed at the Patent Office on October 23rd, 1942: Serial 
Number 563558 (August 21st, 1944). Publication was delayed by an Official Secrecy Order. 
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of p-acetamidophenylmethylsulphone. The proportions of sulphonylcarboxylic acid and neutral sulphone pro- 

0). duced after 7 and 20 hours are of the order of 60:.1 and 15: 85, respectively; they may be separated by 

10. evaporation of the reaction solution to dryness and extraction of the neutral sulphone with hot acetone, in 

ind: # which the sodium salt of the sulphonyl-carboxylic acid is insoluble. After 30 hours’ interaction at the boiling 

point the decarboxylation is complete but is accompanied by partial deacetylation; by hydrolysis of the 
ride (| product with dilute acid or alkali very high yields of p-aminophenylmethylsulphone are obtained. Decarboxyl- 
urs, M™ ation of a-sulphonyl-carboxylic acids by aqueous alkali has been previously observed by Tréger and Uhde 

with (J. pr. Chem., 1899, 59; 334), Kohler and Rainer (Amer. Chem. J., 1904, 31, 176), and also in U.S.P. 1,939,416, 

B.P. 404,794, and F.P. 746,410, but decarboxylation in neutral aqueous solution has not previously been re- 

ted ported. p-Aminobenzenesulphonylacetic acid is stable on long boiling in 5N-hydrochloric acid and also in 

aqueous solution at the pH ca. 3-5 which the amino-acid itself develops; the boiling aqueous solution of the 
with Hi sodium salt (pH 7-2) slowly loses carbon dioxide, the decarboxylation being complete in 30—35 hours. 
p-Aminobenzenesulphonylacetic acid possesses a lower in vivo activity against Streptococcus Aronson 

ittle Mg infections in mice than sulphanilamide; the median lethal dosage (LD 50), however, is of the order of 12-0 
g./kg., as compared with 2-0 g./kg. for sulphanilamide. In rabbits, p-aminobenzenesulphonylacetic acid 
efiects potentiation of insulin hypoglycemia (Goldberg and Jefferies, in the press). 

5] Sodium p-acetamidobenzenesulphinate rapidly condenses with sodium dichloroacetate in hot aqueous 
solution to yield p-acetamidophenyl(chloromethyl)sulphone, which on hydrolysis gives p-aminophenyl(chloro- 
methyl)sulphone. The failure to isolate the intermediately formed p-acetamidobenzenechloroacetic acid may 
be compared with the observations of Michael] and Adair (Ber., 1877, 10, 583), Otto (J. pr. Chem., 1889, 40, 
527), Otto (Ber., 1886, 19, 1835), Ranberg (Z. physiol. Chem., 1900, 34, 586), and Fonque and La Croix (Bull. 
Soc. chim., 1923, 38, 180) upon the spontaneous decomposition of intermediately formed «-chloro-«-sulphonyl- 
carboxylic acids at room temperature. Interaction of 2 mols. of the sodium sulphinate with 1 mol. of sodium 
dichloroacetate also gave p-acetamidophenyl(chloromethyl)sulphone. The halogen substituent in the latter 
completely resists replacement; the compound fails to react with ammonia at 100°, or with cyclohexylamine or 
aniline at temperatures above 120° even in the presence of a copper catalyst. The deactivation of a halogen 

substituent for metathesis by an «-sulphonyl group has been observed by Zeigler and Connor (J. Amer. Chem. 
elie Hi Soc, 1940, 62, 2596), Kostova (J. Gen. Chem. Russia, 1941, 11, 63), Johnson and Douglas (J. Amer. Chem. Soc., 

Brit. M1941, 68, 1571), and Schriner and Land (J. Org. Chem., 1941, 6, 888), and it may be contrasted with the high 

ause HE reactivity of the halogen in $-halogenosulphonyl compounds (Alexander and McCombie, J., 1931, 1913; Gold- 

NO- Hi berg, this vol., p. 464). 

Sodium p-acetamidobenzenesulphinate and chloroacetonitrile gave p-acetamidobenzenesulphonylaceto- 
nitrile, which was deacetylated by boiling 3-3n-hydrochloric acid to p-aminobenzenesulphonylacetonitrile; this 
was converted by the normal routes into p-aminobenzenesulphonyl-thioacetamide, -acetamidoxime, and -acetami- 
dine (as hydrochloride). None of these compounds possesses any observable activity against Tr. equiperdum 
infections in mice. 

Sodium p-acetamidobenzenesulphinate reacted readily with phenacyl bromide in boiling amyl alcohol 
solution to, give p-acetamidophenylphenacylsulphone. The compound is stable towards boiling dilute mineral 
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ave Mi acid as far as the 1 : 3-sulphone ketone complex is concerned and gives p-aminophenylphenacylsulphone in good 
cous Mi yield. With 2-5n-aqueous alkalis, however, hydrolytic scission of the sulphur—carbon bond takes place with 
Hoe production of p-aminophenylmethylsulphone and benzoic acid; since the hydrolysis is quantitative, this 
rties. 


constitutes an alternative facile route to this sulphone. p-Acetamidophenyl-p'-bromophenacylsulphone behaves 
in the same manner and gives quantitative yields of the same sulphone and p-bromobenzoic acid. Similar 
hydrolytic cleavage of 1: 3-sulphone ketones by means of concentrated alkali has been observed by Otto 
(J. pr. Chem., 1887, 36, 427) and Troger e¢ al. (ibid., 1897, 55, 411; J923, 105, 208; 1926, 112, 221). 
Ethylation of p-acetamidophenylphenacylsulphone with alcoholic sodium ethoxide and ethyl iodide afforded 
the C-ethyl derivative, which on alkaline hydrolysis yielded p-aminophenyl-n-propylsulphone and benzoic acid. 
Since the overall yield of this sulphone from sodium p-acetamidobenzenesulphinate was ca. 25%, this method 


isa useful route to sulphones not obtainable from the direct interaction of the sodium sulphinate and an alky] 
halide. 
cohol 


EXPERIMENTAL. 
rogen 


dg _ Ethyl p-A cetamidobenzenesulphonylacetate.—Anhydrous sodium p-acetamidobenzenesulphinate (44-2 g.) was refluxed 
y with a solution of ethyl chloroacetate (24-4 g.) in xylene (300 c.c.) containing a trace of copper powder for 5 hours, an 
zene-@@ almost clear solution being then obtained. The xylene was removed by distillation in steam, and the residual oil, which 
ppear solidified on cooling, was collected and recrystallised from the minimal quantity of 90% alcohol, the ethyl ester being 
ethyl °>tained (40 g.) in long white needles, m. p. 120—122°. For analysis it was recrystallised from ethanol—benzene-ligroin 
thvl and obtained in white needles, m. p. 122—124° (Found: N, 5-1; S, 11-4. C,,H,,0,NS requires N, 4-9; S 11-2%). 
= Ethyl p-A ne RI gong ay ‘solution of the foregoing ester (20 g.) in a saturated anhydrous alcoholic 
mino-#@j solution of hydrogen chloride (200 c.c.) was refluxed on the water-bath for 14 hours. A white crystalline precipitate 
Was rapidly formed, and the contents of the flask finally set to a semi-solid white crystalline mass. The ethyl p-amino- 
sloro-fm 'nzenesulphonylacetate hydrochloride was collected and, after being washed with ether and dried at 90°/10 mm., had 
iden m. p. 198—200° (18-5 g.) (Found: N, 5-3; Cl, 12-4; S, 11-6; M, by titration, 279. C,9H,,O,NCIS requires N, 5-0; 
- (12-7; S, 11-4%; M, 279-5). 
This hydrochloride (15 g.) was dissolved in the minimum amount of boiling water, and the amino-ester precipitated 
Serial y addition of the theoretical quantity of sodium bicarbonate in concentrated aqueous solution. After cooling on. ice, 
the solid was collected and recrystallised from dilute alcohol, ethyl p-aminobenzenesulphonylacetate being obtained in 
glittering white leaves (11 g.), m. p. 112—114° (Found: N, 6-0; S, 13-0. C,gH,,0,NS requires N, 5-8; S, 13-1%). 


both 
f the 
con- 
nido- 

pro- 
vy be 
nate 


568 Goldberg and Besly : Synthesis of Amino-sulphones. 


p-A minobenzenesulphonylacetamide—Ethyl p-aminobenzenesulphonylacetate hydrochloride (5 g.) and aqueous 
ammonia (20c.c.; d 0-880) were shaken in a closed bottle with glass beads for 3 hours. The insoluble amide was collected 
and recrystallised from 50% methyl alcohol, and obtained as heavy white prisms (4 g.), m. p. 220—222° (Found: N, 
13-3; S, 14:8. C,H,,O,N,S requires N, 13-1; S, 14:9%), soluble in boiling water. p-Acetamidobenzenesulphonylacetamid, 
was obtained in the same manner from ethyl p-acetamidobenzenesulphonylacetate in almost theoretical yield ; it crystal. 
lised rag Ag alcohol in white tablets, m. p. 194—196° (Found: N, 11-1; S, 12:3. C,9H,,0O,N,S requires 
N, 10-9; S, 12-5%). 

p-Aminobenzenesulphonylacetic Acid.—A suspension of ethyl p-acetamidobenzenesulphonylacetate (57 g.) in 5y- 
hydrochloric acid (320 c.c.) was refluxed for 75 minutes, and the clear solution thus obtained was filtered (charcoal) ang 
evaporated in a vacuum on the water-bath to very small volume. After standing on ice the p-aminobenzenesulphony|- 
acetic acid hydrochloride separated as a mass of fine needles, which were drained at the pump and washed with a little 
alcohol-ether; yield 41 g.; m. p. 214—216° (decomp.) (Found: Cl, 14:2; M, by titration as a dibasic acid, 253, 

The hydrochloride (40 g.) was dissolved in boiling water (38 c.c.) and the theoretical amount of 5n-sodium hydroxide 
(31 c.c.) slowly added with rapid stirring; after standing for several hours in the ice-chest, the thick precipitate of the 
free acid was well drained at the pump and dried (32 g.; m. p. 158—162°). Recrystallisation from the minimum amount 
of boiling water (ca. 95 c.c.) comtaining hydrochloric acid (3 c.c.) gave the pure compound in stellate clusters of stout 
white prisms, m. p. 162—164° (26 g.) (Found: N, 6-6; S, 15-0; M, by titration, 215. C,H,O,NS requires N, 6-5; S 
14:9%; M, 215). ; 

Ag Reh + + Acid.—p-Acetamidobenzenesulphinic acid (199 g.) and chloroacetic acid (95 g) 
were dissolved in water (500 c.c.) and 5N-sodium hydroxide (400 c.c.), and the solution adjusted to pH _7-0—7-2 by addi- 
tion of traces of the sulphinic acid or sodium hydroxide solution. The clear solution was refluxed over a flame for 2} 
hrs. and then evaporated in a vacuum on the water-bath during a further 2} hrs. The volume was made up to 580 c.c. 
by addition of water and then, with rapid stirring, hydrochloric acid (150 c.c.) was slowly added. After standing on ice 
for several hours the thick white precipitate was collected, drained at the pump, and recrystallised from the minimum 
amount of boiling water (1150 c.c.), p-acetamidobenzenesulphonylacetic acid being obtained in stout white needles (135 ¢.), 
m. p. 196—198° (Found: M, 266). Recrystallisation of a sample from water gave the pure compound in white needles, 
m. p. 206—208° (decomp.) (Found: N, 5-7; S, 12-6; M, by titration, 258. C,.H,,O,NS requires N, 5-5; S, 12-5%; 
M, 257). 

sd itadtinsinhanitatdindiatie Acid.—A solution of the last acid (120 g.) in 5n-hydrochloric acid (600 c.c.) was 
refluxed over a flame for 1} hours and then concentrated to small volume at reduced pressure on the water-bath with 
oceasional addition of acetone to assist evaporation. The residual semi-solid mass was kept on ice, drained at the pump, 
and the crystalline residue of p-aminobenzenesulphonylacetic acid hydrochloride washed with acetone—ether and dried; 
yield 102 g.; m. p. 206—208° (decomp.) (Found: M, by titration, 260. C,H,O,N,HCI requires M, 251-5). This was dis- 
solved in boiling water (80 c.c.), the theoretical amount of 5n-sodium hydroxide (80 c.c.) added with vigorous stirring, 
the semi-solid mass chilled, and the p-aminobenzenesulphonylacetic acid collected (86 g.), m. p. 1I58—160° (Found: M, 
220); recrystallisation from boiling water (220 c.c.) containing hydrochloric acid (10 c.c.) gave the pure acid as stout 
white needles (70 g.), m. p. 162—164° (Found: N, 6-7; S, 15-0; M, by titration, 215. - Calc.: N, 6-5; S, 149%; M, 
215). 

Stabitity im aqueous solutions at various pH values. (i) A solution of p-aminobenzenesulphonylacetic acid (5 g.) in 
5n-hydrochloric acid (15 c.c.) was heated at 100° (immersion) for 20hours. 5n-Sodium hydroxide (15 c.c.) was added and, 
after standing on ice for 12 hours, the precipitate was collected, drained, and dried (5-2 g.). This was recrystallised from 
the minimum amount of boiling water containing two drops of hydrochloric acid, and 3-7 g. of the acid were recovered; 
m. p. 162—164° (Found: M, 215). ; 

(ii) A solution of the acid -(5 g.) in water (15 c.c.) was heated to 100° for 20 hours; the pH value (3-2—3-4) was that 
developed by the amino-acid itself. On cooling, an oily solid was obtained which, after drying, had m. p. 150—158° 
(4-5 g.). Recrystallisation from acidulated water gave 3-2 g. of unchanged acid, m. p. 158—160° (Found: ™M, 226). 

(iii) The acid (5 g.) was dissolved in water, the solution adjusted to pH 7-4 by addition of 5n-sodium hydroxide 
(final volume, 15 c.c.), heated to 100° for 20 hours, and chilled, and p-aminophenylmethylsulphone filtered off (1-9 g.; m. p. 
134—136°). The filtrate was adjusted to pH 3-0—3-5 with hydrochloric acid and kept on ice overnight; impure p-amino- 
benzenesulphonylacetic acid (2-3 g.) was recovered; m. p. 148—156° (Found: M, 242). 

p-Acetamidophenylmethylsulphone.—(I) p-Acetamidobenzenesulphinic acid (39-8 g.; 0-2 mol.) and chloroacetic acid 
(18-9 g.; 0-2 mol.) were dissolved in water (100 c.c.) and 5n-sodium hydroxide (80 c.c.; Q-4 mol.), the solution adjusted 
to pH 7-0—7-2, refluxed for 2 hours, and then evaporated to dryness on the water-bath at reduced pressure during a 
further 2 hours. The finely ground residue was extracted twice with boiling acetone (2 x 250 c.c.), the insoluble residue 
dissolved in boiling water (90 c.c.), the cold filtered solution acidified with hydrochloric acid (30 c.c.), and the precipitated 
p-acetamidobenzenesulphonylacetic acid collected and drained. After drying, this weighed 36 g. and had m. p. 206— 
210°; recrystallisation from the minimum amount of boiling water (280 c.c.) gave 28 g. of the pure acid, m. p. 210—212° 
(Found: M, by titration, 258). The acetone extract was evaporated to dryness, and the sulphone remained (8 g.) asa 
white powder, m. p. 176—184°. Recrystallisation from water gave the pure compound in lustrous white prisms, m. p. 
186—188° (Found: N, 6-8; S, 15-2. C,H,,0,NS requires N, 6-6; S, 15-0%). 

(II) The above procedure was repeated except that the solution was refluxed for 5 hours and then evaporated to 
dryness over a further 2 hours. The acetone-insoluble material yielded 22 g. of pure p-acetamidobenzenesulphony!- 
acetic acid; the acetone extract gave, on evaporation, 14 g. of a mixture of p-acetamido- and p-amino-phenylmethyl- 
sulphone. 

vrnn) The procedure was repeated with a reflux period of }§ hours, followed by evaporation as before. The acetone- 
insoluble portion yielded only 4 g. of crude p-acetamidobenzenesulphonylacetic acid (m. p. 200—204°) and the acetone 
extract on evaporation gave a mixture, m. p. 130—165°, of p-acetamido- and p-amino-phenylmethylsulphone. Four 
recrystallisations of this from water gave 16 g. of pure p-acetamido-sulphone, m. p. 180—184°; the mother-liquors of 
these crystallisations were evaporated, rendered strongly alkaline with sodium hydroxide solution, refluxed for 1 hour, 
and cooled, 7 g. of the p-amino-sulphone crystallising in lustrous flakes (m. p. 126—128°). 

(IV) The following was the best method for obtaining -aminophenylmethylsulphone. The foregoing procedure 
was repeated, but with a reflux period of 30 hours. The resulting solution was evaporated to dryness on the water-bath, 
and the residue boiled with acetone (600 c.c.), whereupon most of it dissolved. The filtered acetone solution was evapor- 
ated to dryness, the residue (34 g.) refluxed for 14 hours with 5n-hydrochloric acid (175 c.c.), and the clear solution kept 
on ice, p-aminophenylmethylsulphone hydrochloride separating as small glittering tablets. After collection and washing 
with ether and drying, these weighed 29 g. and had m. p. 240—-246° (Found: M, 209). The compound was insoluble in 
absolute alcohol but very soluble in boiling 95% alcohol; recystallisation of a sample from this medium containing a few 
drops of hydrochloric acid _— the substance in — needles, m. p. 242—246° (softening at 230°) (Found, by titr- 
ation, M, 207. C,H ,O,NCIS requires M, 207-5). e hydrochloride was dissolved in the minimum volume of boiling 
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water, and a slight excess of sodium carbonate added; on cooling, the sulphone baSe separated in mother-of-pearl flakes 
(23 g.), m. p. 134—136° (Found: N, 84; S, 18-9. C,H,O,NS requires N, 8-2; S, 187%), very soluble in boiling, and 
almost insoluble in cold water. Median lethal dose: 1-5 g./kg. 

p-Acetamidophenyl{chloromethyl) sulphone.—p-Acetamidobenzenesulphinic acid (39-8 g.; 0-2 mol.) and dichloroacetic 
acid (26 g.; 0-2 mol.) were dissolved in water (100 c.c.) and 5n-sodium hydroxide (80 c.c.; 0-4 mol.), and the solution, 
after adjustment to pH 7-2, refluxed over a flame foréhours. A crystalline precipitate rapidly appeared, and the liquid 
finally set to a semi-solid, crystalline mass. The sulphone (30 g.; m. p. 202—204°) was collected and a further crop 
(5 g.) obtained by refluxing the filtrate for a further 8 hours. A sample recrystallised from dilute alcohol in the form 
of long white prisms, m. p. 204—206° (Found: N, 5-9; Cl, 14:3; S, 12-8. C,H,gO,NCIS requires N, 5-7; Cl, 14:3; S, 
129%). The same compound was obtained when 2 mols. of the sulphinic acid and 1 mol. of dichloroacetic acid were 
refluxed together in aqueous solution at pH 7-2. 

p-Aminophenyl(chloromethyl)sulphone.—The foregoing sulphone (11 g.) was refluxed with 5n-hydrochloric acid (200 
c.c.) for 14 hours, and the clear solution evaporated to dryness under reduced pressure; the amino-sulphone hydrochloride 
remained as a white crystalline powder. A sample.recrystallised from absolute alcohol containing anhydrous hydrogen 
chloride was obtained in pearly flakes, m. p. 198—200° (Found: M, by titration, 244. C,H,O,NCI,S requires M, 242). 
The main portion was dissolved in water and basified with dilute sodium hydroxide; an oil was precipitated and rapidly 
solidified. Collection and recrystallisation from 50% alcohol gave p-aminophenyl(chloromethyl)sulphone (8 g.) as glisten- 
ing white plates, m. p. 96—98° (Found: Cl, 17-4; S, 15-8. C,H,O,NCIS requires Cl, 17-3; S, 15-6%). The same pro- © 
duct was obtained in good yield by refluxing a solution of p-acetamidophenyl(chloromethyl)sulphone (5 g.) in ethyl 
alcohol (50 c.c.) and 5n-sodium hydroxide (50 c.c.) for 2 hours. 

p-Aminobenzenesulphonylacetonitrile——Anhydrous potassium -acetamidobenzenesulphinate (23-7 g.) was heated 
with a solution of chloroacetonitrile (8 c.c.) in amyl alcohol (100 c.c.) containing a trace of copper powder for 3 hours 
with frequent shaking (oil-bath temp. 120°). The amyl alcohol was removed by distillation in steam, the residual solid 
collected (20 g.; m. p. 248—254°) and recrystallised from aqueous acetone-alcohol. p-Acetamidobenzenesulphonyl- 
acetonitrile (14 g.) was thus obtained in the form of white needles, m. p. 260—262° (Found: N, 12-0; S. 13-5. CypH gO,N,S 
requires N, 11-8; S, 13-4%). 

The foregoing acetyl compound (10 g.) was refluxed with 3-3n-hydrochloric acid (60 c.c.) for 45 minutes, a clear solution 
then being obtained. This was filtered (charcoal) and kept on ice for several hours; p-aminobenzenesulphonylacetonitrile 
hydrochloride separated in long white needles (7 g.), m. p. 206—208° (Found: Cl, 15-0; S, 13-8; M, by titration, 233. 
C,H,O,N,CIS requires Cl, 15-2; S, 13-7; M, 232-5%). This hydrochloride was dissolved in boiling water and the solution 
adjusted to pH 7-2 with ammonia; sufficient alcohol was added to dissolve the precipitated oil at the b. p. and the 
filtered solution (charcoal) allowed to cool slowly; the free nitrile separated in glistening white leaves, m. p. 122—124° 
(Found: N, 14-5; S, 16-0. C,H,O,N,S requires N, 14-3; S, 16-3%). 

p-Aminobenzenesulphonylacetamidoxime.—The foregoing nitrile hydrochloride (6-96 g.).. hydroxylamine hydro- 
chloride (4-2 g.), and anhydrous sodium carbonate (4-8 g.) were suspended in alcohol (90 c.c.) and water (12 c.c.), shaken 
in a closed bottle with glass beads for 48 hours at 30—35°, and the crystalline insoluble material collected. Recrystal- 
lisation from dilute alcohol gave the acetamidoxime (5-1 g.) in stout white prisms, m. p. 216—218° (decomp.) (Found: N, 
18:3; S, 13-7. C,H,,O,N,S requires N, 18-3; S, 13-95%). 

p-A minobenzenesulphonylacetamidine——A solution of p-aminobenzenesulphonylacetonitrile (4-9 g.) in anhydrous 
dioxan (100 c.c.) and anhydrous ethyl alcohol (9-4 c.c.) was saturated at 5° with dry hydrogen chloride and the resulting 
suspension shaken as above for 20 days at room temperature. The bulk of the dioxan and excess of hydrogen chloride 
were pumped off below 35°, the residue dissolved in anhydrous alcohol (125 c.c.) previously saturated with dry ammonia 
at 0°, and the solution heated in a closed vessel at 45—50° for 72 hours. The solution was evaporated to dryness at 50°/10 
mm., the crystalline residue dissolved in cold water and 5n-sodium hydroxide, and the clear solution adjusted to pH 
7-2 with hydrochloric acid. After chilling, the acetamidine hydrochloride (3-5 g.) was collected and recrystallised from 
9% alcohol, being obtained in heavy white prisms, m. p. >300° (3-0 g.) (Found, in salt dehydrated at 110°/2 mm. : 
N, 17-0; Cl, 13-9. C,H,,0,N,CIS requires N, 16-8; Cl, 14-2%), soluble in water but precipitated on addition of 
hydrochloric acid. 

p-A minobenzenesulphonylthioacetamide.—The above nitrile hydrochloride (5 g.) was dissolved in 4n-alcoholic ammonia 
(50 c.c.) and water (5 c.c.), the solution saturated with hydrogen sulphide, and kept with frequent shaking in a closed 
vessel at 35° for 24 hours, more hydrogen sulphide being passed in from time to time. After chilling, the yellow solid 
was collected and washed with water ; isation from dilute alcohol (250 c.c.) gave the thioacetamide as long pale 
yellow needles (3 g.), m. p. 212—-214° (decomp.) (Found: N, 12-6; S, 27-7. C,H,»O,N,S, requires N, 12-2; S, 27-8%). 

Ethyl a-(p-A cetamidobenzenesulphonyl)propionate.—p-Acetamidobenzenesulphinic acid (40 g.) and ethyl a-bromo- 
propionate (36 g.) were dissolved in alcohol (225 c.c.), water (150 c.c.) and 5n-potassium hydroxide (40 c.c.), the solution 
adjusted to pH _7-0—7-2 and refluxed for 6 hours on the water bath in the presence of a trace of copper powder. After 
filtration (charcoal) the solution was evaporated until it became cloudy, and then allowed slowly to cool; the ethyl ester 
was precipitated in long white needles (52 g.), m. p. 114—118°. A sample recrystallised from dilute alcohol had m. p. 
11i8—120° (Found: N, 4-7; S, 10-6. C,,H,,O,NS requires N, 4-7; S, 10:7%). 

Ethyl a-(p-Aminobenzenesul; } .—A solution of the foregoing acetyl compound (20 g.) in saturated 
anhydrous alcoholic hydrogen chloride (250 c.c.) was refluxed for 2 hours. The liquid was evaporated to dryness under 
reduced pressure, and water (100 c.c.) and sodium bicarbonate (6 g.) added to the oily residue of the hydrochloride. The 
mixture was heated on the water-bath, and sufficient alcohol added to effect solution; after several days’ standing, the 
filtered solution deposited the propionate (14 g.) as a mass of white needles, m. p. 68—70°, raised by recrystallisation from 
dilute alcohol to 72—74° (Found: N, 5-7; S, 12'5. C,,H,,0,NS requires N, 5°5; S, 12-5%). : 

a-(p-A minobenzenesulphonyl)propionic Acid.—The acetamido-ester (20 g.) was refluxed with 5n-hydrochloric acid 
(200 c.c.), and 50 c.c. of liquid were allowed to distil off during the first hour. More 5n-hydrochloric acid (50 c.c.) was 
added, and the refluxing continued for a further 3 hours. The solution was evaporated to dryness under reduced pressure, 
acetone being added from time to time to assist evaporation; the residual glutinous hydrochloride became friable on 
trituration with ether. The solid was collected, dissolved in the minimum amount of boiling water, the theoretical 
amount of 5N-sodium hydroxide added, and the solution kept on ice overnight. The crystalline mass of the acid was 
collected, and a further crop obtained by evaporation of the mother-liquors. The combined material (14 g.; m. p. 
156—158°) was sonrystaitionl from boiling water (40 c.c.), the pure compound (9 g.) being obtained in small white leaves, 
m. p. 168—170° (Found : N, 6-0; S, 13-9; M, by titration, 230. C,H,,O,NS requires N, 6-1; S, 14.0%; M, 229). 

a-(p-A minobenzenesulphonyl)-n-butyric Acid.—Potassium p-acetamidobenzenesulphinate (23-8 g.), ethyl a-bromo-n- 
butyrate (19-5 g.), and a trace of copper powder were refluxed in amyl alcohol (150 c.c.) for 7hours. Ethyl a-(p-acetamido- 
tenzenesulphonyl)-n-butyrate, isolated in the usual manner, recrystallised from dilute alcohol as lustrous white cubes 
23 g.), m. p. 140—142° (Found: N, 4:8; S, 10-3. C,gHjO,NS requires N, 4-45; S, 10:1%). It was also obtained, 
but in lower yield, when the reaction was carried out in aqueous ethyl alcohol. 


The foregoing ester (22 g.) was refluxed with saturated ethyl-alcoholic hydrochloric acid (200 c.c.) for 2 hours. 
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Removal of the alcohol under reduced pressure, and addition of ether, precipitated ethyl a-(p-aminobenzenesulphony). 
n-butyrate hydrochloride as small white prisms (16 g.). These were dried at 50°/2 mm. over charcoal and phosphoric oxide 
and then had m. p. 164—166° (Found: M, by titration, 308. C,,H,,0,NCIS requires M, 307-5). This was converted 
in the usual manner into the free ethyl ester (11 g.), which crystallised from dilute alcohol in hard white cubes, m. p, 
94—96° (Found: N, 5-4. C,,H,,0,NS requires N, 5-2%). 

Ethyl a-(p-acetamidobenzenesulphonyl)-u-butyrate (13 g.) was refluxed with 5n-hydrochloric acid (125 c.c.) for 2 
hours, 25 c.c. of liquid being allowed to distil over. The solution was evaporated to dryness under reduced pressure, 
and the residual hydrochloride recrystallised from the minimum amount of boiling water containing the theoretical 
amount of sodium bicarbonate. a-(p-Aminobenzenesulphonyl)-n-butyric acid (8 g.) was obtained in small white leaves, 
m. p. 162—164° (Found: N, 6-0; S, 12-9; M, by titration, 243. C, 9H,,0,NS requires N, 5-8; S, 13:1%; M, 243). 
This acid was also obtained by refluxing the acetamido-ester (15 g.) with 2n-sodium hydroxide (150 c.c.) for 2 hours, 
The solution was adjusted to pH 7-0, evaporated to dryness, the finely divided residue extracted with boiling acetone, 
and the insoluble residue boiled with water (30 c.c.) and filtered. The filtrate was adjusted to pH 3-0 with hydrochloric 
acid, and the amino-acid separated as an oily solid. Recrystallisation from water gave 6 g. of the pure amino-acid, m. p, 
162—164° (Found: M, 244). 

Ethyl B-(p-Acetamidobenzenesulphonyl) propionate.—Potassium p-acetamidobenzenesulphinate (23-8 g.) was refluxed 
with a solution of ethyl £-chloropropionate (13-6 g:) in amyl alcohol (150 c.c.) and a trace of copper powder for 6 hours, 
Isolation in the usual manner and recrystallisation from dilute alcohol gave the ethyl ester {19 g.) in long white needles, 
m. p. 132—134° (Found: N, 4-9; S, 10-9. C,,;H,,O;NS requires N, 4-7; S, 10-7%). 

Ethyl B-(p-A minobenzenesulphonyl) propionate.—A solution of the foregoing ester (18 g:) in saturated alcoholic hydrogen 
chloride (200 c.c.) was refluxed for 2 hours. After a short time iridescent leaves of ethyl B-(p-aminobenzenesulphony)- 
propionate hydrochloride began to separate, and finally the liquid was full of crystals. These were collected, and washed 
with ligroin (b. p. 40—60°) ; m. p. 200—202° with previous softening (15 g.) (Found: M, by titration, 292. C,,H,,0,NCIS 
requires M, 293-5). The hydrochloride (15 g.) was dissolved in boiling water (70 c.c.) containing the theoretical amount 
of sodium bicarbonate. After chilling, the oily crystals were collected and recrystallised from dilute alcohol, the free 
on raghger obtained (11 g.) in stout white prisms, m. p. 102—104° (Found: N, 5-7; S, 12-6. C,,;H,,0,NS requires 

, 5-45; S, 12-4%). 

B-(p-A minobenzenesulphonyl) propionic Acid.—The acetamido-ester (10 g.) was refluxed with 5n-hydrochloric acid 
(150 c.c.), and during the first hour 50 c.c. of liquid were allowed to distil off; 5n-hydrochloric acid (50 c.c.) was added, 
-and the refluxing continued for a further 4 hours. After evaporation to dryness, 8-5 g. of the acid hydrochloride remained 
as small white cubes, m. p. 238—240° (Found: M by titration, 264. C,H,,O,NCIS requires M, 265-5). The hydro- 
chloride was dissolved in boiling water (30 c.c.) and the theoretical amount of sodium bicarbonate added; on cooling, 
the free acid separated in white leaves (6 g.), m. p. 158—160° (Found: N, 6-3; S, 13-9; M, 230. C,H,,0O,NS requires 
N, 6-1; S, 13-95%; M, 229). 

p-A minophenylcetylsulphone.—Anhydrous sodium p-acetamidobenzenesulphinate (22-1 g.) and cetyl iodide (35-2 g.) 
were refluxed in amyl alcohol (100 c.c.) with a trace of copper powder for 4 hours. After removal of the amyl alcohol 
by steam distillation, the residual oil slowly solidified; this was recrystallised from 90% alcohol and gave the acetamido- 
sulphone as white sebaceous needles (30 g.), m. p. 92—94° (Found: S, 7-5. C,,H,,O,NS requires S, 7-3%). 

This sulphone (20 g.) was dissolved in alcohol (100 c.c.) and 10N-hydrochloric acid (100 c.c.), and the solution refluxed 
on the water-bath for 2 hours. The solid precipitate of hydrochloride was collected, triturated with dilute aqueous 
ammonia, drained, washed with water, dried in a vacuum, redissolved in alcohol, and the hydrochloride reprecipitated 
by the passage of dry hydrogen chloride. The hydrochloride, which is insoluble in alcohol and water, was collected, 
converted into the free amine with aqueous ammonia, and recrystallised from alcohol, p-aminophenylcetylsulphone being 
obtained as white needles, m. p. 110—112° (Found: N, 3-7; S, 7-9. C,s3H,,0,NS requires N, 3-6; S, 8-15%). 

p-A minophenylbenzylsulphone.—Sodium p-acetamidobenzenesulphinate (22-1 g.) was refluxed with a solution of benzyl 
bromide (17-1 g.) in amyl alcohol (100 c.c.) and a trace of copper powder for 4 hours. The acetyl sulphone was isolated 
in the usual manner (30 g.), dissolved in alcohol (100 c.c.) and 10N-hydrochloric acid (100 c.c.), and the solution refluxed 
for 14 hours. The crystalline precipitate of the hydrochloride was collected, ground with dilute aqueous ammonia, 
drained, and recrystallised from dilute alcohol; p-aminophenylbenzylsulphone was obtained (21 g.) in long white needles, 
m. p. 218—220° (Found: N, 5-8; S, 13-0. C,;H,,0,NS requires N, 5-7; S, 12-95%). 

1: 3-Sulphone Ketones.—p-Aminophenylphenacylsulphone. Sodium p-acetamidobenzenesulphinate (44-2 g.) and 
phenacyl bromide (40 g.) were refluxed with xylene (300 c.c.) with frequent shaking in the presence of a trace of copper 
powder for 7 hours. After removal of the xylene, the residual insoluble solid was dried and extracted with a small amount 
of benzene-ligroin to remove unchanged phenacyl bromide. The residue, recrystallised from a boiling mixture of acetic 
acid (200 c.c.) and water (400 c.c.), gave p-acetamidophenylphenacylsulphone in lustrous white tablets, m. p. 176—178° 
(48 g.) (Found: N, 4-7; S, 10-1. C,,H,,0,NS requires N, 4-4; S, 10-1%). 

The foregoing acetyl compound (20 g.) was dissolved in isopropyl alcohol (120 c.c.), water (60 c.c.), and 10Nn-hydro- 
chloric acid (120 c.c.), and the solution refluxed for 1} hours. On cooling, p-aminophenylphenacylsulphone hydrochloride 
separated in iridescent yellow leaves, m. p. 206—210° (18 g.). This was suspended in water (120 c.c.), the calculated 
amount of sodium bicarbonate added, and the mixture warmed on the water-bath for 10 minutes. The insoluble material 
was collected and recrystallised from 80% alcohol, p-aminophenylphenacylsulphone being obtained (13 g.) in orange- 
yellow needles, m. p. 160—162° (mixed m. p. with foregoing acetyl derivative, 136—140°), soluble in dilute mineral acids 
and in dilute aqueous alkalis (Found: N, 5:2; S, 11-8. C,H ,,;0,NS requires N, 5-1; S, 11-6%). ; 

p-Acetamidophenyl-p’-bromophenacylsulphone. This was obtained in the same manner as the foregoing in almost 
theoretical: yield from the sodium sulphinate and p-bromophenacyl bromide. The crude product, after being washed 
with alcohol, had m. p. 200—204°; a sample recrystallised from acetic acid formed hard white cubes, m. p, 202—204 
(Found: N, 3-7; Br, 20-2. C,,H,,O,NBrS requires N, 3-5; Br, 20-2%). It is insoluble in alcohol and so could not be 
hydrolysed with aqueous-alcoholic hydrochloric acid. ; 

Alkaline Hydrolysis of the 1 : 3-Sulphone Ketones.—(i) A solution of p-acetamidophenylphenacylsulphone (10 g.) 10 
alcohol (40 c.c.) and 5nN-sodium hydroxide (40 c.c.) was refluxed for 1} hours. The solution was adjusted to pH 8:5— 
9-0 with hydrochloric acid, the alcohol removed on the water-bath under reduced pressure, and the volume made up to 
100 c.c. with water. Hydrochloric acid (20 c.c.) was then added and, after standing on ice for several hours, the precip- 
itated benzoic acid was collected and washed into the filtrate with a little cold water. The amount of benzoic acid was 
3-7 g., m. p. 116—118°; recrystallisation from water gave 3-1 g. of pure acid, m. p. and mixed m. p. 120° (Found: ™, 
122. Calc.: M, 122). The filtrate was made just alkaline to phenolphthalein and evaporated to small volume; on 
standing on ice, p-aminophenylmethylsulphone (5-2 g.) crystallised in characteristic mother-of-pearl flakes, m. p. 130— 
132°. Rec isation from boiling water gave 4-7 g., m. p. 134—136° (Found: S, 18-9. Calc.: S, 187%). 

(ii) Hydrolysis of p-acetamidophenyl-p’-bromophenacylsulphone (10 g.) in the same manner yielded 4°6 g. of 
Agen ae acid, m. p. 252—254° (Found: M, 201. Calc.: M, 201), and 4-0 g. of p-aminophenylmethylsulphone, 
m, p. 6°. 
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Ethylation of p-Acetamidophenylphenacylsulphone : lp par of p-Aminophenyl-n-propylsulphone.—p-Acetamido- 
bhenylphenacylsulphone (31-7 g.) was added to a solution of sodium (2-3 g) in anhydrous ethyl alcohol (200 c.c.), and the 
olution refluxed for 20 minutes. Ethyl iodide (34 g.) was added, and the solution refluxed for 5 hours and set aside 
pvernight. A portion of the alcohol (ca. 100 c.c.) was distilled off, and the residue diluted with water; the precipitated 
il rapidly solidified, and was collected and recrystallised from 50% acetic acid (260 c.c.); the C-ethyl derivative crystal- 
ised in white tablets (23 g.), m. p. 184—186°. A sample recrystallised from the same solvent had m. p. 188—190° 
mixed m, p. with parent sulphone-ketone, 158—162°) (Found: N, 4-3; S, 9-1. C,,H,,0,NS requires N, 4:1; S, 9-3%). 

A solution of the foregoing C-ethyl compound (24 g.) in alcohol (120 c.c.) and 5n-sodium hydroxide (120 c.c) was 
efluxed for 1} hours, cooled, and adjusted to pH 9 by addition of hydrochloric acid. The bulk of the alcohol was distilled 

pf, the volume made up to 450 c.c. with water, and the precipitated oil, which rapidly solidified, collected (12 g.; m. p. 
}6—98°). Recrystallisation from dilute alcohol containing a trace of 5n-sodium hydroxide gave p-aminophenyl-n- 
bropylsulphone as white leaves (9-6 g.), m. p. 98—100° (Found: N, 7-3; S, 16-0. C,H,,0,NS requires N, 7-05; S, 16-1%). 
he aqueous alkaline mother-liquors (450 c.c.) were acidified with hydrochloric acid and the precipitated benzoic acid 
gliected (7-5 g., m. p. 12Z0—122°. Found: M,120. Calc.: M, 123). 

Addition of p-Acetamidobenzenesulphinic Acid to Cinnamic Acid.—The sulphinic acid (40 g.) and cinnamic acid (29 g.) 
vere boiled with water (200 c.c.) until all the oil had solidified (ca. 4 hours). The mixture was chilled, the solid collected 
nd recrystallised from acetic acid} 4 8 oS; ene we -B-phenylpropionic acid being obtained (27 g.) in 
white prisms. m. p. 228—230° (Found: S, 9-5; M, 348. C,,H,,O,NS requires S, 9-2%; M, 347). This acid (24 g.) was 
efluxed with 5n-hydrochloric acid (250 c.c.) for # hour. The clear solution was cooled, the crystalline precipitate 
ollected, and recrystallised from acetic acid and then from alcohol; £-(p-aminobenzenesulphonyl)-B-phenylpropionic acid 
14 g.) 7 obtained, m. p. 258—260° (Found, in recrystallised acid: S, 10-3; M, 303. C,s;H,,0,NS requires S, 10-5% ; 
M, 305). 
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151. Experiments Relating to the Synthesis of Patulin. Part I. A Study of 
Hydrogenated y-Pyrones. 
By J. ATTENBURROW, J. Evxs, D. F. Ettiott, B. A. Hens, J. O. Harris, and C. I, BRopRIck. 


rane acid has been prepared by catalytic hydrogenation of comanic acid and is identical with 
6 


the acid sO, obtained by hydrolysis of patulin by sulphuric acid. Ethyl tetrahydrocomanate, prepared by 


catalytic hydrogenation of ethyl comanate, has been condensed with ethyl orthoformate to yield ethyl 3- or 
5-ethoxymethylenetetrahydrocomanate. 


BIRKINSHAW, BRACKEN, MICHAEL, and Ratstrick (Lancet, 1943, ii, 625) have described the isolation of patulin 
from Penicillium patulum Bainier, and have advanced evidence consistent with the belief that patulin has 
formula (I) or is a tautomer or a mixture of tautomers thereof. 


The experiments now described represent attempts to synthesise patulin by way of tetrahydro-y-pyrones. 

The starting materials were comanic acid (II, R = H) and ethyl comanate (II, R = Et). Comanic acid 
was prepared by Haitinger and Lieben’s method (Monatsh., 1885, 6, 279) of decarboxylation of monoethyl 
helidonate, followed by hydrolysis. Monoethyl chelidonate was prepared in satisfactory yield by partial 
esterification of chelidonic acid with 5% alcoholic hydrogen chloride (for other methods of preparation, see 
Lerch, Monatsh., 1884, 5, 371; Haitinger and Lieben, ibid., p. 342; Willstatter and Pummerer, Ber., 1904, 
b/, 3751; Davila Nufiez, Rev. Acad. Cienc., Madrid, 1932, 28, 343; Lehmann, Ber., 1935, 68, 703). Its con- 
sion into ethyl comanate presented no great practical difficulties. Hydrolysis to comanic acid was readily 

omplished with boiling 2n-hydrochloric acid. 

The catalytic hydrogenation of y-pyrone and its derivatives has been studied by several authors (cf. Borsche, 
ber., 1915, 48, 682; Mozingo and Adkins, J. Amer. Chem. Soc., 1938,-60, 669; Davila Nujiez, loc. cit.; Anal. 
po. fis. quim., 1929, 27, 637) and appears to be most selective with palladium catalysts either in the colloidal 

ate (Borsche, Joc. cit.; Cornubert and Robinet, Bull. Soc. chim., 1933, 58, 565) or supported on neutral 

materials (Cawley and Plant, J., 1938, 1214). Several types of palladium catalyst have been used in this 

ork for the hydrogenation of different pyrone derivatives. A study of the absorption curves gave no evidence 

bt selective hydrogenation, nearly 3 molecules of hydrogen being taken up in all instances, but by interrupting 

ie reaction after the absorption of 1 or 2 mols. of hydrogen it was possible to isolate partially hydrogenated 

etivatives in poor yield. A number of experiments showed that no one catalyst was satisfactory in all cases 
nd the results are summarised in the table. P 

Experiments on the hydrolysis of ethyl tetrahydrocomanate showed that, in boiling dilute solution, hydrolysis 

s complete at pH 2 in 3 hours and at pH 1 in 45 mins. Hydrolysis was very rapid with 0-1n-sodium 


ye — at room temperature, but with more concentrated alkali solution decomposition took place on 
” g. 
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Starting Hydrogen 
material. Catalyst. Conditions.* uptake. Product. Properties. 
Comanic acid Pd/BaSO, Aqueous soln. 6 atoms Tetrahydro-y-pyranol- M. p. 146—147°. 
; .T. and N.P. 2-carboxylic acid 
vs ‘ ; ie Tetrahydrocomanic M. p. 120°; semicarbazon 
acid (1) m. p. 188—189°; dinitr 
phenylhydrazone, m. 
197°; p-phenylphenar 
ester, m. p. 139°. ; 
Dihydrocomanic acid (2) M. p. 159—161°; ult 
violet absorption, s 
Fig. 1. 
A 0 Pd/C 0 ie Tetrahydrocomanic acid 
Ethyl Pd colloidal Aqueous alcoholic Ethyl tetrahydrocomanate B. p. 84°/0-04 mm. 
comanate soln. R.T. and Ethyl tetrahydro-y-pyr-  B. p. 101—102°/0-04 mn. 
N.P. anol-2-carboxylate 
Ethyl Pd/BaSO, Alcoholic soln. Ethyl tetrahydro-y-pyr- M. p. 48—50° 
chelidonate R. T. and N.P. anol-2 : 6-dicarboxylate 
Ethyl tetrahydrochelidon- M. p. 80—82°. 
ate 
Alcoholic soln. Ethyl dihydrochelidonate M. p. 94°. 
R.T. and N.P. Ethyl tetrahydrochelidon- M. p. 82—83°. 


ate 

Methyl ‘ Methyl-alcoholic Methyl dihydrochelidonate M. p. 181—182°; dinitro 

chelidonate soln. R.T. and phenylhydrazone, m. )) 
N.P. 


197—198°. 
Methyl tetrahydrochelidon- M. p. 105—106°. 
ate 
“ Tetrahydro-y-pyranol- M. p. 195—196°. 
2 : 6-dicarboxylic acid 
(1) This proved to be identical with the acid C,H,O, obtained by the hydrolysis of patulin (Birkinshaw, Bracken, 
Michael, and Raistrick, loc. cit.), and we are indebted to the authors for comparing the two compounds and theif 
derivatives. Tetrahydrocomanic acid exhibited an ultra-violet band of very low intensity (Amax. 2770 A., Emax. 12°4), 
which is consistent with a saturated ketone structure. 
(2) This is believed to be 5 : 6-dihydrocomanic acid, since it is decarboxylated at the m. p., whereas the tetrahydro 
acids are not. Satisfactory carbonyl derivatives were not obtained from this acid. 
* R.T. and N.P. = room temperature and normal pressure. 


Chelidonic Pd/BaSO, Aqueous soln. 6 
acid 


Attempts were made to prepare the tetrahydro-compounds by complete reduction of chelidonic acid to 
tetrahydvo-y-pyranol-2 ; 6-dicarboxylic acid, followed by oxidation of the secondary hydroxyl group. Oxid 
ation of this acid and of its ethyl ester with nitric acid under a variety of conditions (cf. Mannich and Brose, 
Ber., 1923, 56, 833) or with potassium permanganate or chromic acid failed to give ketonic compounds, 
Catalytic dehydrogenation with Raney nickel (cf. Paul, Bull. Soc. chim., 1941, 8, 507) gave only a small amount 
of carbonyl compound, the bulk of the material remaining unchanged. Ketonic substances also were nof 
obtained by oxidation with aluminium isopropoxide or aluminium fert.-butoxide in various solvents. Failure 
to oxidise tetrahydropyranols to tetrahydropyrones has been reported by Cornubert and Robinet (Bull. Soc 
chim., 1934, 1, 90). 


In addition to the above methods of preparing tetrahydropyrones, their formation by the cyclisation of 
(III) was attempted (for a similar cyclisation, cf. Mannich and Brose, Joc. cit.) : 


N-CO-NH, 


(III.) EtO,C-HC (IV) 


BIO,CHE 
H,—-C-CH,-CH(OH)-CO,Et 


Ethyl aa'-dihydroxy-y-ketopimelate (III) was readily prepared by the catalytic hydrogenation of acetone 
dioxalic ester and, though it possessed three active hydrogens as shown by the Zerewitinoff method, its ketoni¢ 
nature was demonstrated by the formation of 3-(8-carbethoxy-B-hydroxyethyl)-5-carbethoxy-A?-pyrazoline-| 
carboxyamide (IV) on reaction with semicarbazide. Crystalline acetyl, benzoyl, and 3 : 5-dinitrobenzoy 
derivatives of (III) could not be obtained. 

Attempted cyclisation of the dihydroxy-ester by the method of Mannich and Brose (loc. cit.) led to extensivé 
tar formation, and the use of hydrogen chloride in the cold in absence of a solvent (cf. Cornubert and Robinet 
loc. cit.; Compt. rend., 1932, 194, 1081) resulted in hydrolysis of the ester groups; although cyclisation of the 
required type was obtained, the product, tetrahydrochelidonic acid, was formed in very small yield. 

Treatment of the dihydroxy-ester with warm alcoholic hydrogen chloride did not effect cyclisation, but 
gave instead a chlorinated product, C,,H,,0;Cl,, which, although the structure has not been confirmed, 
considered to be ethyl ax'-dichloro-y-ketopimelate. When (III) was distilled in a vacuum over potassium 
bisulphate, two molecules of water were eliminated with the formation of ethyl 3-ketopentadiene-1 : 5-dicarb 
oxylate (V, R = Et), which was identical with a specimen prepared by bromination of ethyl y-ketopimelate 
followed by dehydrobromination with quinoline (Strauss, Ber., 1905, 38, 3296). This ester was hydrolyse 
by hot 2n-sulphuric acid to the corresponding acid (V, R = H), identical with the compound described by 
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Kommpa (Amn. Acad. Sci. Fennice, 1939, A, 51, No. 3). This acid was also obtained by treatment of (III) 
with hot 2n-sulphuric acid. : 


(V.) RO,C-CH:CH-CO-CH:CH:CO,R 


Thus (III) showed a pronounced tendency to pass into the conjugated straight-chain compound (V) and only 
a slight tendency towards cyclic ether formation. It may be that cyclic ether formation takes place readily 
only when phenyl or related groups are present (cf. Cornubert and Robinet, Joc. cit.). 
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I. Ethyl 3-Ketopentadiene-1 : 5-dicarboxylate, max. 
2,380 a., ¢ 16,600. 
Il. 3-Ketopentadiene-1 : 5-dicarboxylic Acid, Aas. 
g IIT. Ethpt Chelidonate. 1 
3000 3500 3600 . Ethy idonate, Amar. 2,700 A., € 10,000. 
“ _ Wave-length, A. IV. Chelidonic Acid, Amax, 2,700 A., ¢ 11,800. 
" (Riegel and Reinhard, J. Amer. Chem. 
I. .Comanic Acid, Amex, 2,600 A., « 10,280. o Soc., 1926, 48, 1341). 
Il. Dihydrocomanic Acid, Amaz, 2,820 A., € 8,810. 




















Compound (V, R = Et) bears a close structural relationship to ethyl chelidonate and in common with 
the latter it does not form a semicarbazone. On the other hand, the behaviour of the acid (V, R = H) and 
the ester (V, R = Et) on hydrogenation contrasts sharply with that of y-pyrone derivatives. In (V, R= H 
and Et), the carbonyl group remained unattacked in presence of palladium-black catalyst and selective reduc- 
tion of the double bonds took place to give y-ketopimelic acid and its ethyl ester. The ultra-violet absorption 
spectra of (V, R = Et and H) compared with those of ethyl chelidonate and chelidonic acid are shown in 
Fig. 2. 

Several attempts were made to introduce a substituent in the 3-position of the tetrahydropyrone nucleus. 
Claisen condensation of ethyl tetrahydrocomanate and tetrahydrochelidonate with ethyl formate and ethyl 
oxalate under a variety of conditions yielded mainly resins and the starting materials were themselves destroyed 
in the presence of sodium ethoxide. Condensation with formalin and paraformaldehyde, reaction with 
diphenylformamidine, and the Mannich base reaction with formaldehyde and diethylamine hydrochloride 
also yielded no useful product. Reaction, however, between ethyl tetrahydrocomanate, ethyl orthoformate, 
and acetic anhydride took place under vigorous conditions and at high temperatures to yield a substance, 
the analysis of which was correct for an ethoxymethylenetetrahydrocomanic ester. That the substance contains 
an ethoxymethylene group in the 3- or 5-position is indicated by its absorption spectrum (Ags, 2720 a., ¢ 12,800), 
which is consistent with the presence of an «$-unsaturated ketone group and is similar to that of patulin 
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(Amax. 2750 A., ¢ 15,800), and also by the formation of a 2: 4-dinitrophenylhydrazone which, on standing in 
alcoholic sulphuric acid solution, cyclised to a pyrazole derivative (VI) : 


i N—NR NO, 


¢ w" . 
Mi, Yic-ont bar | é\0 yr . — 


Attempts to determine the position of the ethoxymethylene group by reaction with hydriodic acid after 
catalytic reduction (cf. Birkinshaw, Bracken, Michael, and Raistrick, Joc. cit.) failed. Crystallographic data 
kindly supplied by Drs. D. Crowfoot and G. M. J. Schmidt were insufficient to decide whether the ethoxy- 
methylene group was in position 3 or 5. The precise constitution of this compound has not, therefore, been 
fully determined. ; 

It is realised that the present work is incomplete, but owing to pressure of other work this investigation 
has been abandoned. ‘ 


EXPERIMENTAL. 


The absorption spectra of the esters and of one acid (V; R = H) were measured in absolute alcohol, those of the other 
acids in water. 

Monoethyl Chelidonate.—Chelidonic acid (300 g., dried at 100°) was refluxed with alcoholic hydrogen chloride (1500 c.c., 
5%) for 3 hours, and the mixture then maintained at — 10° for 1 hour. The semi-solid mass was submitted to filtration 
(pump), and the solid well pressed. The filtrate was evaporated in a vacuum at 30—35° to small bulk (if the evapor- 
ation is carried out at higher temperatures, further esterification of the monoethyl chelidonate takes place), and more 
solid obtained from the pasty mass. The combined, moist solids were washed with éther and dried at 80°. Monoethyl 
chelidonate was obtained as a buff-coloured solid, m. p. 218—220° (183 g., yield 53%). 

From the combined ethereal washings and final alcoholic filtrate, ethyl chelidonate was isolated by evaporation, 
solution of the residue in benzene, filtration through alumina, and addition of light petroleum (b. p. 40—60°) to the 
filtrate. It formed slightly coloured needles, m. p. 60—62° (89 g., yield 23%). 

Other methods of preparing monoethyl chelidonate gave products which could not be decarboxylated as smoothly 
as the substance obtained as described above. 

Ethyl Comanate.——When monoethy] chelidonate (150 g.) in a 1-l. flask connected through a long air-condenser to a 
water-pump was heated in an oil-bath to 230°, rapid decarboxylation took place and ethyl comanate distilled as a pale 
yellow liquid, which rapidly solidified. When the vigorous reaction had subsided, the bath temperature was raised to 
260° until distillation ceased. Ethyl comanate, purified by redistillation (b. p. 161°/12 mm.) and then crystallisation 
from alcohol (distilled over Raney nickel), had m. p. 96—98° (103 g., yield 86-5%). 

Decarboxylation of monoethyl chelidonate at ordinary pressure gave unsatisfactory results. 

Comanic Acid.—Ethyl comanate (20 g.) was refluxed with 2n-hydrochloric acid (100 c.c.) for 1 hour. The hot 
solution was treated with charcoal and filtered. Comanic acid separated from the filtrate, on cooling, in slightly coloured 
needles, m. p. 253—-254° after drying at 100° (15 g., yield 90%). . : 

Hydrogenation of Comanic Acid.—(a) Tetrahydro-y-pyranol-2-carboxylic acid. Comanic acid (0-7 g.) in water (50 c.c.) 
was shaken with hydrogen in presence of palladised barium sulphate (3-6% Pd, 0-7 g.) at room temperature and pressure. 
Hydrogenation was complete in 2 hours and approximately 3 molecules of hydrogen were absorbed. The catalyst 
was filtered off, and the filtrate evaporated to dryness in a vacuum. The residual syrup slowly crystallised to give 
tetrahydro-y-pyranol-2-carboxylic acid, m. p. 146—147° after crystallisation from acetone. The compound was 
identical with the product prepared by the hydrolysis of the corresponding ester described below. 

(b) Tetrahydrocomanic acid. Comanic acid (20 g.) in water (1400 c.c.) was hydrogenated as above in presence of 
palladised barium sulphate (20 g.), and the hydrogenation interrupted after absorption of 2 molecules of hydrogen. 
The catalyst was filtered off, and the filtrate evaporated to dryness in a vacuum. The residual syrup was thoroughly 
extracted with several portions of warm ether, the dried extracts evaporated, and the residue crystallised from chloro- 
form (alcohol-free) and then from pure ethyl acetate to give small needles, m. p. 118—120° (2 g., yield 9-7%) (Found: 
C, 50-1; H, 6-0. C,H,O, requires C, 50-0; H, 5-6%). 

Comanic acid (9 g.) in water (630 c.c.) was hydrogenated as before in presence of palladised charcoal (10% Pad, 9 g.). 
Hydrogenation ceased after absorption of about 5 atoms of hydrogen. Isolation in the usual way gave 1 g. (yield 
10-8%) of crude product, which, after two crystallisations from ether-light petroleum and further purification by Pro- 
fessor Raistrick and his colleagues, had m. p. 120°. A mixture of this compound with the acid C,H,O, (m. p. 121°) 
obtained by hydrolysis of patulin melted at 120-5°. = 

The p-phenylphenacyl ester, prepared by the method of Drake and Bronitsky (J. Amer. Chem. Soc., 1930, 52, 3716), 
had m. p. 139° (Found: C, 71:3; H, 5-6. C,9H,,O, requires C, 71-0; H, 54%). The mixed m. p. with the p-phenyl- 
phenacyl ester of the hydrolysis acid, C,H,O,, from patulin (m. p. 139—140°) was 139-5°. ’ : 

The semicarbazone was prepared by allowing a solution of tetrahydrocomanic acid (0-3 g.), semicarbazide hydro- 
chloride (0-2 8), and potassium acetate (0-2 g.) in water (5 c.c.) to stand in the cold for 24 hours. The crystalline pre- 
cipitate formed clusters of colourless needles from hot water, m. p. 188—189° (decomp.) (Found: C, 42-1; H, 5:5; 
N, 20-5. C,H,,0,N, requires C, 41-8; H, 5-5; N, 20-9%). 

The dinitrophenylhydrazone prepared from Brady’s reagent was obtained as yellow orange needles from ethyl alcohol, 
m. p. vit Er depressed by the dinitrophenylhydrazone of the C,H,O, acid from patulin (Found : N, 17-2. C,H ,0,N, 
requires N, 17-3%). : 

(c) Dihydrocomanic acid. Comanic acid (12-9 g.) in water (903 c.c.) was hydrogenated as above in the the presence 
of palladised barium sulphate (3-6% Pd, 12-9 g.), and the hydrogenation interrupted when 3 atoms of hydrogen had 
been absorbed. Isolation in the usual way yielded a semi-solid product which, crystallised from chloroform and then 
ethyl acetate, yielded flat prisms, m. p. 159—161° (decomp.) (1-9 g., yield 14-6%) (Found: C, 50-8; H, 4-6. C,H,0, 
requires C, 50-7; H, 4-3%). 

Dihydrocomanic acid showed maximum absorption at 2820 a. (¢ = 8,810) and absorbed two molecules of hydrogen 
on hydrogenation in pee of palladised barium sulphate. P ° 

Hydrogenation of Ethyl Comanate.—(a) Ethyl tetrahydrocomanate. A solution of ethyl comanate (125 g.) in a mixture 


of ethyl alcohol (distilled over Raney nickel; 625 c.c.) and water (625 c.c.), palladium chloride solution (2%; 30 c.c.), 
and gum acacia solution (1%; 60 c.c.) were mixed and shaken with hydrogen at room temperature and pressure. The 
hydrogenation ceased after absorption of about 5 atoms of hydrogen. The solution was then evaporated in a vacuum 
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nt 35° to about 300 c.c., filtered, neutralised with saturated sodium bicarbonate solution, and continuously extracted 
‘ith ether for 24 hours. The colloidal catalyst was coagulated by the ether and remained suspended in the aqueous 
ayer. The dried ethereal extract yielded 100 g. of crude product, which was fractionated through a lagged column 
45 cm. in length packed with single-turn glass helices and fitted with a return reflux still-head. The low-boiling fraction 
as rejected and ethyl tetrahydrocomanate distilled as a colourless liquid, b. p. 84°/0-04 mm., n}j* 1-4609 (25 g., yield 19-5%) 
Found: C, 55-4; H, 7-3. C,H,,0, requires C, 55-8; H, 7-0%). 
The structure of the ester was confirmed by hydrolysis. The ester (2 g.) was refluxed with 2n-sulphuric acid (20 c.c.) 
or 30 mins., cooled, neutralised with baryta (with rhodizonic acid as indicator), filtered, and the filtrate evaporated to 

ess in a vacuum. The solid residue, m. p. 106--110°. (1-6 g., yield 95%), of crude tetrahydrocomanic acid was 
rystallised from pure ethyl acetate and had m. p. 118—120° (Found: C, 49-9; H, 6-0%). The p-phenylphenacyl 
ester had m. p. 138° (Found: C, 70-6; H, 5-3%). 

Tetrahydrocomanic acid (10 g.) was re-esterified by refluxing in ethyl alcohol (200 c.c.) with concentrated sulphuric 
acid (1-0 c.c.) for 14 hours. The solvent was removed, and the residue poured into water and extracted with ether. 

ne ethereal layer was washed with sodium bicarbonate solution, dried, and the solvent removed. Fractional distillation 
gave ethyl tetrahydrocomanate as a colourless liquid, b. p. 78°/0-05 mm., njf* 1-4610 (Found: C, 55-8; H, 7-0%). 

(b) Ethyl tetrahydro-y-pyranol-2-carboxylate. The high-boiling fraction in the distillation described above consisted 

of ethyl tetrahydro-y-pyranol-2-carboxylate, b. p. 101—102°/0-04 mm., nj” 1-4647 (30 g., yield 23%) (Found: C, 55-9; 
, 82; active H, 1-1. C,H,,O, requires C, 55:2; H, 8-1%; active H, 1-0). 

The structure of this ester was also confirmed by hydrolysis. The ester (2 g.) was refluxed for 3 hours with water 
(20 c.c.) containing a drop of 2n-sulphuric acid. The syrupy residue obtained on evaporation in a vacuum was crystal- 
ised from ethyl acetate and then from acetone to give tetrahydro-y-pyranol-2-carboxylic acid in compact prisms, m. p. 
145—146° (Found: C, 49-5; H, 7-2. C,H,,O, requires C, 49-3; H, 6-9%). The p-phenylphenacyl ester had m. p. 
155—156° (Found: C, 70-6; H, 6-2. Cy 9H .O, requires C, 70-6; H, 5-9%). 

Tetrahydro-y-pyranol-2 : 6-dicarboxylic Acid.—Chelidonic acid (10 g.) in water (500 c.c.) was hydrogenated at ordinary 
temperature and pressure in presence of palladised barium sulphate (3-6%; 10 g.). Absorption of hydrogen ceased 
when 3 molecules had been takenup. The catalyst was filtered off, and the filtrate evaporated to dryness in a vacuum. 
The resulting viscous oil rapidly solidified to a crystalline mass (10 g., yield 97%), m. p. 181—183° (decomp.). Crystal- 
lisation from acetone-light petroleum (b. p. 60—80°) raised the m. p. to 195—196° (decomp.) (Found: C, 44-2; H, 5-6. 
C,H»O, requires C, 44-2; H, 5-3%). 

Ethyl Tetrahydro-y-pyranol-2 : 6-dicarboxylate-—Ethyl chelidonate (10 g.) in ethyl alcohol (200 c.c.) was hydrogenated 
at room temperature and pressure in presence of palladised barium sulphate (3-6%, 10 g.). Hydrogenation ceased when 
about 3 molecules of hydrogen had been absorbed. The catalyst was filtered off, and the alcohol removed from the 
filtrate by distillation in a vacuum. The resulting oil was distilled at 0-1 mm., two main fractions being collected : 
(a) b. p. 140—170°/0-1 mm., (6) 170—190°/0-1 mm. 

Fraction (b) solidified partially on trituration with petrol and standing. The solid was collected and pressed as 
free as possible from oil. The solid (2-6 g., yield 25%) melted at 42—45°; crystallisation from ether—light petroleum 
(b. p. 40—60°) gave colourless needles of ethyl tetrahydro-y-pyranol-2 : 6-dicarboxylate, m. p. 48—50° (Found: C, 54-3; 
H, 7:7; active H, 0-53. C,,H,,0, requires C, 53-6; H, 7-4%; active H, 1-0). 

Fraction (a) also solidified partially on standing; the solid (0-8 g., yield 7-9%), freed from oil as above, crystallised 
from benzene-light petroleum (b. p. 40—60°) in white needles, m. p. 80—82°, not depressed by authentic ethyl tetra- 
hydrochelidonate (Borsche, loc. cit., gives m. p. 80—82°). Hydrolysis of this ester with boiling 2n-sulphuric acid, followed 
by continuous ether extraction, gave tetrahydrochelidonic acid, which crystallised from ethyl acetate in small cubes, 
m. p. 194—195° (Found: C, 44-9; H, 4-6. C,H,O, requires C, 44-7; H, 4:3%). 

Ethyl tetrahydro-y-pyranol-2 : 6-dicarboxylate was also prepared by esterification of the corresponding acid by 
means of ethyl-alcoholic hydrogen chloride. The product, isolated in the usual way, was an oil, which crystallised 
after trituration with light petroleum and cooling. Crystallisation from ether—petrol (b. p. 40—60°) gave colourless 
needles, m. p. 48—50°, alone or mixed with a specimen of the ester obtained as described above. 

Hydrogenation of Ethyl Chelidonate with Raney Nickel as Catalyst.—Ethyl chelidonate (48 g.) in ethanol (100 c.c.) 
was hydrogenated at atmospheric pressure with Raney nickel catalyst (5 g.) until 2 molecules of hydrogen had been 
taken up (6 hours). The hydrogenation was then stopped, the catalyst separated, and the alcohol removed under reduced 
pressure below 40°. The residual oil with ether (20 c.c.) gave a sparingly soluble nickel salt (1-3 g.; m. p. ca. 140—150°) 
which afforded ethyl dihydrochelidonate on treatment with warm 4n-hydrochloric acid. The latter crystallised from 
benzene in almost colourless prismatic needles, m. p. 94° (Found: C, 55-0; H, 5-9. C,,H,,O, requires C, 54-6; H, 
58%). It gave a clear red colour with alcoholic ferric chloride. 

Vacuum distillation of the residual oil after separation of the nickel salt led to much decomposition and a poor yield. 
It was found better, first to cool at 0° before distillation and isolate the crystalline ethyl tetrahydrochelidonate which 
separated, the yellow oil being washed out with cold ether. The ethereal washings were then evaporated and distilled. 
Decomposition still occurred and only about half the material distilled at ca. 160—200°/2—4 mm., a considerable dark 
viscous residue remaining (collection of various fractions gave no improved yield). The distillate gave crystals on cool- 
ing which were separated as before. The total yield averaged 15—18% of the theoretical, m. p. ca. 73—80°. Recrystal- 
a from ether gave pure ethyl tetrahydrochelidonate, m. p. 82—83° (Found: C, 54-0; H, 6-3. Calc. for C,,H,,0,: 

, 441; H, 6-6%). 

Hpdcemiuation of Methyl Chelidonate.—Methyl chelidonate was conveniently prepared from ethyl chelidonate. The 
latter was dissolved in methanol (4 parts) containing potassium acetate (1 equiv.) or sodium methoxide (catalytic amounts). 
Facile alcoholysis occurred and methyl chelidonate crystallised in 90% yield, m. p. 122°. We are indebted to Dr. A. 
Koebner for this observation. 

Reduction was carried out as for the ethyl ester, the methyl ester (8-5 g.) in methanol (125 c.c.) and Raney nickel 
(2g.) being used. The reduction product was chilled with methanol (5 c.c.) and afforded 0-25 g. of a nickel salt (m. p. 
l44—150°) which, on treatment with warm dilute hydrochloric acid, gave a nickel-free substance crystallising from 
— soars in needles, m. p. 177—178°, shown by mixed m. p. to be identical with the methyl dihydrochelidonate 
escribed below. 

_ The residue after removal of the nickel salt distilled without decomposition and the distillate (6 g.; b. p. 165— 
i7l°/1 mm.) crystallised readily. Trituration with ether gave 2-5 g. of colourless solid, m. p. 96—136°, not raised by 
tecrystallisation from benzene-light petroleum. Extraction with methanol left an insoluble residue (0-17 g.; m. p. 
10—180°). Crystallisation of this from benzene and from ethyl acetate gave methyl dihydrochelidonate as colourless 
tedles, m. p. 181—182° (decomp.) after sintering at 178° (Found: C, 50-2; H, 4:7. C,H,.O, requires C, 50-5; H, 
47%). It was strongly enolic, giving a red coloration with‘alcoholic ferric chloride. It was soluble in warm, aqueous 
‘dium bicarbonate and was precipitated unchanged on acidification (recovery ca. 30%); It formed a dinitrophenyl- 
lydrazone, m. p. 197—198° (Found: C, 46-5; H, 3-9. C,sH,,O,N, requires C, 45-7; H, 3-55%). When hydrogenated 
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in presence of Raney nickel, the uptake was 90% of that required for the absorption of 4 atoms of hydrogen, but » 
crystalline product could be isolated apart from a small amount of nickel salt. ¢ 

The methanolic extract above on evaporation gave methyl tetrahydrochelidonate, which crystallised from benzene. T 
light petroleum in almost colourless prisms, m. p. 104—105° (1-7 g.)._ Recrystallisation from benzene raised the m. pM.ave 
to 105—106° (Found: C, 50-1; H,5-9. C,H,,0, requires C, 50-0; H,5-6%). In subsequent reductions it was obtaine; 
in 24% yield and was more readily isolated than the corresponding ethy] ester. TE 

Ethyl aa’-Dihydroxy-y-ketopimelate—Acetonedioxalic ester (175 g.) was hydrogenated in ethyl acetate solutiq 
(1 1.) in presence of palladised barium sulphate (3-6% Pd; 60 g.). Absorption of hydrogen ceased after 20 hrs. wha 
2-5 molecules of hydrogen had been absorbed. The solution was filtered and dried over ignited sodium sulphate, anj 
the ethyl acetate removed ina vacuum. The crude product was distilled and the main fraction (85 g.; yield 49%) 

b. p. 173—181°/0-5 mm. with slight decomp., was purified by redistillation. The product was a pale yellow liquid 
b. p. 140—141°/0-09 mm., 72%” 1-4688 (Found: C, 50-25; H, 7-4; active H, 2-87. C,,H,,O, requires C, 50-4; 4 
6-9%; active H, 2-0). : 

Hydrogenation can be accomplished in 10 hrs. with palladised charcoal (10% Pd) to give the same yield of product, 
but it was found necessary to wash the charcoal thoroughly with hot 10% hydrochloric acid before preparation of the 
catalyst. Raney nickel was ineffective as a catalyst, for its activity was quickly destroyed by an alcoholic solution 
of acetonedioxalic ester. Attempted hydrogenation of the disodium enolate of acetonedioxalic ester in alcoholic 
suspension in the presence of Raney nickel was also unsuccessful. : 

3-(B-Carbethoxy-B-hydroxyethyl)-5-carbethoxy-A*-pyrazoline-1-carboxyamide.—An aqueous solution (15 c.c.) of ethyl 
aa’-dihydroxy-y-ketopimelate (0-5 g.) was warmed (40°) and shaken with semicarbazide hydrochloride (0-2 g.) and 
anhydrous sodium acetate (0-2 g.). The colourless crystalline precipitate was recrystallised from alcohol, forming 
colourless plates, m. p. 152° (Found: C, 47-8; H, 6-35; N, 13-95; OEt, 31-1. C,,H,,O,N, requires C, 47-8; H, 6:35; 
N, 13-9; OEt, 28-99%). When a few mg. were dissolved in concentrated sulphuric acid and a few drops of sodium 
nitrite solution added, a pale blue colour characteristic of pyrazolines (Knorr, Ber., 1893, 26, 100) developed. 

Ethyl 3-Ketopentadiene-1 : 5-dicarboxylate-—Ethyl aa’-dihydroxy-y-ketopimelate (27 g.) was refluxed in a vacuum 
(bath at 150°) for 10 minutes with fused potassium hydrogen sulphate (2 g.) and then distilled. Ethyl 3-ketopentadiene. 
1 : 5-dicarboxylate distilled as a bright yellow liquid which readily solidified in the receiver. The crude product (15 g) 
formed bright yellow needles from ether (12 g.; yield 52%), m. p. 49—50°, and retained its bright yellow colour after 
repeated treatment with charcoal. Strauss (loc. cit.) gives m. p. 49-5—50° and a mixture with a specimen prepared 
' by his method melted at 49—50° (Found: C, 58-25; H, 6-2. Calc. for C,,H,,O;: C, 584; H, 6-2%). 

3-Ketopentadiene-1 : 5-dicarboxylic Acid.—Ethy] aa’-dihydroxy-y-ketopimelate (10 g.) was refluxed with 2N-sulphuri 
acid (50 c.c.) for 2 hrs. On cooling, fine yellow crystalline flakes were obtained (yield 4 g.; 53%) which on recrys 
tallisation from alcohol had m. p. 236° (decomp.) (Found: C, 49-6; H, 3-8; equiv., 85. Calc. for C,H,O,;: C, 494; 
H, 36%; equiv., 86). Kommpa (loc. cit.) gives m. p. 230° for this compound. A specimen of the acid prepared by 
hydrolysis of the ethyl ester with 2n-sulphuric acid had m. p. 233° (decomp.), mixed m. p. 233° (decomp.). The acid 
was tee into the ester, m. p. and mixed m. p. 49—50°, by esterification with ethyl alcohol by an azeotropx 
method. 

Ethyl aa’-Dichloro-y-ketopimelate——Dry hydrogen chloride was passed into a warm solution of ethyl aa’-dihydroxy- 
y-ketopimelate (6 g.) in ethanol (20 c.c.) until saturated. On cooling and standing, a crystalline solid was deposited 
(2 g.; yield 29%) which, on recrystallisation from light petroleum, formed colourless needles, m. p. 74° (Found : C, 44+; 
H, 5:4; Cl, 24-2. C,,H,,O,Cl, requires C, 44-2; H, 5-4; Cl, 23-7%). The ester gave a positive ketonic reaction with 
2 : 4-dinitrophenylhydrazine in alcoholic sulphuric acid solution. : . 

Hydrogenation of Ethyl 3-Ketopentadiene-1 : 5-dicarboxylate and of y-Ketopentadienedicarboxylic Acid.—The ester 
(3-0 g.) was hydrogenated in ethyl acetate solution (15 c.c.) in presence of palladium-black (0-02 g.). Hydrogenation 
ceased after absorption of 2 molecules of hydrogen. The solution was filtered and the ethyl acetate removed, leaving 
a colourless liquid, which was hydrolysed with boiling 2N-sulphuric acid (25 c.c.). By continuous extraction with ether, 
y-ketopimelic acid (1-2 g.; yield 51%) was isolated; on recrystallisation from acetone and sublimation at 120°/0-02 mm. 
it had m. p. 140° (Found: C, 48-25; H, 5-9. Calc. for C,H,,O,: C, 48-3; H,5-8%). It was identical with an authentic 
specimen of y-ketopimelic acid, m. p. 141-5°, prepared by the method of Kommpa (Joc. cit.). The semicarbazone was 
prepared in aqueous solution and on recrystallisation from water formed colourless needles, m. p. 183—184° (decomp.) 
(Found: C, 41-35; H, 5-7; N, 18-1. C,H,,;0,N, requires C, 41-6; H, 5-7; N, 182%). The semicarbazone prepared 
from an authentic specimen of y-ketopimelic acid had m. p. 184° (decomp.) and a mixture of the two had m. p. 183— 
184° (decomp.) (Found: C, 41-65; H, 5-7; N, 17-9%). »-Ketopentadienedicarboxylic acid was hydrogenated i 
presence of palladium-black in ethanol solution and yielded y-ketopimelic acid, m. p. 140—141°. 

Tetrahydrochelidonic Acid.—Ethyl aa’-dihydroxy-y-ketopimelate (10 g.) was saturated at room temperature with 
dry hydrogen chloride and after 3 days the mixture was dissolved in ether and extracted with saturated sodium bi- 
carbonate solution (100 c.c.). The aqueous extract was acidified and by continuous extraction with ether a small 
quantity of brown oil was obtained, which partially crystallised on standing. The crystalline material was washed 
with ether and recrystallised from ethyl acetate, m. p. 188°. A mixture with authentic tetrahydrochelidonic acil 
(m. p. 194°) melted at 188°. The yield was too small for analysis. 

Ethyl Ethoxymethylenetetrahydrocomanate—A mixture of ethyl tetrahydrocomanate (4-6 g.), ethyl orthoformate 
(20 g.), and acetic anhydride (26 c.c.) was heated in a sealed tube at 190—200° for about 16 hrs. The products from 
three such reactions were combined, volatile substances removed by vacuum distillation, and the residue distilled a 
0-05 mm. Unchanged tetrahydrocomanic ester (8-5 g.) was collected up to 100°. The fraction boiling between 100 
and 130° (3-9 g.) partially solidified on standing; the solid was collected, pressed free from oil, and recrystallised fro : 
ether. Ethyl ethoxymethylenetetrahydrocomanate was obtained in long colourless needles (1 g., yield 13°8%, based ry 
tetrahydrocomanic ester consumed), m. p. 79—81° (Found: C, 58:15; H, 7-25; OEt, 38-8. C,,H,,O, requires C, 57°9; 
H, 7-1; OEt, 39-56%). The compound showed maximum absorption at 2720. (e = 12,800). A solution of th 
compound in alcohol developed a deep red colour fairly rapidly on treatment with ferric chloride solution. __ P 

Treatment of the compound (0-2 g.) in ethyl alcohol (10 c.c.) with a solution of 2 ; 4-dinitrophenylhydrazine (0°? §: 
in ethyl alcohol (20 c.c.) containing concentrated sulphuric acid (3-0 c.c.) caused the rapid precipitation of a dark red 
solid. This was collected after 15 minutes and crystallised from alcohol, giving the 2 : 4-dinitrophenylhydrazon: © 
enc ge ag ar rama ester as small red crystals, m. p. 168—170° (Found: C, 49-8; H, 5-1. Cy7H 99s? 
requires C, 50-0; H, 4-9%). . ‘ 

If the reaction snintoms was allowed to stand overnight, the red solid redissolved and addition of 2n-sulphuric — 
to the point of precipitation, followed by cooling, gave a yellow solid, which, after crystallisation from ethyl alco . 
melted at 141—142°. The compound gave no colour with alcoholic potassium hydroxide, showing that it was no - 
2 : 4-dinitrophenylhydrazone, and the analysis indicated that it was ethyl 1-(2” : 4’’-dinitrophenyl)-3 : 4-pyrazolo-3 °° 
tetrahydropyrane-2'(6')-carboxylate (Found : C, 49-3; H, 4-0; N, 15-4. C,,H,O,N, requires C, 49-7; H, 3-9; N, 15°97) 
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Microanalyses were carried out by Miss H. King and Mr. S. Bance. 

The authors wish to thank Miss M. A. Smith and Miss A. J. Radnor for assistance in the preparation of intermediates. 

The authors, engaged in the laboratories of member-companies of the Therapeutic Research Corporation, London, 
have cafried out the work described in this and the following paper under the auspices of the Corporation. 


THERAPEUTIC RESEARCH CoRPORATION OF GREAT BRITAIN LTD., { 
Lonpon, W.C.2. [Received, September 25th, 1944.] 





1452. Eaperiments Relating to the Synthesis of Patulin. Part II. Derivatives 
of 2 : 3-Diketo-4-acetyltetrahydrofuran. 


By E. T. Borrows and B. A. Hes. 


Ethyl acetopyruvate has been condensed with formaldehyde in presence of aqueous potassium carbonate, 
yielding 2 : 3-diketo-4-acetyltetrahydrofuran (I), from which the corresponding enolic acetate, 2-keto-3-acetoxy-4- 
acetyldthydrofuran, was prepared. The enolic ethyl ether, 2-keto-3-ethoxy-4-acetyldihydrofuran, was prepared 
from both these compounds. Attempts to introduce an additional carbon atom into these compounds to give, 
for example, 2 : 3-diketo-4-8-hydroxypropionyltetrahydrofuran, were unsuccessful. 


In Part I (preceding paper), attempts to synthesise patulin from compounds containing a y-tetrahydropyrone 
ring were described. In the present paper, attempts have been made to synthesise patulin from compounds 
ontaining a tetrahydrofuran ring, namely, 2 : 3-diketo-4-acetylietrahydrofuran and its derivatives. 

For the condensation of formaldehyde with ethyl acetopyruvate, piperidine and potassium carbonate were 
selected as catalysts (cf. Claisen, Ber., 1891, 24,116; Ruhemann, J., 1906, 89, 1236). Preliminary experiments 
showed that with two equivalents of potassium carbonate, condensation took place readily at room temperature 
over a wide pH range, but that the best results were obtained by controlling the pH within narrow limits. 
By this method one hydroxymethyl group was introduced, and on acidification and extraction with ether, 
2: 3-diketo-4-acetyltetrahydrofuran (I) was obtained. 


(I.) CH,CO-CH—CH, H-CO—CH-CH, 
o—co? esate co—co7? 


(II.) 


Hydrolysis of the ester group presumably occurred during the acidification of the potassium derivative of 
ethyl 6-methylolacetopyruvate; acetopyruvic acid is obtained in the same way by acidifying an alkaline 
solution of the sodium derivative of the ester (Lehninger and Wetzman, J]. Amer. Chem. Soc., 1942, 64, 875). 

In ethyl alcohol, 2 : 3-diketo-4-acetyltetrahydrofuran has a similar absorption spectrum (A,,, 2670 A., 
¢ = 13,700) to that of the phenyl analogue (Ap, 2680 a., « = 11,900) prepared by the method of Ruhemann 
(loc. cit.). In water, however, the spectrum exhibits a second maximum (Asx, 2700 A., ¢ = 7000 and Amey 
3180 a., ¢ = 7800), which is attributed to partial enolisation of the compound in aqueous solution. 

The anil and the phenylhydrazone of 2 : 3-diketo-4-acetyltetrahydrofuran were prepared. The. former was 
soluble and the latter insoluble in cold aqueous sodium carbonate solution. Ruhemann (loc. cit.) recorded 
similar properties for the corresponding derivatives of 2 : 3-diketo-4-acetyl-5-phenyltetrahydrofuran. 2 : 3-Di- 
keto-4-acetyltetrahydrofuran itself was stable to hot concentrated mineral acid, but could not be recovered 
alter treatment with 0-ln-alkali at room temperature for some hours. 

Attempts to introduce a second hydroxymethyl group into 2 : 3-diketo-4-acetyltetrahydrofuran in the hope 
of preparing 2 : 3-diketo-4-6-hydroxypropionyltetrahydrofuran were unsuccessful, a compound, m. p. 241° 
(decomp.), being obtained. A small quantity of the same compound was isolated from a condensation between 
ethyl acetopyruvate and formaldehyde when catalysed by piperidine. 

Benzaldehyde, on the other hand, condensed readily with 2 : 3-diketo-4-acetyltetrahydrofuran in dry ethyl 
acetate saturated with hydrogen chloride, giving 2 : 3-diketo-4-cinnamoyltetrahydrofuran (II). Chloral, how- 

ef, was unreactive, and would not condense with 2: 3-diketo-4-acetyltetrahydrofuran under conditions 
similar to or even more drastic than those successfully used with benzaldehyde. 

Reaction with diphenylformamidine also failed to introduce an additional carbon atom, and only the anil 
of 2: 3-diketo-4-acetyltetrahydrofuran could be isolated from such a reaction. 

2: 3-Diketo-4-acetyltetrahydrofuran, on treatment with acetic anhydride, yields the enolic acetate, 2-keto-3- 

toxy-4-acetyldihydrofuran, of which the acetyl group appears to be extremely labile, for, although it did not 
give a red colour with cold aqueous ferric chloride solution, it readily did so after warming with water. Treat- 
edmmutent of 2 : 3-diketo-4-acetyltetrahydrofuran with ethyl orthoformate yielded the enolic ether, 2-keto-3-ethoxy- 

a acetyldihydrofuran; the same compound was obtained when the enolic acetate of 2 : 3-diketo-4-acetyltetra- 
lydrofuran was treated with excess (5 mols.) of ethyl orthoformate in acetic anhydride (10 mols.). 

The enolic ethyl ether was stable to mineral acids, and therefore an attempt was made to condense it with 
omaldehyde, with a trace of mineral acid as catalyst; the reaction was also carried out in buffer solutions, 
ut in neither instance did any condensation occur. No reaction appeared to take place with piperidine and 
limethylamine hydrochlorides and formaldehyde. 

Attempts to condense 2 : 3-diketo-4-acetyltetrahydrofuran, the enolic acetate, or enolic ethyl ether with 
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ethyl oxalate or ethyl formate in presence of sodium ethoxide, molecular sodium or sodium triphenylmethy| 
under various conditions were uniformly unsuccessful. ; 
Owing to pressure of other work this investigation cannot be continued, but as some of the component; 


herein described have interesting pharmacological properties, which will be described elsewhere, it is considerej 
desirable to place these results on record. 


EXPERIMENTAL. 


2 : 3-Diketo-4-acetyltetrahydrofuran (I).—Freshly prepared ethyl acetopyruvate (25 g.) was dissolved in an aqueous 
solution (150 ml.) containing 13-2 ml. of 37% formalin and 21-8 g. of potassium carbonate. The pH was adjusted t 
8-8—9-0 by addition of more potassium carbonate, and the solution left at room temperature. A voluminous precipitate 
soon separated, which was redissolved by addition of water. For the next few hours the pH of the solution gradually 
fell until it reached 8-3; the solution was then acidified with 2n-hydrochloric acid and extracted continuously with ether 
for 4—5 hours. The extract was dried over sodium sulphate and evaporated, leaving an oily solids» This was recrystal. 
lised from benzene, yielding a white crystalline solid (11-9 g.), m. p. 126—126-5°, which could be sublimed readily at 
30°/0-004 mm. (Found: C, 50-6; H, 4:35; C-CH;, 12-4. C,H,O, requires C, 50-7; H, 4-2; 1 C-CHs, 10-5%). 5 

The quantity of potassium carbonate required to bring the pH of the aqueous solution to 8-8—9-0, and the period of 
time necessary for the pH to fall to 8, varied with different batches of ester. In order to obtain good yields it was 
essential to maintain the pH of the reaction mixture between 8-3 and 9-0 for 5—7 hrs. by addition of potassium carbonate 

2 : 3-Diketo-4-acetyltetrahydrofuranphenylhydrazone was prepared in the usual way and recrystallised from alcohol 
yielding pale yellow needles, m. p. 167° (decomp.) (Found: C, 61-7; H, 5-0; N, 12-2. C,,H,03N, requires C, 62]: 
H, 5-2; N, 121%). 1 

The anil, prepared in a similar manner, was obtained in yellow prisms, m. p. 211-5° (decomp.) (Found: C, 66-4: 
H, 5:1; N, 6-3. C,H ,0O,N requires C, 66-4; H, 5-1; N, 6-45%). 

Reaction of 2 : 3-Diketo-4-acetyltetrahydrofuran with Formaldehyde.—2 : 3-Diketo-4-acetyltetrahydrofuran (1 g.) was 
treated with an aqueous solution (35 ml.) of 0-56 ml. of formalin (37-4%) and 0-2 ml. of 2n-hydrochloric acid at room 
temperature for 3 days. The solution, which still smelled strongly of formaldehyde, was evaporated under reduced 
pressure, leaving a solid residue. This was extracted with boiling benzene and precipitated with water first from alcohol 
. and then from acetic acid as a pale pink, amorphous solid, m. p. 241° (decomp.). Yield 480 mg. The substance gavea 

red colour with alcoholic ferric chloride, but was insoluble in camphor and its molecular weight was therefore determined 
ebullioscopically in acetic acid. The result, although only approximate, indicated a molecular weight of 250—21) 
(Found: C, 50-8, 50-8; H. 3-9, 4-0; C-CH,, 1-3; active H, 0-56. C,H Ojo requires C, 50-5; H, 4-5; 2 active H, 
056%). 

#* Dineto-t-clanemeyltstrahydrofuren (II).—A solution of 2 : 3-diketo-4-acetyltetrahydrofuran (4 g.) in dry ethyl 
acetate (50 ml.) was saturated at 0° with hydrogen chloride, treated with benzaldehyde (4 g.), and left at room 
temperature for 24 hrs. The thick crystalline mass deposited was collected, washed with a little ethyl acetate, and 
recrystallised from alcohol—benzene and then from dilute alcohol. It formed pale yellow platelets (3-1 g.), m. p. 191°. 
The. compound could be sublimed at 150°/0-005 mm. (Found: C, 67:7; H, 4:5; M (Rast), 240. CygH 90, requires 
C, 67:8; H, 4:35%; M, 230]. The absorption spectrum had a maximum at 3250 a, « 20,000 in alcohol. 

Reaction of Diphenylformamidine with 2: 3-Diketo-4-acetylietrahydrofuran.—2 : 3-Diketo-4-acetyltetrahydrofuran 
(1 g.) was heated at 135° with diphenylformamidine (1-4 g.) for 5 mins., and the mixture then cooled and triturated with 
alcohol. Crystallisation of the precipitated solid from alcohol gave the anil of 2 : 3-diketo-4-acetyltetrahydrofuran as 
pale yellow needles, m. p. 211-5° (decomp.), not depressed by an authentic specimen (Found : C, 66-0; H, 5-1; N, 6-3%). 

2-Keto-3-acetoxy-4-acetyldihydrofuran.—A mixture of 2 : 3-diketo-4-acetyltetrahydrofuran (3 g.) and acetic anhydride 
(25 ml.) was heated on a steam-bath for 3 hrs. and then evaporated under reduced pressure. The residual crystalline 
solid was recrystallised from benzene, yielding 1-85 g. of white platelets, m. p. 78-5°, which sublimed readily at 
70—80°/0-005 mm. (Found: C, 52-1; H, 4-3. C,H,O, requires C, 52-2; H, 4-3%). It gave a red colour with ferric 
chloride solution. 

2-Keto-3-ethoxy-4-acetyldihydrofuran.—A mixture of 2 : 3-diketo-4-acetyltetrahydrofuran (10 g.) and ethyl ortho- 
formate (25 g.) was heated under reflux for 24 hrs. The residual oil left after evaporation under reduced pressure was 
fractionated ina vacuum. The fraction (4-7 g.), b. p. 62—63°/0-02 mm., slowly crystallised in the refrigerator. It was 
sublimed at 30°/0-002 mm. on to a glass tube cooled with acetone-solid carbon dioxide; the substance formed white 
platelets, m. p. 31-5° (Found: C, 56-7; H, 5-9; EtO, 25-2. C,H,,.O, requires C, 56-5; H, 5-9; EtO, 26-5%), and gave 
no coloration with cold aqueous or alcoholic ferric chloride solution. 

A crystalline 3 : 5-dinitrophenylhydrazone was prepared in the normal manner. After recrystallisation from glacial 
acetic acid and then from ethyl acetate it formed yellow needles, m. p. 222—223°, which gave a positive Neuberg reaction 
with alcoholic caustic potash (Found: C, 48-1; H, 3-9; N, 15-8; EtO, 13-2; C-CHs;, 9-9. C.,H,,0,N, requires C, 
48-0; H, 4-0; N, 16-0; EtO, 12-9; 2C-CHs, 8-6%). ’ 

The phenylhydrazone, m. p. 156°, was also prepared (Found: C, 64:2; H, 6-0; N, 10-4; EtO, 17-8; C-CHs,, 15-0. 
C,4H,,O03N, requires C, 64-6; H, 6-15; N, 10-75; EtO, 17-3; 2C-CHs, 115%). As will be noted, the Kuhn-Roth 
determinations of C-CH, were consistently high in this series of compounds. 

An identical product was obtained when 2-keto-3-acetoxy-4-acetyldihydrofuran (6 g.) was heated under reflux for 
24 hrs. with acetic anhydride (35 ml.) and ethyl orthoformate (51 ml.), and the resultant products fractionated in 4 
vacuum, Yield, 2-6 g. of a fraction, b. p. 68—69°/0-06 mm., giving a 3 : 5-dinitrophenylhydrazone and a phenylhydrazone 
identical with those described above. 


All melting points are uncorrected. 
Microanalyses were carried out by Miss H. King. ive 
The authors wish to thank Miss S. J. Patterson for the determination of the absorption spectra, and Miss H. Weil 
for help in the preparation of intermediates. . 


THERAPEUTIC RESEARCH CORPORATION OF GREAT BRITAIN, LTD., 
Lonpon, W.C.2. (Received, September 25th, 1944.) 
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153. The Alkaloids of Gelsemium Sempervirens. Pari I. 
By W. G. C. Forsytu, S. F. Marrian, and T. S. STEVENs. 


Gelsemine and sempervirine have been isolated in improved yields ; and gelsemicine, most probably C,,>H,,0,N, 
and a secondary base, has been more fully characterised. Crystalline derivatives of further alkaloids have been 
obtained in small quantity. The catalytic hydrogenation of the three main components has been studied. 
Gelsemine is a powerful monoacid base (K = 2-3 x 10-5); the oxygen atoms are extraordinarily inert and their 
function is still obscure. Moore’s apogelsemine and isoapogelsemine (J., 1910, 97, 2223; 1911, 99, 1231) appear 
to be produced by hydration of an olefinic linkage in gelsemine. Numerous exploratory observations on the 
degradation of gelsemine and sempervirine are recorded. 


Tue American “ yellow jasmine,” Gelsemium sempervirens, Ait., has afforded the following crystalline alkaloids : 
gelsemine (C,9H,,O,N,), sempervirine (C,,H,,N,), and gelsemicine [C,,H,,0,N, (sic), Chou, Chinese J. Physiol., 
1931, 5, 131, 295], as well as amorphous constituents of doubtful individuality. Little is known of their 
constitution, although colour reactions and botanical relationships might suggest affinities with the Strychnos 
bases. 

By submitting 22-5 kg. of powdered Gelsemium root, supplied by Messrs. Burroughs Wellcome and Co., 
to a modification of Sayre and Watson’s procedure (J. Amer. Pharm. Assoc., 1919, 8, 708), we obtained in 
considerably improved yield gelsemine (29 g.) and sempervirine nitrate (19 g.). The fraction of amorphous 
bases having chloroform-soluble hydrochlorides—Sayre and Watson’s “ gelsemoidine ’’—afforded 1-5 g. of a 
new crystalline methiodide Cy >H4o(94,03;N,,CH,I; its specific rotation differed widely from that recorded by 
Moore (loc. cit.) for his apogelsemine methiodide of the same composition andm.p. No gelsemicine could at first 
be identified ; in isolating this rather unstable substance Chou worked up his material in a different manner. At 
a later stage of the investigation a sample of amorphous “ gelsemoidine’’ picrate was re-examined and 
gelsemicine readily isolated through its benzoyl derivative (see below) ; and enough of this alkaloid had survived 
for identification in a specimen of free ‘‘ gelsemoidine.”’ 

Concentrated Gelsemium tincture (8-2 1.), supplied by the same firm and similarly treated, afforded 6-75 g. 
of gelsemine, 1-75 g. of sempervirine nitrate, and 6—’7 g. of “ gelsemoidine ’”’ hydrochloride. There were also 
isolated 500 mg. of the crystalline picrate, C,,H,,O,N,,C,H,O,N;, m. p. 152°, of an amorphous base. Other 
materials of less certain homogeneity are recorded in the experimental section. This tincture was examined 
before the separation of gelsemicine as benzoyl derivative had been worked out, and the alkaloid was not 
identified. 

Some 60 g. of ‘‘ Nebenhydrochloride des Gelsemins ’’ (Merck), from the late Professor Barger’s collection, 
yielded no gelsemine, 2-5 g. of sempervirine nitrate, a little of the picrate, m. p. 152°, and 5-6 g. of what proved 
to be gelsemicine picrate, m. p. 203°. 

Gelsemine.—This alkaloid, by hydrogenation over palladium, afforded dihydrogelsemine, described while 
this work was in progress by Chu and Chou (J. Amer. Chem. Soc., 1940, 62, 1955), whose findings agree with 
ours. Over Adams’s platinum catalyst, the dihydro-derivative and then more slowly hexahydrogelsemine 
were produced. On the other hand, gelsemine was recovered unchanged after attempted reduction with sodium 
and cyclohexanol. 

By boiling gelsemine with hydrochloric acid, Moore (loc. cit.) obtained apogelsemine, C,,H,,O,N, (= gelse- 
mine + H,O), the isomeric isoapogelsemine, and the miscalled ‘‘ chloroisoapogelsemine,’’ C,,H,,0,N,Cl, which 
yields the isoapo-base on hydrolysis. Here the elements of water or hydrogen chloride are probably added 
to the double bond which is reduced in the formation of dihydrogelsemine, for this base is unaffected by hydro- 
chloric or hydriodic acid (cf. Chu:and Chou, Joc. cit.). Moreover gelsemine, with hydriodic acid and red phos- 
phorus, afforded the hydriodide, C,,H,,0,N,I,HI, of an amorphous,base. This is presumably “ iodoisoapo- 
gelsemine,’’ because of its mode of formation and since the product of its hydrolysis yielded a methiodide 
agreeing in properties with isoapogelsemine methiodide; by reduction with zinc and acetic acid ‘‘ iodoisoapo- 
gelsemine ’’ gave dihydrogelsemine. 

Gelsemine is a tertiary base, sharply monoacid in titration against methyl-red, of such strength * that the 
basic nitrogen atom can neither be attached to a benzene nucleus nor form part of an unreduced pyridine 
ting; hexahydrogelsemine also is a tertiary monoacid base. Gelsemine contains one N-methyl group (Marion, 
Canadian J. Res., 1943, 21B, 247). The methiodide reverts to gelsemine on attempted Hofmann degradation 
(Moore, Joc. cit.), and Emde reduction of dihydrogelsemine methiodide gave only an organo-mercury compound. 
With cyanogen bromide, gelsemine afforded in good yield comparable quantities of its hydrobromide and of a 
well-crystallised, feebly basic, bromine-free product of sharp and reproducible m. p. Imperfectly concordant 
analyses of separate preparations of the latter substance suggested that these were mixtures of derivatives 
containing one and two cyano-groups in the intact or at most demethylated gelsemine system. 

The function of the oxygen atoms in gelsemine is not clear. Dihydrogelsemine contains one reactive 
hydrogen atom, and Moore (loc. cit.) describes an acetylgelsemine. We failed to prepare this derivative or to 
benzoylate gelsemine or hexahydrogelsemine under Schotten—Baumann conditions (cf. Géldner, Ber. deut. 
Pharm. Ges., 1895, 5, 330), and Chu and Chou (loc. cit.) could not prepare an acetyl or a benzoyl derivative of 


* We are indebted to Dr. J. A. Mair, of this Department, for the following measurements: E.M.F. of system, quin- 


hydrone electrode in 0-0354Nn-gelsemine hydrochloride-saturated calomel element, 147, 148, 150 mv. at 13°; whence 
pH = 5-41 and K, = 2-3 x 10-5. 
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dihydrogelsemine, Gelsemine and its reduction products are not phenolic, as indicated by their insolubility 
in alkali and failure to couple with diazobenzene-p-sulphonic acid; hexahydrogelsemine is not, brominated in 
cold aqueous solution, and Chou and Chu find (J. Amer. Chem. Soc., 1941, 63, 827) that gelsemine reacts addi- 
tively with bromine. The alkaloid contains no methoxyl group (Moore, Joc. cit.), and di- and hexa-hydrogelsem- 
ine were unchanged by prolonged refluxing with hydriodic acid and red phosphorus. Not only could no 
oxime be prepared, but gelsemine and dihydrogelsemine resisted long boiling with the Grignard reagent, 
Finally, gelsemine was unaffected by aqueous baryta or alcoholic sodium hydroxide solution at 150°. 

Experiments on the general decomposition of gelsemine were not enlightening. Oxidation with perman. 
ganate, boiling dilute nitric acid, or hydrogen peroxide-osmium tetroxide gave no characterisable product, 
nor did treatment of dihydrogelsemine with the first two reagents. With selenium at 230° gelsemine yielded 
a substance, not fully studied, in which degradation had not proceeded to a usefulextent. Ata higher temper. 
ature Marion (loc. cit.) obtained a little 2 : 3-dimethylindole; gelsemine gives a positive Ehrlich reaction with 
p-dimethylaminobenzaldehyde. By heating gelsemine with palladium at 180—275° in presence or absence 
of air, or by distilling it over zinc dust, only ill-defined, readily resinifiable products were obtained. The 
only isolable product after potash fusion was a picrate, m. p. 152°, identical with that isolated from Gelsemium 
tincture. 

Sempervirine.—Three molecules of hydrogen were absorbed over palladium, and five in all over Adams's 
catalyst. In the former case, neither the product, which quickly resinified, nor any derivative could be crystal- 
lised ; in the latter, the crystalline material first isolated already contained oxygen and rapidly absorbed more 
in the air. Reduction of sempervirine by Clemmensen’s method, or at a lead cathode, gave no useful result. 
Surprisingly, the alkaloid was recovered as hydriodide after long boiling with hydriodic acid and red phosphorus, 

Sempervirine afforded a quaternary monomethiodide from which no definable product could be obtained on 
degradation by aqueous alkali. With cyanogen bromide, sempervirine gave the crude hydrobromide along with 
amorphous materials. No useful results were obtained by oxidation of sempervirine with permanganate, 
nitric acid, chromic acid, or hydrogen peroxide-osmium tetroxide, by heating it with palladium in air or oxygen, 
or by potash fusion. 

Gelsemicine.—The picrate, m. p. 203°, isolated from Merck’s ‘“‘ Nebenhydrochloride,”’ afforded a base which 
agreed with Chou’s gelsemicine in m. p., optical rotation, and m. p. of hydrochloride; the analytical data 
conform well to the formula C,,H,,0,N,, having one hydrogen atom fewer than Chou’s unconventional expres- 
sion. Gelsemicine was not hydrogenated over palladium; it absorbed one molecule of hydrogen rapidly, and a 
further two more slowly, in acetic acid over Adams’s catalyst. It is notable that each of the three Gelsemium 
bases contains two double bonds (or their equivalent) which are hydrogenated in this way with some reluctance. 
Gelsemicine has three active hydrogen atoms (Zerevitinov), but is insoluble in aqueous alkali; it rapidly darkens 
and resinifies in alkaline media. Schotten—Baumann benzoylation gave a monobenzoyl derivative which was 
non-basic and presumably substituted on the nitrogen atom. Gelsemicine was unaffected by carbonyl reagents. 
With methy] iodide it behaved as a secondary base, yielding a methylgelsemicine hydriodide. 


EXPERIMENTAL. 


Isolation of the Alkaloids—(a) From the powdered root. The powder was shaken with four parts of rectified spirit 
for 15—20 hours, and the extract evaporatedinavacuum. After basification with ammonia, the alkaloids were extracted 
with chloroform and taken up, after evaporation, in 0-5% hydrochloric acid, leaving much tar. Sempervirine nitrate 
was then precipitated by adding to the solution of hydrochlorides 1/20 of its volume of saturated sodium nitrate solution. 
The bases in the filtrate were liberated by ammonia, extracted with chloroform, and the concentrated extract shaken 
with 2n-hydrochloric acid until no more base was extracted. This acid solution was then basified with ammonia and 
shaken thrice with ether (A) and thrice with chloroform (B). The residue from extract (A) was dissolved in acetone, 
leaving an amorphous solid (200 mg.), m. p. 324° (decomp.), which could not be crystallised and gave no crystalline 
derivatives; from the acetone solution gelsemine was obtained in quantity, but the final mother-liquors afforded no 
gelsemicine when submitted to Chou’s procedure (loc. cit.). An alcoholic solution of the residue from extract (B) was 
saturated with hydrogen chloride, and light brown, amorphous hydrochlorides precipitated with ether. These were } 
mainly soluble in chloroform; from separate portions of this solution were obtained amorphous picrates of indefinite 
m. p., a non-crystalline base which resinified in air, and a crystalline methiodide, colourless prisms from 90% alcohol, 
m. p. 296—297° (decomp.) (Found: C, 52-5, 52-6, 52-5; H, 5-5, 5-6, 5-5; N, 5-9; I, 26-6. C,.9H,,O,;N,,CH,lI requires 
C, 52-3; H, 56; N, 5-8; I, 26-3%). It had [a]? + 3-9° (c = 1-022 in water); for apogelsemine methiodide Moore 
records [a]p + 12-4° (c = 1-335). Subsequently, the amorphous picrates just referred to were reconverted into the 
free bases,-and these were treated in cold chloroform with excess of benzoyl chloride and sodium hydroxide solution; an 
ethereal solution of the non-basic portion soon deposited benzoylgelsemicine (mixed m. p.). 

A further extraction of the root with boiling spirit afforded about half as much gelsemine and sempervirine as the 
cold extraction, and subsequent treatment with alcohol-concentrated hydrochloric acid (9: 1) extracted no more alkaloid. 

(b) From concentrated Gelsemium tincture. This was treated in the same way as the alcoholic extract of the powdered 
root. Again the gelsemine mother-liquors afforded no gelsemicine, but uncrystallisable bases which were converted into 
picrates. Of these, a picrate (100 mg.), insoluble in cold acetone, crystallised from aqueous alcohol in yellow micro- 
plates which turned bright red and melted at 185° (Found: C, 47:2; H, 5-1; N, 14-2. ©, F,,0;N»,2C,H,0,N, requires , 
C, 47-6; H, 5-4; N, 14:3%). The free base and its other derivatives were amorphous. The acetone-soluble fraction 
gave a yellow microcrystalline picrate, from aqueous alcohol, m. p. 152° (Found: C, 53-4; H, 4-7; N, 116 
CypH,,0,N,,C,H,O,N, requires C, 53-3; H, 4-6; N 12-0%). No homogeneous picrate could be isolated from the mother- 
liquors, but treatment of the liberated bases in chloroform with methyl iodide gave a colourless methiodide, m. p. 261 
ey Fe rey oy pee from alcohol-ether (Found: C, 50-0; H, 5-2; N, 6-5. Cy,H,»O,N,,CH,I requires C, 

; ’ ; , 6- %). - 

The amorphous, chloroform-soluble hydrochlorides obtained as from the fraction (B), above, were converted into 

picrates and crystallised from aqueous alcohol, giving first 500 mg. of the salt, m. p. 152°, just described, and on further 
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rystallisation from water successively two additional fractions, m. p. 140° (Found : C, 49-9; H, 45%) and 118° (Found : 

51-6; H, 4-3; N, 12-9. CygHg,O N,,C,H,O,N, requires +5 §1-7; H, 4-1; N, 12-6%). 

; (c) From Merck's *‘ Nebenhydvochloride.” Sempervirine was separated in the usual way as nitrate. The ethereal 
extracts which previously afforded gelsemine here gave none of that base, but on treatment with picric acid yielded 
selsemicine picrate, yellow plates from methyl alcohol, m. p. 203° (Found: C, 53-5; H, 4-7; N,11-8. C,9H,,O,N,,C,H,O,N, 
requires C, ented Mh 4-6; N, 12-0%). Small quantities of the picrates of m. p.’s 152° and 118° were also isolated as 
previously described. 

Gelsemine.—The acetone-free base had [a]? + 17-8° in chloroform (c = 2-026); Moore and Chou (locc. cit.) give 
+15-9° and +10°, respectively, in that solvent. An alcoholic solution of gelsemine gave a deep pink coloration with 
-dimethylaminobenzaldehyde in hydrochloric acid. On rapid heating, gelsemine hydrochloride melts at 333° (decomp.) ; 
foore gives ‘‘ about 300°." The hydrobromide, prepared in and crystallised from slightly aqueous alcohol, formed 
prisms, m. p. 325° (decomp.) (Found: C, 59-7; H, 5-9. C,H,,O,N,,HBr requires C, 59-6; H, 5-7%). The metho- 
bromide, prepared in ether, crystallised from alcohol in needles, m. p. 313—314° (Found: C, 60-4; H, 6-1. 

H20,N,CH,Br requires C, 60-4; H, 6-0%). The methiodide [m. p. variable, 286—301° (decomp.)] had [a]}** + 6-0° 
(in water, ¢ = 0-928); Moore gives +8-9°. 

Reduction of Gelsemine.—Gelsemine (100 mg.) was freed from acetone at 120—140° and treated in boiling cyclo- 
hexanol (10 c.c.) with sodium (0-3 g.). Most of the base was recovered and no other substance could be detected. 

In aqueous alcohol over palladium-black the alkaloid absorbed 1 mol. of hydrogen in an hour, and reaction then 
ceased. The product crystallised from acetone in needles, m. p. 220—221° [Chou (loc. cit.) gives 224—225°] (Found : 
C, 741; H, 7-3; active H, 0-32. Calc. for C,.H,,O,N,; C, 74:1; H, 7-4; 1 active H, 0-31%). A solution of dihydro- 
gelsemine in 25% nitric acid turns bright green on warming, and passes through dark green, black, and violet to pale 
pink. The hydrochloride crystallises from alcohol in needles, m. p., air-dried, 328° (decomp.) [Chou records 318—320° 
(decomp.)] (Found: C, 63-3; H, 7-4; N, 7-7; Cl, 9-4. Cale for C,5H,,O,N,,HCI,H,O; C, 63-5; H, 7-2;. N, 7-4; Cl, 

The methiodide was prepared in acetone and crystallised from alcohol-ether (Found: C, 54-1; H, 5-8; N, 6-0; 

Calc. for Cy>H,,O,N,,CH,I; C, 54-1; H, 5-8; N, 6-0; I, 27-3%); attempted Emde reduction with sodium 
amalgam gave a brown, amorphous solid which was insoluble in all solvents except aqueous alkali, and appeared to be an 
organo-mercury compound. A ey ey was recovered unchanged after 2 hours’ boiling with excess of methyl- 
magnesium iodide in ether, and after 21 hours’ refluxing with hydriodic acid (d 1-7) and red phosphorus. 

Over Adams’s catalyst in dry acetic acid, gelsemine absorbed 1 mol. of hydrogen rapidly, and two more slowly (5 
hours at 19°; absorption 3-07, 3-02 mols.); the intermediate product was the known dihydrogelsemine. Hexahydro- 
gelsemine was liberated by adding sodium hydroxide to the filtered solution after concentration in a vacuum. It crystal- 
lises from. acetone in needles, m. p. 170° (Found: C, 73-2; H, 8-7; N, 8-4. CygH,,0,N, requires C, 73-2; H, 8-5; N, 
85%), and unlike gelsemine and dihydrogelsemine gives no characteristic colour reaction with concentrated sulphuric 
acid and potassium dichromate. It is somewhat soluble in water, and partly precipitated from aqueous solution by 
addition of sodium hydroxide. The methiodide, prepared in cold acetone and crystallised from alcohol-ether, melted at 
296° (Found: C, 53-4; H, 6-8; N, 5-9. C, 9H,,O,N,,CH,I requires C, 53-6; H, 6-6; N, 6-0%). Hexahydrogelsemine 
was recovered unchanged after attempted Schotten-Baumann benzoylation, and after 18 hours’ boiling with excess of 
hydriodic acid (d 1-7) and red phosphorus. Addition of bromine-water to an aqueous solution of hexahydrogelsemine 
gave an Orange precipitate, m. p. 220°, evidently a perbromide, the alcoholic solution of which became colourless on 
boiling and subsequently afforded unchanged hexahydrogelsemine. 

“ Iodoisoapogelsemine.’’—Gelsemine (150 mg.) was refluxed with hydriodic acid (12 c.c.; d 1-7) for 30 hours. Neither 
the basic reaction product nor its methiodide could be crystallised; but a concentrated solution of the former in b oiling 
alcohol, treated with hydriodic acid (0-5 c.c.; d@ 1-7), at once gave cgystalline ‘‘ iodoisoapogelsemine '’ hydriodide, needles 
from aqueous alcohol, m. p. 298° (decomp.) (Found: C, 41-8; H, 4-0; N, 4:8. C,9H,,0,N,I,HI requires C, 41-5; H, 
42; N, 48%). The base was refluxed with aqueous-alcoholic potassium formate for 6 hours. The resulting base could 
not be crystallised, but its methiodide, prepared in ether—chloroform, crystallised from aqueous alcohol-ether in plates, 
m. p. 266° (decomp.), in agreement with Moore’s description of isoapogelsemine methiodide. ‘‘ lodoisoapogelsemine ”’ 
hydriodide (200 mg.) was reduced by boiling in acetic acid with zinc dust (1 g.) for several hours. The basic product, 
crystallised from acetone, was identical (mixed m. p.) with dihydrogelsemine; the methiodide melted at 301—302° 
(decomp.) (Found: C, 54-0; H, 5-6; N, 61%). ‘‘ lodoisoapogelsemine ’’ (400 mg.) was refluxed with diethylaniline 
(li c.c.) for several hours. After addition of sodium carbonate and steam-distillation, the residue was extracted with 
ether and crystallised thrice from acetone (charcoal). Colourless prisms were obtained, m. p. 106—108° (Found: C, 
72-1; H, 7-1; N, 8-6. Calc. for C..H,,O,N,; C, 74:5; H, 6-8; N, 8-7%), agreeing with Moore’s description of the 
isomeride of gelsemine formed in the same way from “ chloroisoapogelsemine.’”’ The carbon value is discrepant, but 
owing to the very small yield a further preparation was not undertaken. 

Action of Cyanogen Bromide.—A slight excess of dry, freshly prepared qyanogen bromide was added to gelsemine 
(1 g.) in ether—benzene, and the mixture refluxed (protected from moisture) ,for 6 hours. The colourless precipitate, 
after crystallisation from alcohol, melted at 326° (decomp.); two samples had the approximate composition of gelsemine 
hydrobromide (Found : C, 59-6, 59-6; H, 5-9, 6-0; N, 7-5, 7-4%), and the free base, purified with some difficulty, was 
identical (mixed m. p.) with gelsemine. The ethereal filtrate from the crude hydrobromide was evaporated, and the 
residue crystallised from alcohol in lustrous plates or prisms (0-5 g.). In several experiments the product melted sharply 
at 216°, but the analytical data suggest that all samples were mixtures [Found: C, 70-8, 71-7, 71-8; H, 5-6, 5-5, 5-6; 
N, 12-3, 13-2, 13-9, 14-1. Calc. for CygH,,O,N,(CN): C, 72-6; H, 6-1; N, 121%]. In a micro-hydrogenation over 
palladium, the substance absorbed 2-00 mols., on the basis of the same formula; the product was a weak base extracted 
incompletely from ether by dilute hydrochloric acid. The product of m. p. 216° gave an amorphous hydrochloride 
with dry hydrogen chloride in ether, but was insoluble in the aqueous acid and did not combine with methyl iodide in 
boiling benzene. Boiled for 6 hours with alcoholic potash, it afforded an uncrystallisable product which in cold acetone 
yielded a methiodide, m. p. 297—-298° (decomp.) after recrystallisation from aqueous alcohol-ether (Found: C, 53-1; 
H, 5-7; N,6°7; I, 27-7. Calc. for CygH,,O,N,,CH,I: C, 54-3; H, 5-4; N, 6-0; I, 27-4%). 

Function of the Oxygen Atoms.—In an attempt to repeat Moore’s preparation of acetylgelsemine, the product could 
be crystallised only from acetone, giving needles which meltéd at 106°, solidified at 120°, and remelted at 176°; after 


. 


Magnesium bromide. 


To diagnose a possible lactam system, the base was heated with excess of 10% barium hydroxide solution at 150° for 
lours. Most of the gelsemine was recovered by extraction with ether, and nothing could be isolated as benzoyl deriv- 
ative after treatment of the alkaline layer with benzoyl chloride. Gelsemine was similarly recovered after 10 hours’ 
hating at 150° with 6N-aqueous—alcoholic potassium hydroxide solution. 
Action of Selenium.—Gelsemine (500 mg.) was heated with selenium (250 mg.) in nitrogen at 230° for 18 hours. From 
RR 
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the cooled melt ether removed a little material, probably impure gelsemine; subsequent extraction with chloroform 

- in small yield an acetorie-insoluble, amorphous base. This combined with methyl] iodide in boiling alcohol—chloro. 
orm, giving a methiodide, m. p. 270° (decomp.) after crystallisation from aqueous alcohol-ether and drying at 120° 
Found ; C, 52-4, 52-7; H, 5-8, 5-5; N, 6-5, 7-1; I, 25-9. Calc. for C,9H,,O,N,,CH,I: C, 52-3; H, 5-6; N, 5-8; |, 
6-3 fy) . 

‘otash Fusion.—Gelsemine (400 mg.) was heated in a heavily-silvered glass tube with potassium hydroxide (800 mg) 
in a current of pure, dry air for 15 minutes at 300°. No volatile product was detected. On treatment with water and 
acid, the melt dissolved completely, and on basification gave an insoluble amorphous base which afforded the picrate, 
m. P. 152°, already isolated from Gelsemium tincture (Found: C, 53-3; H, 4-7%). A similar fusion at 400° gave the same 
result. 

Sempervirine.—The picrate, prepared by re alcoholic picric acid to sempervirine in chloroform, and crystallised 
from alcohol, melted at 268° (decomp.) (Found: C, 5-98; H, 3-9. Calc. for C,,H,,N,,C,H,O,N,: C, 59-9; H, 3-8%). 
The hydrobromide, m. p. 325° (decomp.) (Found: C, 59-2; H, 5-7; N, 7-6. Cy H,,N,,HBr,2H,O requires C, 58-4: 
H, 5-4; N, 7-2%), and the hydriodide, m. p. 333—335° (decomp.) (Found: C, 57-1; H, 4-1. C,H,,N,,HI requires C, 
57-0; H, 43%), crystallised from alcohol in minute yellow needles. Sempervirine methiodide, prepared in chloroform 
as buff-coloured plates and crystallised from aqueous alcohol, melted at 348° (decomp.) (Found: C, 57-9; H, 4-9; N, 
6-8. Cy H,,N,,CH,I requires,C, 58-0; H, 4-6; N, 68%). Heated for 4 hours at 195° with 20% potassium hydroxide 
solution, it yielded an amorphous basic solid which gave no crystalline derivatives. 

Reduction.—In alcohol over palladium-black, sempervirine absorbed 2-8 mols. of hydrogen, yielding a colourless resin 
which darkened in air and gave na crystallisable derivatives. Over Adams’s catalyst in acetic acid 3 mols. of hydrogen 
were absorbed in 30 minutes, and action ceased after 5 hours with absorption of 4-8, 5-0 mols. in all. The decahydn. 
sempervirine, at first colourless, was liberated by sodium hydroxide and extracted with chloroform, the solution was 
concentrated: in a vacuum, and the deep yellow residue crystallised from acetone. The pale yellow needles so obtained 
melted at 205° and contained oxygen (Found: C, 77-9; H, 8-1; N, 9-6. C,,H,,ON, requires C, 77-0; H, 8-1; N, 9-5%): 
they slowly turned red and the oxygen content increased. Sempervirine was boiled for 30 hours with excess of hydriodic 
acid (4 1-7) and red phosphorus. A little solid separated on dilution with water and more was produced on partly 
neutralising the filtrate with sodium carbonate. It had the properties of sempervirine hydriodide (Found: C, 57-1; 
H, 41%), and afforded sempervirine (mixed m. p.) with sodium hydroxide. 

Action of Cyanogen Bromide.—Sempervirine was warmed for 6 hours with excess of the reagent in ether—chloroform, 
and the dark brown precipitate collected; nothing crystalline could be prepared from the filtrate. The precipitate, 

crystallised several times from alcohol, formed bright yellow needles, m. p. 325° (decomp.), evidently impure sempervirine 

hydrobromide (Found: C, 61-0, 60-9; H, 5-3, 5-4; N, 8-3, 8-1%), since the liberated base yielded sempervirine picrate, 

—) p. "a 140% m. p. 267° (decomp.) (Found: C, 59-2; H, 4-0; N, 13-8. Calc. for C,,H,,N,,C,H,O,N,: C, 59-9; 
, 8; N, 14-0%). 

Gelsemicine.—The picrate was dissolved in 10% hydrochloric acid, the picric acid extracted with benzene, and the 
base freed by ammonia and extracted with ether. It crystallised from acetone in clusters of prisms, m. p. 170°, [a}* 
— 141° in chloroform (¢ = 1-10). In micro-hydrogenations, 3-00 mols. of — were absorbed over Adams’s catalyst 
in acetic acid, but none over palladium; micro-Zerevitinov (Weiler and Strauss) showed 2-81 active hydrogen atoms. 
The hydrochloride formed warty rosettes of micro-prisms, m. p. 140—142°. Benzoylgelsemicine, prepared by shaking 
the alkaloid in cold chloroform with benzoyl chloride and sodium hydroxide solution, crystallised from alcohol in colourless 
needles, m. p. 232°. It was hydrolysed cleanly and almost completely by 4 hours’ boiling with 5n-aqueous-alcoholic 
sulphuric acid. Gelsemicine was recovered unaltered after boiling for 4 hours with hydroxylamine hydrochloride in pyri- 
dine, and no 2 : 4-dinitrophenylhydrazone could be prepared. A solution of gelsemicine and methyl iodide in chloroform 
slowly deposited a solid which crystallised from alcohol in glistening plates, m. p. 227°, evidently a methylgelsemicine 
hydriodide, since they yielded on treatment with ammonia an oily base giving an uncrystallisable picrate. Analytical 
data on gelsemicine derivatives are tabulated below, with calculated values based on the formule (a) C,,H,,O,N, and (b) 
Cy9H,,0,N, for the alkaloid. 


Gelsemicine Methyigelsemicine 
monopicrate. icine. hydriodide. 

, eae 
51-0 5-6 
50-6 5-4 
50-4 5-8 











a} 


J 


: 3 N 
POC, Wy wasiiscsdsscsecses : ° . . ° . . 6- 
(a) Calc., 4 dh chigice ays een 6- 
(Bt | a, Savon 6- 


ANN 
oom: 


The authors’ thanks are due to the Carnegie Trustees for a Scholarship (S. F. M.), to the Scottish Education Depart- 
ment for a State Research Grant (W. G. C. F.), to the Chemical Society for a grant from the Research Fund, and to 
Mr. J. M. L. Cameron for the micro-analyses. 


UNIVERSITY OF GLASGOW. (Received, April 20th, 1945.) 





154. The Synthesis of Substances related to the Sterols. Part XLIV. 
dl-cis-Equilenin. . 
By A. J. Bic, (Mrs.) R. JazGER, and Sir Ropert Rosinson. 


cis-8-Methyl-a-hydrindanone Oy). 3’-keto-2-methyl-1 : 2 : 3 : 4-tetrahydrocyclopentenophenanthrene 
(VIII, R = H), and “$e ilenin (VIII, R = OH) have synthesised by application of the procedure 
of Birch and Robinson (J., 1944, 501) for angular methylation. All these compounds probably have the cis- 
configuration, and the method is therefore not directly 4 ey to the preparation of the natural ivans- 
— Removal of the piperonylidene group from (II, R = OCH,) by the method of Johnson (J. Amer. 
Chem. Soc., 1943, 65, 1317) gave a chloro-cis-equilenin methyl ether (V). In view of the possible eventual 
therapeutic application of a substance so closely related to a hormone, it may be pointed out that cis-equilenin 
could be produced on a useful scale by the method now described. The only unsatisfactory stage is the 
cyclisation to a diketone (yield, 25%). 
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x-NOREQUILENIN (I, R = OH) was synthesised by Koebner and Robinson (J., 1938, 1994) who also methylated 
the piperonylidene derivative of its methyl ether to the derivative of an +-equilenin methyl ether (II, R = 
OCH,), thought to have the iso-configuration. No method was then available for the removal of the 
piperonylidene group. Johnson (loc. cit.) later devised a method for the removal of the benzylidene group 
from benzylidene-9-methy]-a-decalone by chlorination at the double bond, followed by hydrolysis in several 
stages. When this process was applied to (II, R = OCH;) it was found that a chlorine atom was introduced 
by substitution before addition to the double bond took place, and if chlorination was carried far enough to 
accomplish this, the product resulting from the initial stages of the hydrolysis was a chloro-diketone. Further 
hydrolysis of this with alkali gave a mixture of a chloro-acid and an x-chloroequilenin methyl ether. On the 
assumption, almost certainly correct, that the chlorine enters the 8-position these substances may be formulated 
as (III), (IV), and (V). Since oxidation of (II, R = OCH,) by potassium permanganate in acetone solution 
gave the dicarboxylic acid (VI), which Bachmann, Cole, and Wilds (J. Amer. Chem. Soc., 1940, 62, 824) have 


converted into isoequilenin, this and the above compounds must belong to the iso-series, which is also probably 
the cis-series from results outlined below. 


Recently, Birch and Robinson (loc. cit.) described the preparation of 9-methyl-a-decalone from «-decalone 
by blocking the methylene group adjacent to the carbonyl with a methylanilinomethylene group, methylation 
of the product, and hydrolysis. This process has now been carried out with cis-«-hydrindanone, which was 
prepared from 2-hydroxymethylene-«-decalone by oxidation with potassium permanganate in alkaline solution, 
and cyclisation of the resulting é#vans-cyclohexane-1-propionic-2-carboxylic acid by heating with a trace of 
baryta to 300—320°. cis-8-Methyl-«-hydrindanone (VII) was obtained as the sole final product when the 
methylation was carried out with the sodium derivative in ether or boiling toluene, or with the potassium 
derivative in boiling butyl alcohol. The properties of the ketone and its derivatives agree with those observed 
by Johnson (J. Amer. Chem. Soc., 1944, 66, 216). 

A similar methylation of (I, R = H) gave (VIII, R = H) in what igs-presumably the cis-form, which proved 
to be identical with the a-form, m. p. 100—101°, obtained by Bachmann and Wilds (J. Amer. Chem. Soc., 
1940, 62, 2084). Its piperonylidene derivative is identical with that obtained by Koebner and Robinson 
(loc. cit.) by methylation of the piperonylidene derivative of (I, R = H). 

The methylation of (I, R = OCH;) was then examined in the hope of obtaining equilenin methyl ether. 
One step in the synthesis of this ketone by Koebner and Robinson (loc. cit.) is the ring closure of the acid 
(IX, R = OCH,) to the diketone (X, R = OCH,) which they accomplished by solution in phosphoric acid and 
addition of a large amount of phosphoric anhydride. Owing to the great evolution of heat the temperature is 
dificult to control, and inconsistent results were obtained. The process was modified, and under the con- 
ditions now prescribed it is possible to obtain reproducible yields in the neighbourhood of 25%. Other cyclising 
agents, including anhydrous hydrogen fluoride, gave none of the required product, although this reagent gave 
asmall yield of the diketone (X, R = H) from the acid (IX, R= H). The phosphoric acid—phosphoric 
anhydride method may have wide application for small-scale cyclisations, since y-phenylbutyric acid gave 
an 86% yield of a-tetralone and 8-m-methoxyphenylpropionic acid gave a 61% yield of 5-methoxy- 
a-hydrindone. 

The product of methylation of (I, R = OCH,) was found to be identical with the dl-isoequilenin methyi 
tther, m. p. 125°, of Bachmann, Cole, and Wilds (loc. cit.). It seems almost certain from the results obtained 
with «-hydrindanone that this has the cis-configuration, and consequently that equilenin (and probably the 
other hormones and sterols) has the #vans-configuration at the junction of rings Cand D. No evidence of the 
formation of more than one stereoisomer was found in any of these methylations. Methylation of «-decatone 
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gave some of the trans-isomer (Birch and Robinson, loc. cit.), and it is therefore possible that the natural 


tvans-series of hormones could be reached through chrysene derivatives such as (XI) (cf. also Johnson, J. A mer, 
Chem. Soc., 1944, 66, 215).* 
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EXPERIMENTAL. 


1-Ketohydrindane (cf. Windaus, Hiickel, and Reverey, Ber., 1923, 56, 96).—2-Formyl-a-decalone (13 g.) was dissolved 
in ice-cold aqueous sodium hydroxide (200 c.c. of 3%), and powdered potassium permanganate (37 g.) slowly added with 
vigorous stirring, together with sufficient broken ice to maintain the temperature at about 0°. After 2 hours the pre. 
cipitate was collected, well washed with warm water, and the combined solutions concentrated to about 70 c.c. under 
reduced pressure. Acidification gave pale brown crystals (9 g.) (colourless prisms from aqueous acetic acid; m. p. 143° 
after softening at about 138°) which were ground with baryta (0-8 g.) and slowly distilled from an air-bath at 300—320°, 
The distillate was washed with sodium carbonate solution, dried, and the ketone (4 g.) was obtained as a colourless oil, 
b. p. 2P8—220°; semicarbazone, m. p. 212—213°. 

1-Keto-2-hydroxymethylenehydrindane.—A mixture of the above ketone (4 g.), ethyl formate (5 g.), powdered sodium 
(1-3 g.), and dry ether (45 c.c.) was kept for 12 hours with occasional shaking. The product was decomposed with ice 
and water, the aqueous solution acidified with acetic acid, and the oil collected with ether and distilled. The ketone formed 
a pleasant smelling, colourless oil, b. p. 126—128°/12 mm. (3-2 g.) (Found: C, 71-5; H, 8-4. C,9H,,O0, requires C, 72:3; 
H, 8-4%). 

1-Keto-2-methylanilinomethylenehydrindane.—The formyl derivative (3-2 g.) and methylaniline (4 g.) in toluene 
(15 c.c.) were heated together on the steam-bath for an hour, the solvent evaporated under diminished pressure, and the 
‘ residue crystallised from ethyl acetate-light petroleum (b. p. 40—60°), forming colourless, flat prisms (3-7 g.), m. p. 98° 

(Found: C, 79-6; H, 8-0. C,,H,,ON requires C, 80-0; H, 8-2%). . 

Methylation.—(I) The above compound (1-5 g.) was treated with sodamide (from 0-15 g. of sodium and a trace of ferric 
nitrate in liquid ammonia) in boiling toluene (15 c.c.) during an hour. Methyl iodide (2 g.) was then added to the boiling 
solution, and refluxing continued for 15 minutes. The pale yellow resinous product was hydrolysed by refluxing for 
2 hours with a mixture of water (20 c.c.), alcohol (15 c.c.), and concentrated sulphuric acid (4 c.c.), the product was 
extracted with ether, and then boiled for 2 hours with 5% sodium hydroxide solution (30 c.c.). A pale yellow oil witha 
camphoraceous odour was isolated by extraction with ether and converted directly into the semicarbazone. This was 
obtained as colourless, flat prisms (0-3 g.), m. p. 223—224° (Found: C, 63-1; H, 9-0. Calc. for C,,H,,ON;: C, 63:1; 
H, 9-1%). 

(II) A similar experiment, ether (25 c.c.) being substituted for the toluene, gave as final product the same semi- 
carbazone (0-48 g.) (yield 40%). This on treatment with 2 : 4-dinitrophenylhydrazine sulphate in aqueous alcohol gave 
the 2 : 4-dinitrophenylhydrazone, which crystallised from ethyl acetate—alcohol as pale orange prisms, m. p. 140—141° 
(lit., 140—141°). 

The semicarbazone was mixed with 10% hydrochloric acid and steam-distilled, the cis-8-methyl-a-hydrindanone 
being obtained as a colourless, camphor-like substance, m. p. 32—34°; oxime, m. p. 88—89°; 2: 4-dinitrophenyl- 
hydrazone, m. p. 140—141°; p-nitrophenylhydrazone, m. p. 178—179°. Johnson (J. Amer. Chem. Soc., 1944, 66, 216) 
gives the following m. p.’s, respectively : 35-4—-36°, 87—-88°, 140-5—-141°, and semicarbazone, m. p. 224-5—225-5°. 

(III) A mixture of the methylanilinomethylene derivative (2-0 g.), a solution of potassium (2-0 g.) in ¢ert.-buty] alcohol 
(35 c.c.), and methyl iodide (15 g.) was refluxed for an hour, most of the solvent removed under reduced pressure, and 
the residue diluted with water and extracted with ether. Hydrolysis as in (I) above, and treatment with semicarbazide 
acetate, gave a semicarbazone (0-7 8-), m. p. 215—220°. Several crystallisations from dioxan—alcohol gave the pure 
cis-derivative (0-6 g.), m. p. 224—225°. 

Degradation of 3’-Keto-1-methoxy-4’-piperonylidene-2-methyl-1 : 2 : 3 : 4-tetrahydro-1 : 2-cyclopentenophenanthrene (II; 
R = OMe).—(A) Oxidation. The methylated piperonylidene derivative (Koebner and Robinson, J., 1938, 1994) (160 mg.) 
in pure acetone (15 c.c.) was stirred and cooled in ice, and finely powdered potassium permanganate (250 mg.) added in 
portions. When all the permanganate had disappeared the acetone was evaporated, and the residue thrice extracted 
with boiling water (10 c.c.). Acidification gave a crystalline solid, which crystallised in colourless prisms from acetone- 
ethyl acetate, m. p. 229—231° (Found: C, 68-9; H, 6-0. Calc. for C,gH,.O,; :  C, 69-4; H, 6-1%). Bachmann, Cole, 
and Wilds (loc. cit.) give m. p. 231—232° for the expected acid (VI). 

(B) Chlorination and hydrolysis (cf. Johnson, J. Amer. Chem. Soc., 1943, 65, 1317). (I) The piperonylidene compound 
(800 mg.) was dissolved in pure dioxan (15 c.c.), and 1-75 c.c. of an 8% solution of chlorine in carbon tetrachloride added 
slowly with ice-cooling. Evaporation of the solvent at room temperature under reduced pressure left a yellow resin, 
which was treated with sodium ethoxide and acid as below. The product was a yellow solid which gave no colour with 
ferric chloride, and was unaffected by refluxing with aqueous-alcoholic potash. It was purified by passage of its alcohol- 
ethyl acetate solution through a column of alumina, and crystallisation from dioxan—alcohol, and then formed a pale yellow 
crystalline powder, m. p. 203—204° (Found: C, 71-2; H, 5-5; Cl, 7-4. C,,H,,0,Cl requires C, 72-5; H, 5-2; Cl, 7-5%)- 
‘This substance is evidently a mono-chloro-derivative of (II). 

(II) Chlorine in carbon tetrachloride (3 c.c. of 8% solution) was added to the piperonylidene compound (900 mg.) 
in dioxan (15 c.c.) cooled in ice, and the solvent removed at room temperature under reduced pressure. The gummy 
residue was taken up in a little benzene, a solution of sodium (0-2 g.) in alcohol (10 c.c.) added, and the mixture heated 
on the steam-bath for an hour. The solvent was then removed, and the residue refluxed for $ hr. with 15% hydro- 
chloric acid (20 c.c.). The product was taken up in benzene, and refluxed for an hour with 2% aqueous sodium hydroxide 
(100 c.c.). A pale yellow sodium salt separated, and was collected. Neither the benzene nor the aqueous layer contained 


* Professor W. S. Johnson and his collaborator, Mr. H. Posvic, have kindly informed us that, under the conditions 
described in Part XXX’V (J., 1941, 467), no condensation occurred between cyclopentanone and ethyl orthoformate and 
that the only product was cyclopentylidenecyclopentanone. This finding is in agreement with the only analysis quoted 
(% N in a semicarbazone) and with the properties of the supposed ethoxymethylenecyclopentanone (cf. Kon and Nutland; 

., 1926, 3011). In view of the exiguous evidence and the inapplicable catalyst we had intended to expunge the record 
of this experiment but the matter was unfortunately forgotten.—L. E. K., R. R. 
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the expected products, and treatment of the solid sodium salt with dilute acid a solid which crystallised from 
acetate as colourless prisms, m. p. 178° (Found: C, 70-1; H, 5-0; Cl, 7-55. C,,H,,0,Cl requires C, 70-0; H, 5-0; C1, 


7-7%). As stated on p. 583, this chloro-diketone is probably (III). It gave a cherry-red colour with alcoholic ferric 
chloride. Hydrolysis of this substance (35 mg.) was finally accomplished by refluxing for 24 hours with & solution of 


potassium hydroxide (3 g.) in water (12 c.c.) and alcohol (12 c.c.). Dilution with water (50 c.c.) and extraction with a 
large volume of ether gave a brownish solid which was boiled with alcohol (5 c.c.) (charcoal); on concentration to a small 
bulk, the solution deposited colourless prisms, m. p. 178—180°. Sublimation at 0-1 mm. and crystallisation from alcohol 
gave colourless, well-formed prisms, m. p. 183—184° (Found: C, 71-9; H, 6-0. C,,H,,0,Cl requires C, 72-5; H, 6-0%). 
This chloro-cis-equilenin methyl ether ” gave an orange, very sparingly soluble 2 : 4-dinitrophenylhydrazone, m. p. 290° 
(Found: C, 59-9; H, 4-8. C,,H,,0,N,Cl requires C, 60-7; H, 4-9%). Acidification of the alkaline solution from the 
hydrolysis gave an acid (IV), which crystallised from acetic acid as colourless prisms, m. p. 212° (Found : C, 67-5; H, 5-3. 
Cy7Hys06Cl requires C, 67-4; H, 5-2%). 

3’-Keto-4’-formyl-1 : 2 : 3 : 4-tetrahydro-1 : 2-cyclopentenophenanthrene.—3’- Keto-1 : 2 : 3 : 4-tetrahydrocyclopenteno - 
phenanthrene (3 g.), ethyl formate (3-5 c.c.), and powdered sodium (0-8 g.) in benzene (30 c.c.) were shaken for an hour 
and left for 12 hours. The mixture was then decomposed with ice and dilute acetic acid, the benzene layer removed 
and shaken with ice-cold 3% aqueous potassium hydroxide until no more acidic material was extracted. Acidification 
with acetic acid gave the formyl compound as a cream-coloured solid (3 g.), which crystallised from ethyl acetate-light- 
petroleum (b. p. 40—60°) as cream-coloured plates (2-4 g.), m. p. 134° (Found: C, 81-2; H, 6-3. C,,H,,O, requires C, 
81-0; H, 6-35%). It gave a purple-brown coloration with alcoholic ferric chloride. 

3’-Keto-4’-methylanilinomethylene-2-methyl-1 : 2 : 3 : 4-tetrahydro-1 : 2-cyclopentenophenanthrene.—A mixture of the 
above formyl compound (2-3 g.), methylaniline (1 g.), and toluene (20 c.c.) was heated on the steam-bath for 4 hours, 
the water formed being removed occasionally by distilling a little solvent. Addition of light petroleum (b. p. 80—100°) 
(15 c.c.) to the hot solution and cooling gave pale yellow prisms (2-5 g.), m. p. 164°. These were dissolved in benzene 
(60 c.c.) and added to sodamide, formed by catalytic decomposition by a trace of ferric nitrate of sodium (0-25 g.) in liquid 
ammonia (15 c.c.) followed by removal of thesolvent. After 80 mins.’ heating on the steam-bath in a stream of hydrogen, 
ammonia ceased to be evolved, and a mixture of methyl iodide (2 g.) and benzene (5 c.c.).was added. After a further 
45 minutes’ heating the mixture was cooled, shaken with dilute acetic acid, dried, and most of the solvent removed under 
reduced pressure. A little methyl alcohol was added to the residue, and crystallisation then occurred. The solid product 
(A) formed pale yellow prisms (0-6 g.) from methyl alcohol, m. p. 149—150° (Found: C, 84-7; H, 6-9. C,,H,,ON 
requires C, 85-0; H, 6-8%). The mother-liquor contained a pale yellow gum (2 g.) (B). 

3’-Keto-2-methyl-1 : 2 : 3 : 4-tetrahydro-1 : 2-cyclopentenophenanthrene (VIII; R = H).—Compound (A), above, was 
refluxed with 10% hydrochloric acid (35 c.c.) for 14 hours, the product collected with ether, and refluxed for a further 
hour with 5% aqueous sodium hydroxide. The product was taken up in ethyl acetate, passed through alumina, sublimed 
at 0-1 mm., and finally crystallised from methyl alcohol; colourless prisms, m. p. 100—101° (Found: C, 85-7; H, 7-2. 
Calc. for CygH,,0: C, 86-4; H, 7-2%). The gum (B) was submitted to the same process, and gave some of the same 
compound, together with a little lower-melting material. The pure product depressed the m. p. of the starting ketone. 
It gave a piperonylidene derivative as pale yellow plates from ethyl acetate—alcohol, m. p. 158—159°, alone or mixed with 
a specimen, m. p. 157—-158°, prepared by Koebner and Robinson. 

Ethyl 3-B-6’-Methoxynaphthyl-A*-cyclopenten-1-one-2-acetate.—3-B-6’-Methoxynaphthyl-A*-cyclopenten-1-one-2-acetic 
acid (30 g.; cf. Koebner and Robinson, Joc. cit.) was refluxed with 5% alcoholic hydrogen chloride (300 c.c.) for 2 hours. 
The ester separated on cooling after dilution with a small volume of water. It was purified for the subsequent hydrogen- 
ation by passing a solution of the crude product in ethyl acetate through a column of charcoal. After removal of the 
solvent the residue crystallised from alcohol in slightly yellow needles (30 g.), m. p. 114—115° (Found: C, 73-9; H, 6-3. 
CHO, requires C, 74-0; H, 6-2%). 

3-B-6’-Methoxynaphthylcyclopentan-1-one-2-acetic Acid (IX; R = OMe).—The unsaturated ester (5 g.), suspended in 
pure ethyl acetate (75 c.c.), was hydrogenated at the room temperature in the presence of palladised strontium carbonate 
(2 g. of 15%), hydrogen being absorbed at the rate of 60 c.c. per hour. The reduced ester was hydrolysed as described 
by Koebner and Robinson (loc. cit.). 

3’ : 4-Diketo-7-methoxy-1 : 2 : 3 : 4-tetrahydro-1 : 2-cyclopentenophenanthrene (X ; R = OMe).—The following conditions 
are the result of many comparative experiments and should be closely observed. The above acid (3 g.) was stirred by 
means of a thermometer into a mixture of phosphoric anhydride (10 g.) and syrupy phosphoric acid (1 c.c.; d 1-75) 
at120°. The mixture was maintained at 120—125° (bath at 145°) for 2—3 minutes with vigorous stirring, cooled quickly 
to about 60°, and decomposed with water (100—150 c.c.). The ketone was extracted with ether (total 300 c.c.), the 
ethereal extract washed with dilute aqueous sodium hydroxide and with water, and dried. After removal of the solvent 
the residue was taken up in ethyl acetate and passed through a short column of charcoal. The ketone (average yield, 
25%) crystallised from methyl alcohol as colourless prisms, m. p. 133°. « 

3'-Keto-7-methoxy-4-methylanilinomethylene-1 : 2 : 3 : 4-tetrahydro-1 : 2-cyclopentenophenanthrene—A mixture of 
3’-keto-7-methoxy-I : 2 : 3 : 4-tetrahydro-1 : 2-cyclopentenophenanthrene (3 g.; Koebner and Robinson, loc. cit.), ethyl 
formate (4-2 g.), powdered sodium (1-3 g.), and dry thiophen-free benzene (50 c.c.) was stirred for 7 hours at room temper- 
ature under nitrogen. After decomposition with a little ice and water, the sparingly soluble sodium salt was collected, 
washed with benzene, and moistened with alcohol. Treatment with acetic acid (10 c.c.) and water (90 c.c.) liberated 
3-keto-7-methoxy-4’-formyl-1 : 2 : 3 : 4-tetrahydro-1 : 2-cyclopentenophenanthrene as a cream-coloured solid (yield, 
31 g. or 95%). A small sample crystallised from aqueous acetone as colourless transparent plates, m. p. 145—146° 
(decomp.), which gave a purplish-blue coloration with alcoholic ferric chloride. 

A mixture of the crude formyl derivative (3 g.), toluene (50 c.c.), and freshly distilled methylaniline (1-5 g.) was 
heated on the steam-bath for 14 hours. After removal of water and solvents under diminished pressure, the yellow 
solid residue was crystallised from toluene; yellow needles (2-9 g.), m. p. 206° (Found: C, 80-9; H, 6-5; N, 3-9. 
C,H,,O,N requires C, 81-4; H, 6-5; N, 3-79). 

_ 3°-Keto-T-methoxy-4’-methylanilinomethylene-2-methyl-1 : 2 : 3 : 4-tetrahydro-1 : 2-cyclopentenophenanthrene.—A _ solu- 
tion of the foregoing compound (2 g.) in hot benzene (50 c.c.) was added to sodamide, freshly prepared from sodium 
(0-3 g.) and liquid ammonia and suspended in toluene (20 c.c.). The mixture was refluxed in an atmosphere of nitrogen 
until the evolution of ammonia ceased (about 1 hour). Methyl iodide (6 g.), dissolved in benzene (10 c.c.), was added to 
the hot reaction mixture, followed after 15 minutes by a further amount of methy] iodide ( 1 &:)» refluxing being continued 
for2 hours. When cold, very dilute acetic acid was added; the benzene layer was separated, washed, dried, and concen- 
tated under reduced pressure. Light petroleum (b. p. 60—80°) was added until the solution became cloudy and the 
Whole was passed a a column of activated alumina. Repeated washing of the column with benzene-light petrol- 
tum and eventually with benzene alone separated the methylated product from unchanged starting material, which was 
the more strongly adsorbed and could be recovered (0-6 g.) by elution with ethyl acetate. The course of the chromato- 
faphic separation was easily followed in ultra-violet light.. After removal of the solvents, the methylated material 
tystallised from alcohol as lemon-yellow, triclinic prisms (1 g.), m. p. 165°. The substance is dimorphic, and was also 





























































































586 le Roux, Lu, Sugden, and Thomson : [19: 
obtained as colourless, fluffy needles, m. p. 152°, which were convertible into the higher-melting form (Found: C, 81-3; i glyct 
H, 6-8; N, 38. C,,H,,O,N requires C, 81-6; H, 6-8; N, 3-5%). The product, m. p. 152°, was also obtained in very in a 
poor yield by the potassium fert.-butoxide—methy] iodide method. 1 1 


3’-Keto-7-methoxy-2-methyi-1 : 2 : 3 : 4-tetrahydro-1 : 2-cyclopentenophenanthrene (dl-isoEquilenin Methyl Ether) — 
The methylated methylanilinomethylene derivative (850 mg.) was refluxed for 3 hours with a mixture of concentrated 
sulphuric acid (2 c.c.), water (6 c.c.), and alcohol (13 c.c.). The solution was diluted with water, the product isolated by 
means of ethyl acetate and, after removal of the solvent, boiled for 3 hours with 10% aqueous-alcoholic potassium 
hydroxide (40 c.c.; 1:1) under nitrogen. The reaction mixture was diluted with water, and the material extracted 
with ether, washed, and dried. The pink crystalline residue was dissolved in benzene-light petroleum (b. p. 60—80 
and passed through a column of alumina, which was finally well washed with benzene. After removal of the solvent, 
the colourless oil (350 mg.) crystallised in contact with alcohol as colourless prisms (330 mg.), m. p. 125—126° (Found: 
C, 81-5; H, 7-2. Calc. for CygH.O0,: C, 81-4; H, 7-2%). ‘Bachmann, Cole, and Wilds (loc. cit.) give m. p. 127—127:5°, 

3’-Keto-7-hydroxy-2-methyl-1 : 2 : 3: 4-tetrahydro-1 : 2-cyclopentenophenanthrene (dl-isoEquilenin)—A mixture of 
di-isoequilenin methyl ether (90 mg.), acetic acid (3 c.c.), and hydrobromic acid (3 c.c., d 1-7) was refluxed under nitrogen 
for 2hours. The cold solution was diluted with water, shaken with ether, and the phenolic material dissolved in aqueous 
potassium hydroxide (3%). Acidification of the alkaline solution precipitated di-isoequilenin, which was collected in 

. ether and crystallised from acetic acid and a little water. It formed faintly coloured prisms, m. p. 222—223° (Found: 
C, 81-0; H, 7-1. Calc. for C,,H,,0,: C, 81-2; H, 6-8%) (B., C., and W., Joc. cit., give m. p. 223—224°). 

Cyclisation of y-Phenylbutyric Acid and B-m-Methoxyphenylpropionic Acid.—Phosphoric anhydride (8 g.) and syrupy 
phosphoric acid (6 c.c.) were mixed and stirred with a thermometer until the temperature fell to 145°. Phenylbutyric 
acid (2 g.) was then stirred in, and stirring continued for 3 minutes. The a-tetralone formed was isolated in the usual 
way and converted into the semicarbazone; colourless needles (2-15 g.) from dioxan-alcobol, m. p. 218—220°. Kipping 
and Hill (J., 1899, 75, 148) give m. p. 217°. 8-m-Methoxyphenylpropionic acid (2 g.) was treated similarly and the crude 
product was extracted repeatedly with boiling lig! t petroleum (b. p. 60—80°) until only a little tar was left; the com- 
bined solutions were concentrated to a small bulk, cleared by addition of a little ethyl acetate, and on cooling, gave the 
ketone as very pale yellow needles (1-1 g.), m. p. 105—108°, raised to 108—109° by several recrystallisations. The crude 
product may contain a little of the isomeric 4-methoxy-a-hydrindone, since Ingold and Piggott (J., 1923, 123, 1469) 
give m. p. 110° for the pure 5-methoxy-a-hydrindone. 


The authors are grateful to the Rockefeller Foundation and to Imperial Chemical Industries, Limited, Dyestufis 
*: Division, for grants. 
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155. The Kinetics of Exchange Reactions. Part III. Influence of Solvent and 
Molecular Structure. 


By L. J. re Rowx, C. S. Lu, S..SuGpEn, and R. H. K. THomson. 


This paper completes an account of work done in 1939 on exchange reactions of alkyl bromides with radio- 
active bromine ion. The reactions have been followed over a wide enough temperature range to permit the 
calculation of the activation energy and the effective mean collision area. Both are found to be materially 
influenced by the solvent and by the structure of the alkyl bromide studied. One aromatic bromide has been 
found to undergo measurable exchange. 


A KINETIC study of exchange reactions of the type RBr + Br*’ = RBr* + Br’ (where Br*’ represents radio- 
active bromine ion) has been commenced in these laboratories and some of the results have already been 
published (Part I, J., 1939, 1279; Part II, idid., p. 1836). This work has had to be discontinued, but we record 
Kh some further observations directed mainly towards a study of the effect of changes in solvent and in structure 
4 of the alkyl bromide which undergoes exchange with radioactive bromide ion. 

The significant data are collected in Table I, together with the results of the investigations described in 
Parts Iand II. (Details of the reaction-velocity measurements are given in the experimental section.) In 
SIs this table, E is the activation energy (in kg.-cals./mol.) and A the “ non-exponential ” term of the modified 

Arrhenius equation (2); a,» is the effective collision area calculated from A by means of equation (3). 
m-Butyl bromide has been examined in three solvents. The activation energy for the exchange reaction 
Ss in anhydrous acetone (No. v) is considerably lowered by the addition of 10% of water (No. iii) and in ethylene 

: glycol diacetate E is still lower. This lowering of the activation energy is more than compensated for by a 
large change in o,, which decreases more than 50-fold in the range of solvents used. It was hoped to examine 
tert.-butyl bromide in anhydrous acetone as solvent. This substance gives a high value of o,, in ethylene 






TABLE I. 
Activation Energies and Effective Collision Areas. 

Bromide. Solvent. E£. A. Cet, A- 
es, EN ei fe} 18-12 + 0-36 8-60 + 0-26 10 +03 
(ii) isoPropyl Wbcachsclile wnchiisedaal pon 22944034 10674023 11:0 43-0 

(iii) -Butyl ............. = 18-87 + 0:14 8-13 + 0-10 06 +01 
SPU IE {oscade Kindonk ccs obs cSbucu vol duldeees ua 20-21 + 0-41 8-85 + 0-23 13 +04 
(v) m-Butyl ......cccceeececeecssceessseeeeseeee Ambyd. COMe, 19814025 10:28 + 0-18 70 +140 
ny aE eeE: eT 17-76 + 0-06 6-84 + 0-04 0-13 + 0-01 
SUNN ioe, discliseensus viiaeas svoas atiiana Pa 19-75 + 0-15 6-71 + 0-09 0-11 + 0-02 
CO CNIS Fis ahs ou dca bevinee eccivapbeseides - 22-60 + 0-80 9-33 + 0-49 24 +14 
(ix) 2:4-Dinitrophenyl] ....... 19-34 + 0-23 6-42 + 0-13 0-09 + 0-01 ; 


: 


* E.G.D.A. = Ethylene glycol diac 
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glycol diacetate: if the effect of solvent is in the same ratio as that found for the normal bromide, then oj», 
in anhydrous acetone would be much larger than is expected on the basis of current theory. 

Two influences of the structure of the alkyl radical can be traced in these results. It is evident that chain 
branching increases E with an accompanying increase in o,,. This is found in solutions in 90% acetone 
and ethylene glycol diacetate; it occurs when the branching of the carbon chain is separated by a carbon atom 
from the C—Br link but is particularly evident with the secondary and tertiary bromides. The second effect 
is seen by comparing reactions (i) and (iii). Here increase in chain length gives a small rise in E accompanied 
by a fall in o.». This result, however, needs to be tested over a wider range of homologues. Finally, the 
exchange studied in (ix) of bromine substituted in the benzene nucleus has some points of interest. The 
slowness of this reaction is due, not to a high activation energy, but to a small value of o,,, i.e., to a small 
probability of reaction even when the colliding molecules possess sufficient energy. 


The Kinetics of Exchange Reactions. 


EXPERIMENTAL, 


(a) (With L. J. te Roux.) The exchange of radio-bromine ion with n-butyl bromide has been studied in two more 
solvents, viz., anhydrous acetone and ethylene glycol diacetate. The former was chosen since preliminary observations 
(Part I) had shown a marked negative catalysis by water. ‘‘ AnalaR”’ Acetone was dried over anhydrous magnesium 

chlorate and then fractionated. The constant-boiling fraction was stored over magnesium perchlorate and redis- 
tilled immediately before use. Reaction vessels and pipettes were heated to 110° and dry air blown through them. 
a ae | the experimental method was that described in Part I, lithium bromide containing radioactive bromine ion 
being used. 

Ta Table II, a is the concentration of alkyl bromide and } that of the bromide ion, both expressed in g.-mols./I. ; 
a/c is the ratio of the radio-bromine found in the alkyl bromide to the total amount of radio-bromine present; &, is 
the constant for the bimolecular exchange reaction given by 


1 1 
hs = ab a0 + bale pis ie ha we he | ee ae, Se 


and is expressed in sec.-!, moles!, 1. The activation energy, E, was calculated by the method of least squares from 
the modified Arrhenius equation 
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Writing A = logyy {6-06 X 10”ce92(8xR/M)1/2} 


where M is the reduced mass of the reactants, we can readily calculate the collision radius oeg.. 


TABLE II. 
n-Butyl bromide in anhydrous acetone.* 





T (° x). 


Time (hours). a b 
262-6 5 


0-1040 0-1248 
” 0-1396 
0-1027 0-0557 
0-0993 0-0119 
™ 0-0191 
0-0974 0-0222 
- 0-0284 
os 0-0565 
“. - 0-0501 0-562 539 
* k, calculated from (log, k,)/VT = 10-28 + 0-18 — (19,810 + 250)/4-57T. 


n-Butyl bromide in ethylene glycol diacetate. 


273-1 
298-1 


313-1 


298-1 
323+1 
353-1 
373°1 


0-100 

0-0970 
0-0940 
0-0922 


zl 


0-0550 
0-0514 
0-0566 
0-0502 
0-0568 
0-0494 
0-0512 


0-148 
0-086 
0-481 
0-460 
0-470 
0-486 
0-371 


110 
1-05 
11-8 
11-3 
129 
537 
501 


1-07 
115 


126 
513 


? 


t ky calculated from (logy, k,)/WT = 6-84 + 0-04 — (17,760 + 60)/4-57T. 

(6) (With C. S. Lu.) Preliminary e iments with p-nitrobromobenzene and 2: 4-dinitrobromobenzene with 
acetone as solvent gave no detectable ex , but with the latter substance dissolved in ethylene glycol diacetate 
the reaction could be followed over a sufficient range of temperatures. The variations in a and b in the experiments at 
363-1° and 373-0° were made to test the bimolecular mechanism for this reaction, which is assumed in the formula for &,. 


343-3 
363-1 


373-0 
393-1 
403-1 


2 : 4-Dinitrobromobenzene in ethylene glycol diacetate.f 


4 


Preneoeas 
SASSSSOSOAS 


2-0 


0-1187 
0-1163 
0-1163 
0-1150 
0-0766 
0-0575 
0-1125 
0-1125 
0-1113 
0-1113 


0-0628 
0-0311 


0-283 
0-233 
0:157 
0-319 
0-210 
0-185 
0-566 
0-391 
0-642 
0-620 


t %, is calculated from (logy ky)/WT = 6-42 + 0-13 — (19,340 + 230) /4-57T. 


In this and the following tables in this paper a and 6 are concentrations measured at 18°, but the values of &, have been 
corrected for solvent expansion. 
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(c) (With R. H. K. THomson.) In order to study the effect of the accumulation of methyl groups it was intende; 
to examine the series of ethyl, isopropyl, and ¢ert.-butyl bromides in a number of solvents. Only the last two had bee 
measured in ethylene glycol discetate when the work had to be discontinued. ; 


isoPropyl bromide in ethylene glycol diacetate.§ 
. 10h. 





T (°K.). Time (hours). a. b. x/c. 
313 20 0-093 0-052 0-0092 
0-123 0-029 0-0154 
0-093 0-022 0-273 
0-062 0-037 0-151 
0-089 0-0132 0-212 
0-089 0-0288 0-197 
0-089 0-0288 0-189 
0-060 0-0223 0-166 
0-120 0-0223 0-319 
0-180 0-0223 0-395 
0-093 0-0164 0-682 
0-062 0-018 0-185 
0-062 0-027 0-295 
0-062 0-028 0-172 
0-110 0-099 0-288 
0-119 0-052 0-248 


§ k, calculated from (logy, ’y)/“T = 6-71 + 0-09 — (19,750 + 150) /4-57T. 


tert.-Butyl bromide in ethylene glycol diacetate.|| 


0-063 0-046 0-042 
0-053 0-039 0-037 
0-063 0-042 0-286 
0-053 0-035 0-272 
0-053 0-022 0-425 
0-079 0-032 0-436 
0-079 0-033 0-398 
0-105 0-032 0-449 
0-079 0-024 0-513 


|| &, calculated from (log,, %,)/W7 = 9-33 + 0-49 — (22,600 + 800) /4-57T. 


Ethylene glycol diacetate was also used, since it seemed promising as a general solvent for use in a wide range of 
reactions. It is readily obtained in a sufficient state of purity, and its good solvent power and high b. p. allow reactions 
to be followed in it which proceed at a measurable rate only at temperatures in the neighbourhood of 200°. The 
commercial product on distillation gave a main fraction, b. p. 186—187°, which was used as a solvent. 

With #ert.-butyl bromide some hydrolysis took place during the washing of the benzene solution with water to separate 
the lithium bromide. This was measured, and a correction applied on the assumption that all the hydrolysis occurred 
during washing and that none of it took place during the reaction. Because of the uncertainty thus introduced, the 
observations on this substance are of a rather lower degree of accuracy and can only be regarded as giving approximate 
values for E and oeg. 


We ate indebted to Imperial Chemical Industries Ltd. for a grant. 


Tue Sir Witt1am Ramsay AND RatpH'ForsTER LABORATORIES, : . 
UNIVERSITY COLLEGE, Lonpon, W.C.1. [Received, July 6th, 1945.] 





156. Mercurous Perchlorate as a Volumetric Reagent for Iron. 
By W. Puau. 


Mercurous perchlorate, like the nitrate, reduces the ferric thiocyanate complex to the ferrous state. The 
conditions have been determined under which the reagent can be used for the volumetric estimation of iron 
without the necessity for reduction. The method is simple and accurate and is applicable to a wide variety 
of materials. The reagent has the added advantage that it is stable over very long periods of time when kept 
under proper conditions. 


Brappury and Epwarps (J. Soc. Chem. Ind., 1940, 59, 961) have shown that mercurous nitrate reduces the 
ferric thiocyanate complex to the ferrous condition and have adapted this reaction for the direct titration 
of ferric ion without previous reduction; this is a notable advance on all other methods for the estimation of 
iron. 

The remarkable stability of mercurous perchlorate solution and the fact that it is such an elegant reagent 
for the estimation of chlorides and bromides (J., 1937, 1824) prompted this attempt to extend its use. It was 
stated (ibid.) that mercurous perchlorate slowly loses its strength as measured by potassium iodate (Andrews's 
method), but it has now been established that this is not so: the apparent loss has been shown to be due to 
a trace of chlorine in one sample of hydrochloric acid used in the previous work. Solutions have, in fact, 
been kept over mercury in the dark for 7 years and have maintained their strength almost unchanged towards 
both sodium chloride and potassium iodate. 
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The present work confirms the observations of Bradbury and Edwards in general. Accurate determin- 
ations of ferric ion may be made with mercurous salts under certain conditions. A large excess of thiocyanate 
must be added to the“ferric solution before the titration is commenced, but the amount needed depends on the 
total volume and on the acid concentration. Bradbury and Edwards used titrating volumes of the order of 
20 ml., but the present work concerns volumes more usually employed in volumetric work, i.¢e., 100—200 ml. 
For this volume, about 3—5 g. of potassium or ammonium thiocyanate is sufficient provided the solution 
does not contain more than about 5 ml. of concentrated sulphuric or nitric acid or 2—3 ml. of concentrated 
hydrochloric acid. Larger amounts of acid give high results, though their effect can be countered by increasing 
the amount of thiocyanate used or, better, by partial neutralisation. The high concentration of thiocyanate 
prevents the precipitation of insoluble mercurous salts; the disappearance of the red colour at the end-point 
is sharp. 

However, although Bradbury and Edwards claim that the reaction is strictly stoicheiometric at the dilutions 
used by them, this is not so at these higher dilutions. In neutral and dilute acid solutions the amount of 
perchlorate needed is approximately 1% higher than is demanded by the stoicheiometric ratio. It is there- 
fore essential to standardise the mercurous solution against a ferric solution of known strength, containing a 
known amount of acid. Under these conditions the method is accurate and very simple. 


EXPERIMENTAL. 


Solutions vequived.—Mercurous perchlorate was made as previously described (Joc. cit.) and found to be 0-1010N 
when standardised against both sodium chloride and potassium iodate. Ferric alum solution was made exactly 0-05m 
from ‘‘ AnalaR ”’ salt and this concentration was confirmed by standard dichromate and permanganate. 

Titration of Ferric Solution with Mercurous Perchlorate.—Preliminary titrations confirmed Bradbury and Edwards’s 
finding that reproducible results can be obtained only when a large excess of thiocyanate is added before the titration 
iscommenced. Accordingly, 5 g. of potassium thiocyanate were added to 20 ml. of the ferric solution diluted to 150 ml., 
and the mercurous perchlorate was run in until the red colour was discharged (Found: 19-98 ml., whence HgClO, = 
0-:1001N). The low factor is probably due to some decomposition of mercurous thiocyanate into mercury and mercuric 
thiocyanate, because a grey precipitate formed during the titration and disappeared on shaking; but the solution, 
though colourless at the end-point, was never quite clear. Nevertheless, titration values could be duplicated exactly 
if the flask was well shaken during the titration. 

Effect of acids. Addition of 5 ml. of concentrated mineral acid tended to raise the titre, the effect being most marked 
with hydrochloric acid. Partial neutralisation with ammonia or sodium hydroxide, however, corrected this tendency 
effectively. Additions of 2—3 ml. of these acids had no sensible effect. Phosphoric and acetic acids and their salts 
gave high results and indistinct end-points. 

Effect of temperature. Near the end-point the reaction was slow and titres were always high unless several minutes 
were allowed between drop additions. In hot solution the results were erratic, being 20—40% low. Best results were 
obtained when the mercurous solution was added to the cold solution until the dark red colour faded to a light orange, 
4—5 drops from the end-point, and the titration was finished at 60—70°. 

Effect of ferrous ion, and titration of mixtures of ferrous and ferric ions. Addition of ferrous sulphate, free from ferric 
salt, had no effect whatever on the titre. Accordingly, a mixed solution of ferrous ammonium sulphate and ferric alum 
was made from ‘‘ AnalaR ”’ materials and analysed as follows. In one aliquot the ferric ion was estimated by the above 
method, and in a second, the ferrous ion was estimated by boiling with bromine water to oxidise it to ferric ion and 
titrating the total ferric ion in the same way. The results agreed with the calculated values and also with those deter- 
mined by the conventional dichromate method, using stannous chloride as reducing agent. 

Application to Analysis of Ferro-materials.—The table gives a comparison of the iron content of various materials 
as determined with mercurous =v and with potassium dichromate (stannous chloride reduction, ferricyanide 
indicator). To emphasise the freedom of the method from interference by common impurities and by methods of 
bringing the material into solution, the following brief details are given. The oxide ores were dissolved in concentrated 
hydrochloric acid, in some cases with the aid of stannous chloride followed by oxidation with bromine. The steel was 
dissolved in hydrochloric acid, the solution filtered to remove carbon, and oxidised with bromine. The pyrites sample 
was decomposed with concentrated nitric acid and potassium chlorate and boiled down three times with hydrochloric 
acid to decompose excess chlorate and nitrate. The bauxite was decomposed with hot concentrated sulphuric acid, 
the solution diluted, treated with ammonia to precipitate iron and aluminium, etc., and the precipitate dissolved in hot 
hydrochloric acid. In all cases the titrations were made according to the following directions which have been, found 
most satisfactory : the solution was diluted to 100—150 ml.; if the amount of hydrochloric acid exceeded 3 ml. of the 
concentrated acid it was partly neutralised with ammonia; potassium thiocyanate was then added, and the titration 
carried out as above. The mercurous solution was standardised as above. 


Fe, %, found by— Fe, %, found by— 
K,Cr,O,. HgClo,. K,Cr,0,. HgClo,. 
Oxide ore, No. 53-62 53-60 DUNE: ah enatsapebinvibasnten 90-7 90-7 
No. 53-76 53-90 ON Diadivns Si cuininseansene 42-0 41-92 


No. 58-80 58°66 IRGEAND § iis 506 nos sevens se ses 13-52 13-60 
No. 51-66 51-66 


_ These results show that the method is accurate. It is simple and would seem to be particularly useful for dealing 
with steels and other materials which contain other reducible metals which limit the application of the Jones reductor 
and amalgam reductors. 


University oF Cape Town. [Received, July 11th, 1945.) 
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157. The Preparation of 7-Nitro-2-naphthylamine and of 3: 6-Dinitronaphthalic 
Anhydride. ‘ 


By Hersert H. Hopcson and Epwarp R. WARD. 


7-Nitro-2-naphthylamine is obtained from 2: 7-dinitronaphthalene by mono-reduction with sodium 
sulphide-sodium bicarbonate in aqueous methyl alcohol; it is yellow-orange in colour and thus differs from 
all the other nitro-2-naphthylamines which are scarlet to orange. An improved procedure is given for the 
preparation of 3 : 6-dinitronaphthalic anhydride. 


SINCE the work of Vesely and Dvorak (Bull. Soc. chim., 1923, 33, 319) all but two of the nitronaphthylamines 
have been obtained, and of these the 3-nitro-2-naphthylamine has already been prepared by Hodgson and 
Turner (J., 1943, 635). The one remaining, 7-mitro-2-naphthylamine, has now been isolated by the mono. 
reduction of 2 : 7-dinitronaphthalene (Rule and Brown, J., 1934, 171). All previous nitro-2-naphthylamines 
whether homo- or hetero-nuc:lear have all been red or orange-red in colour, but 7-nitro-2-naphthylamine is 
brilliant yellow-orange and its structure should in consequence be similar to the structures of the three homo- 
nuclear 2-, 3-, and 4-nitro-l-raphthylamines which are yellow or yellow-orange. Since the greatest electronic 
strain must be present in the structures of these yellow-orange compounds it has been assumed that the Erlen- 
meyer structure with its restraining central double bond makes the greatest contribution to their resultant 
resonating structures (cf. Hodgson and Turner, J. Soc. Dyers and Col., 1943, 59, 218; Hodgson and Hathway, 
Trans. Faraday Soc., 1945, 41, 115). That 7-nitro-2-naphthylamine should be yellow would appear to follow 
also from the circumstance that the amino- and nitro-groups will have the minimum of influence on each other 
since they are situated in different rings which, if connected by the double bond postulated in the Erlenmeyer 
formula, will be virtually separated from each other (cf. Lewis and Calvin, Chem. Rev., 1939, 25, 305); in any 
event, the compound cannot resonate into any of the six canonical naphthaquinone structures (cf. Pauling, 
“Nature of the Chemical Bond,” Cornell, 1940, 152). 

The dinitration of naphthalic anhydride has been reported previously by Anselm and Zuckmayer (Ber,, 
1899, 32, 3284) and by Francesconi and Bargellini (Gazzetta, 1902, 32 (2), 94); neither of these authors oriented 
their product which was identified as 3 : 6-dinitronaphthalic anhydride by Rule and Brown (loc. cit.). Details 
of a method based on that of Anselm and Zuckmayer (loc. cit.) are now given to secure an 85% yield of 3 : 6-di- 
nitronaphthalic anhydride (m. p. 214°); this compares favourably with the 67% yield of a less pure product 
(m. p. 208—210°) reported by Rule and Brown using the method of Francesconi and Bargellini (Joc. cit.) and 
confirmed by us. A more detailed decarboxylation procedure than that recorded by Rule and Brown for the 
preparation of 2 : 7-dinitronaphthalene is also included. It will be noted that the dinitration of naphthalic 
anhydride in 3: 6-positions is analogous with the dinitration of 1: 8-ditronaphthalene to give 1:3: 6: 8- 
tetranitronaphthalene (cf. Hodgson, ‘Ward, and Whitehurst, this vol., p. 454). 

The further nitrated compound of m. p. >266° (decomp.) reported by Francesconi and Bargellini (/oc. cit.) 
is now found to be a tetranitronaphthalene. 


EXPERIMENTAL. 


Nitration of Naphthalic Anhydride.—A solution of naphthalic anhydride (50 g., m. p. 272—274°) in sulphuric acid 
(200 c.c., @ 1-84) is cooled to 0° and then treated dropwise with one of nitric acid (40 c.c., d 1-5) in sulphuric acid (50 c.c., 
d 1-84) so that the temperature does not exceed 40°. The nitration is completed by heating the mixture at 55° for 
1 hour, but should the temperature rise above 60° oxidation commences and continues with increasing vigour. After 
cooling to 0°, the nitration mixture is stirred gently into ice-water (5 1.), the cream flocculent precipitate separated and 
washed with water until the filtrate is almost colourless; water-soluble yellow material is thereby removed. The crude 
3 : 6-dinitronaphthalic anhydride (61 g., 85% yield) crystallises from boiling toluene or xylene in colourless needles, 
m. p. 214° (Found: N, 10-0. Calc. : N, 9-7%), which are practically insoluble in boiling water. : 

Formation of a Tetranitronaphthalene.—A solution of 3 : 6-dinitronaphthalic anhydride (10 g.) in the minimum quantity 
of boiling nitric acid (d 1-42) when boiled for 1 minute, cooled to 0°, and filtered through asbestos gave a residue of a 
tetranitronaphthalene (0-2 g.) which when washed with cold nitric acid (d 1-42) and water was only sparingly soluble 
boiling toluene, acetone, and alcohol but crystallised from glacial acetic acid in colourless needles, decomp. above 295° 
(Found : N, 18:3. C,9H,O,N, requires N, 18-1%). It gave no particular colour when stirred with acetone followed by 
10% aqueous potassium hydroxide, but dissolved in boiling aqueous 10% sodium carbonate to a yellow solution which 
afforded a colourless precipitate on acidification, m. p. >310° (decomp.). The new tetranitronaphthalene gave with 
cold sodium sulphite solution a red colour similar to that given by 1: 3: 6: 8-tetranitronaphthalene (m. p. 207°) and 
rapidly dissolved in the hot sulphite to a violet solution from which a colourless Be —emag was given by hydrochloric 
acid, exactly like the behaviour of the 1: 3: 6: 8-isomeride. The filtrate from the boiling nitric acid above gave only 
unchanged 3 : 6-dinitronaphthalic anhydride (8-5 g.) when poured into ice-water. Boiling nitric acid (d, 1-52) has little 
or no effect on 3 : 6-dinitronaphthalic anhydride. : si 

2: 7-Dinitronaphthalene was obtained when a solution of 3: 6-dinitronaphthalic anhydride (20 g.) in dry boiling 
quinoline (40 c.c.) was treated cautiously with copper bronze (15 g.) during 15 minutes, the mixture cooled to room 
temperature, ether (200 c.c.) added, filtered, and the residue extracted four times with ether (total of 800 c.c.). The 
filtered ether extract was shaken twice with 15% hydrochloric acid (100 c.c.) to remove the quinoline present, washed with 
cold saturated aqueous sodium carbonate (25 c.c.) and with water (100c.c.). The crude residue, remaining after distilling 
away the ether, crystallised from boiling glacial acetic acid to give pure 2 : 7-dinitronaphthalene, m. p. 234° (Rule and 
Brown, loc. cit., give m. p. 234°) (Found: N, 12-8. Calc.: N, 128%), which gave an intense red colour in acetone with 
10% aqueous potassium hydroxide only when heated and was not attacked by boiling aqueous sodium sulphite. 

7-Nitro-2-naphthylamine was prepared by adding dropwise during 20 minutes a solution of sodium sulphide crystals 
(6 g.) and sodium bicarbonate (2 g.) in water (15 c.c.) to a well-stirred suspension of 2 ; 7-dinitronaphthalene (3 g.) 
boiling methyl alcohol (50 c.c.). Reduction was slow, but the solution became violet immediately (due to the formation 
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nf a small amount of a sulphur dye which dyed cotton to a bluish-green shade). A slight excess of sulphide was found 
present at the end of the reduction period, when the mixture was cooled to 20° and ice added followed by water (1 1.). 
After keeping for 1 hour, the solid matter was separated and extracted thoroughly with a total of 300 c.c. of 8% hydro- 
hloric acid. The extract was treated at 0° with ammonia until just alkaline; the orange-yellow precipitate of crude 
-nitro-2-naphthylamine (2-1 g., 80%), m. p. 182—-184°, separated. After washing with water and drying, it was crystal- 
ised from ethanol (charcoal) and obtained in brilliant orange-yellow parallelepipeds, m. p. 184-5° (Found: N, 15:1. 
ioH,0,N, requires N, 14-9%), which were readily soluble in cold formic and acetic acids, acetone, and pyridine. 

]-Nitvo-2-naphthylamine hydrochloride separated from a hot hydrochloric solution of the base in colourless plates, 
m. p. 259° (decomp.) (Found: N, 12-6. C,.H,O,N,Cl requires N, 12-5%). 

1-Nitro-2-formonaphthalide was obtained when the amine (0-05 g.) was refluxed for 1 hour in 90% formic acid (2 c.c.) ; 
it separated from the solution on cooling in nish-yellow needles which crystallised from 50% aqueous alcohol in 
jemon-yellow needles, m. p. 188-5° (Found: N, 13-3. C,,H,O,N, requires N, 13-0%). 

7-Nitro-2-acetonaphthalide was formed when a solution of the amine (0-1 g.) in cold pyridine was shaken for 5 minutes 
with a slight excess of acetyl chloride, the, solution heated to 50° and cooled. The compound separated in yellow 
rystals 7. _— from 50% aqueous ethyl alcohol in yellow plates, m. p. 221° (Found: N, 12-4. C,,H,,O,N, 
Te ulres , r; ‘o)}+ 
“1 Nitro-2-naphthylaimine picrate was prepared when boiling solutions of the amine (0-1 g.) and picric acid (0-12 g.) in 
the minimum quantities of ethyl alcohol were mixed; it separated in yellow needles, m. p. 203° (Found: N, 17-0. 
Cy,H,,OoN, requires N, 168%). 

1-Nitro-2-naphthaleneazo-B-naphthol, formed by diazotisation of the amine and coupling with f-naphthol by the 
usual methods, crystallised from glacial acetic acid in small needles, m. P. 225-1° (Found: N, 12-5. ©. 9H,,0,N, requires 


The authors are indebted to the Charles Brotherton Trust for a Research Scholarship to one of them (E. R, W.) 
and to Imperial Chemical Industries, Ltd., Dyestuffs Division, for gifts of chemicals. 


TECHNICAL COLLEGE, HUDDERSFIELD. [Received, June 23rd, 1945.} 





158. New Syntheses of Heterocyclic Compounds. Part IV. 3-Azaphenthiazines. 
By V. A. Petrow and E. L. REWALD, 


The synthesis of azaphenoxazines described in Part III (Petrow and Rewald, J., 1945, 313) has now 
been extended to the corresponding azaphenthiazines. 1-Nitro-3-azaphenthiazine (I; R =NO,; R’ = H) 


has been prepared and its reduction and nitration studied. Biological examination of these new azaphen- 


otha: and of the related azaphenoxazines described in Part III (loc. cit.) did not reveal any outstanding 
activity. 

Tue synthesis of 3-azaphenoxazines described in Part III (loc. cit.) from 3 : 5-dinitro-4-chloropyridine and 
o-aminophenol has now been extended to the preparation of the hitherto unknown 3-azaphenthiazines. These 
substances formed the ultimate object of our investigation, and, from their formal analogy to methylene 
blue, appeared to us of interest from the chemotherapeutic standpoint. _ 

Condensation of 4-chloro-3 : 5-dinitropyridine (Part III, Joc. cit.) with o-aminothiophenol or its readily 
accessible zinc double salt (Bogert and Snell, J]. Amer. Chem. Soc., 1924, 46, 1309) led to the formation of 
|-nitro-3-azaphenthiazine (I; R = NO,; R’ = H) with evolution of oxides of nitrogen. In contrast to the 
corresponding oxazine analogue (Part III, Joc. cit.) we were unable to isolate the intermediate dinitropyridyl- 
eaminothiophenol, which appeared to undergo spontaneous ring closure on formation. The reactions of (I; 
R= NO,; R’ =H) were analogous to those of 1-nitro-3-azaphenoxazine. The compound gave a deep 
purple methiodide, and on reduction passed into 1-amino-3-azaphenthiazine (I; R = NH,; R’ = H) charac- 
terised by a monoacetyl derivative and by a monohydrochloride. Treatment with nitrous acid led to the 
formation of 3-azaphenthiazine-1 : 10-diazole (II), a reaction typical of gn o-aminodiphenylamine residue. 
Nitration of 1-nitro-3-azaphenthiazine in concentrated sulphuric acid gave a dinitrosulphoxide. We have 
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assigned the constitution of a 1: 7-dinitro-3-azaphenthiazine sulphoxide (III) to this compound from analogy 
with (a) the nitration of the corresponding 1-nitro-3-azaphenoxazine (Petrow and Rewald, Joc. cit.) and (b) the 
titration of phenthiazine which leads to a 3: 7-dinitrophenthiazine sulphoxide (Bernthsen, Ber., 1884, 17, 
$l). Reduction of (III) gave 1 : 7-diamino-3-azaphenthiazine (I; R = R’ = NH,), isolated as the dihydro- 


tloride, but all attempts to obtain a quinonoidal oxidation product from this diamino-compound were 
tsuccessful. 

_ Finally, we have examined the possibility of extending the Bernthsen synthesis of phenthiazine from 
tiphenylamine by sulphur fusion (A nnalen, 1884, 230, 77; cf. G.P. 25,150) to the following suitably constituted 
Pyridine analogues: 4anilinopyridine (Kermack and Weatherhead, /., 1942, 726), 4-anilinoquinaldine 
fischer, Diepolder and Wélfel, J. prak. Chem., 1925, 109, 61), 4-p-acetamidophenylamino-2-methylquinoline 
(Glen, Sutherland, and Wilson, J.,1939, 491), and 5-amino-2-(4’-aminophenylamino) pyridine (IV ; R = R’ = NH,). 
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We prepared the latter compound by condensing 5-nitro-2-chloropyridine with p-aminoacetanilide jy 
glacial acetic acid solution in the presence of potassium acetate to give 5-nitro-2-(4'-acetamidophenylaming. 
pyridine (IV; R= NO,, R’ = NHAc). Reduction gave 5-amino-2-(4'-acetamidophenylamino)pyridine (IV: 
R = NH,, R’ = NHAc), hydrolysed with hydrochloric acid to the diamino-compound, isolated as the dihydy. 
chloride. We were not able to convert any of these diphenylamine analogues into the azaphenthiazines by 
the known standard methods. For example, fusion with sulphur in o-dichlorobenzene (cf. G.P. 237,771) 
gave in all instances black, microcrystalline substances containing carbon, hydrogen, nitrogen and sulphur, 


resembling in general properties the so-called “sulphur dyes” to which they are probably analogoy 
structurally. 


Biological examination of some of the above compounds was very kindly undertaken by the Therapeutic 
Research Corporation of Great Britain Ltd. (see Experimental). 


EXPERIMENTAL. 


M. p.’s are corrected. Most of the analyses are by Drs. Weiler and Strauss, Oxford. 

1-Nitro-3-azaphenthiazine (1; R = NO,, R’ = H).—(a) 4-Chloro-3 : 5-dinitropyridine (3-7 g.) (Petrow and Rewald, 
loc. cit.), o-aminothiophenol hydrochloride (3 g.) (Claasz, Ber., 1912, 45, 1029) and anhydrous sodium acetate (7 ¢) 
were heated for 20 minutes under reflux in absolute alcohol (30 ml.). Aqueous sodium hydroxide (33%) was gradually 
added to the boiling blood-red solutien until a permanent purple colouration was obtained, and the mixture diluted 
with an equal volume of water and left to stand at 0°. The black crystalline product on crystallisation from alcohol 
(charcoal) gave l-nitro-3-azaphenthiazine in purple-brown platelets, m. p. 141—142° (Found: C, 53-6; H, 2-9; N, 16-9; 
S, 13-0. C,,H,O,N,S requires C, 53-9; H, 2-9; N, 17-1; S, 13-1%). (b) 4-Hydroxy-3 : 5-dinitropyridine (20 ¢) 
was treated under reflux with phosphorus pentachloride (36 g.) and a little phosphorus oxychloride for one hour at 
150—160°, and the phosphorus halides removed under reduced pressure (cf. Part III). The crude 4-chloro-3: }- 
dinitropyridine, dissolved in boiling benzene, was treated with o-aminothiophenol zinc double salt (15 g.; Bogert and 
Snell, /. Amer. Chem. Soc., 1924, 46, 1309) followed immediately by excess anhydrous sodium acetate. The mixture 
was heated under reflux until evolution of oxides of nitrogen had ceased (ca. 2 hours), the benzene removed on the 
‘water bath under reduced pressure and the dark residue extracted with boiling alcohol (500 ml.). The filtrate 
(charcoal) was concentrated to 100—150 ml. and poured into water (500 ml.). The precipitated material in alcohol 
(500 ml.) was treated at the boiling point with 33% aqueous sodium hydroxide until the appearance of a permanent 
purple colouration. Crystallisation from alcohol 
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5-A mino-2-(4’-acetamidophenylamino) pyridine (IV; R = NH,, R’ = NHAc).—5-Nitro-2-(4’-acetamidophenylamino)- 
pyridine (5 g.), reduced iron (20 g.), anhydrous calcium chloride (0-5 g.) and 70% alcohol (200 ml.) were heated under 
eflux for one hour and the filtrate and washings (charcoal) concentrated to small bulk. 5-Amino-2-(4’-acetamido- 
phenylamino) pyridine formed silvery white platelets from alcohol, m. p. 242—243° (Found: C, 64-0; H, 5-9; N, 23-5%. 
Hy ON, requires C, 64-4; H, 5-8; N, 23-2%). The foregoing acetamido-compound was hydrolysed by heating for 
> hours under reflux with concentrated hydrochloric acid (25 ml.) and the miixture taken to dryness. The residue was 
washed with ether and crystallised from aqueous alcohol and alcohol-ligroin. 5-Amino-2-(4’-aminophenylamino)- 
pyridine 860%) formed yellowish-green crystals, m. p. ca. 292° (decomp.) (Found: Cl, 25-8. C,,H,,.N,,2HCI 

uires Cl, 26-0%). 

Sulphur fusions. The compounds were heated with 2 mols. of sulphur at 280—300°, or in o-dichlorobenzene under 
eflux with traces. of iodine as catalyst until evolution of hydrogen sulphide ceased. The products were isolated by 
pxtraction with hot spirit, and formed in all instances black, microcrystalline powders, m. p. >300° containing 

H, N and S. 

Biological Examination.—Dr. R. Wien and Dr. J. Harrison (Biological Division, May and Baker Ltd.), on behalf of 

he Therapeutic Research Corporation of Great Britain Ltd., have very kindly tested the following substances for 

herapeutic activity. Antibacterial activity was tested by the serial dilutional method in nutrient broth against 

taphylococcus aureus (a), B. coli (b), and Pseudomonas pyocyanea (c). The bacteriostatic activity (minimal effective 

oncentration) was assessed by the turbidity of the broth after 18 hours’ incubation at 37°. The toxicity (L.D.,») 

as determined by both intravenous and subcutaneous administration. Some of the compounds were described in 
(Petrow and Rewald, loc. cit.). 


TABLE. 


L.D.59 (mg./kg.). . Antibacterial activity (min. effective concn.). 


Compound (hydrochloride) s/c. 


]-Amino-3-azaphenoxazime ............000 sees — 
]; 7-Diamino-3-azaphenoxazine ............... 70 
]; 8-Diamino-3-azaphenoxazine ............++. 600 
1; 9-Diamino-3-azaphenoxazine SY 


]-Amino-3-azaphenthiazine .......... 


Too insoluble to give results of value. 
]; 7-Diamino-3-azaphenthiazine ... 


The above did not show activity against either T. equiperdum infections in mice or Pl. gallinaceum in chicks. 

The authors thank the Therapeutic Research Corporation of Great Britain Limited for generous grants, and for 
certain facilities. The, laboratory accommodation, kindly placed at the disposal of Queen Mary College by the 
University of Cambridge, is gratefully acknowledged. 

QuEEN Mary COLLEGE-(UNIVERSITY OF LONDON). [Received, June 14th, 1945.]} 





159. Dissociation Constant, Solubility, and the pH Value of the Solvent. 
By H. A. Kress and J. C. SPEAKMAN. 


The relationship between the dissociation constant of a sparingly soluble acid (or basic) substance, its 
solubility, and the pH value of the solvent is stated. This relationship is tested and confirmed by measure- 
ment of the solubilities of an amphoteric substance (the drug, ‘‘ sulphadiazine ’’) in buffer solutions ranging 
from pH 1 to pH 8. The procedure is suggested as convenient for determining the dissociation constant of 
a substance too insoluble to be dealt with by the usual methods. 


Ir HA is a sparingly soluble, acid substance, ionising according to HA 7 H’ + A’, its thermodynamic dis- 
sociation constant (K,) is given by 


K, = {H'}{A}/{HA} = {A }A')f.-/THAlfa - se eee ee OY 
(where [] represents a concentration, {} an activity, and f an activity coefficient), and its total solubility (S) by 
: S = [HA] + [A’]. Sot ig Cor ore ee, 
Ata sufficiently high hydrogen-ion concentration, S falls practically to S° (= [HA]). Combining (1) and (2), 
we have , 
et et Ye | | A 
of, rearranging, taking common logarithms, and putting — log {H"} =-pH and — log K, = pK,, 
log (S/S° — 1) = pH — (pK, + log fu-/fas) = PH — pK’, - - - + + (4) 
_ K’, (= {H}[A']/[HA)) is Bronsted’s acidity constant (Chem. Rev., 1928, 5, 293). When log (f,./fa,) is 
nored, equation (4) leads to pK’, rather than to pK,. Thé former is not a true constant, and the difference 
between them cannot be unambiguously stated, as it involves the individual ion activity coefficient f,.; but, 
under conditions of constant and low ionic strength, log (f,./fg,) will also be approximately constant and fairly 
small; and it can be estimated with the help of the arbitrary assumptions that have in any case to be accepted 
when attempting to standardise the pH scale in terms of hydrogen ion activity (cf. Clark, ‘‘ The Determination 
i Hydrogen Ions,”’ Chap. XXIII; Dole, ‘‘ The Glass Electrode,” Chap. XVII). 
With or without activity corrections, calculations equivalent to (3) have often been made in deducing the 
«id dissociation constants of amphoteric oxides from their enhanced solubilities in caustic alkali solutions 
bg., by Goldschmidt and Eckhardt, Z. physikal. Chem., 1906, 56, 385; Berl and Austerweil, Z. Elektrochem., 


(3) 
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1907, 18, 165; Glasstone, J., 1921, 119, 1697; Johnson and Leland, J. Amer. Chem. Soc., 1938, 60, 1439: 

cf. also Britton, Ann. Reports, 1943, 40, 43). ; 
, In the present work, equation (4), which was needed in an investigation of the solubilities of sulphon. 
amides in buffer solutions of various pH values, has been tested and found satisfactory ; a plot of log (S/S° — }) 
H against pH followed a straight line of unit slope, intercepting the pH axis at pk’, 
— Ks wnt fa Furthermore, the procedure adopted is suggested as convenient for determining the 
? . 2: dissociation constant of an acid too insoluble to be dealt with by the usua 
(L) N=CH jethods. The acid should be capable of being estimated in presence of the buffer 

solution, its S° should not be immeasurably small, and its alkali salt should be relatively highly soluble. 

With obvious modifications, the treatment can be applied to a sparingly soluble base (B, giving the ion 


BH’) for which 
log (S/S° — 1) = (pKy — pK, — log fow/fz) — pH (5 
(px, — pK) — pH | 
The measurements described here were made on 2-sulphanilamidopyrimidine (‘‘ sulphadiazine ’’) (I), an ampho- 
teric compound illustrating both acid and basic effects. 


EXPERIMENTAL. 


All measurements were made at 25-0°. The sulphadiazine, m. p. 256°, was obtained by recrystallising a commercial 

imen from water. Buffer solutions were prepared by adding sodium hydroxide to a solution of two weak acids 
chosen so as to give an approximately uniform buffering capacity over a range of pH (cf. the universal buffer mixtures 
of Prideaux and Ward, J., 1924, 125, 426, and others), diluting, and in each case adding the appropriate quantity 
of N-sodium chloride to maintain the ionic strength at 0-1m. For the pH range 2—5, the mixed acid solution contained 
0-0375m-phosphoric acid + 0-0375m-acetic acid; for the range 6—9, ee ee acid + 0-00938m-sodium 
tetraborate (1.c., equivalent to 0-0188m-H,PO, + 0-0188m-NaH,PO, + 0-0375m-HBO,); after dilution, the final total 


concentration of each acid was 0-0268m. For pH’s below 2, a mixture of hydrochloric acid and sodium chloride was 

used. The buffer solutions were saturated by shaking them vigorously with an excess of solid sulphadiazine for at least 

3 hours—a period found to be amply sufficient with this compound. They were then quickly filtered. The sulph. 

adiazine concentration was estimated by the method of Bratton and Marshall (J. Biol. Chem., 1939, 128, 537), and the 

ang values were measured with the glass electrode, which was standardised in terms of the buffer solutions recommended 
y Hitchcock and Taylor (J. Amer. Chem. Soc., 1937, 59, 1812). ; 
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Plot of solubility function, log (S/S° — 1), against pH for sulphadiazine at 25°. 


The pH must be measured after saturation, as its value is somewhat altered by dissolution of the sulphadiazine 
(cf. the method for determining the isoelectric point of an ampholyte described by Michaelis, Biochem. Z., 1912, 47, 
251). It can easily be shown that under the optimum buffering conditions obtaining in an equimolar mixture of a weak 
acid and its salt (each C molar), the change in pH caused by saturation with an acid or basic compound of very low 
solubility (S molar) is given approximately by 


' ApH = log [1 + 2(S — S*)/C])~2(S — S*)/23C . . 2. 2 6 «© 6 (6) 
In practice the change will tend to be rather larger than this (since the buffering capacity is not usually optimum), and 
increasingly so as S rises. ; 
Results are shown in the table. The solubility passes through a minimum in the neighbourhood of pH 4:3, in 
accordance with a well-known principle (cf. Michaelis and Davidsohn, Biochem. Z., 1910, 30, 142). Before equation (4) 
can be applied, S° must be known. For an acid solute this may be found with all mecessary accuracy by making a 


Solubility of sulphadiazine at various pH values. 


pH (at saturn.) 1:00 1:26 1:55 1:89 231 269 3:06 489 601 635 682 17-23 17:56 17-67 .8-00 
S(mg./100 ml.) 68 66 252 165 93 75 69 63, 85 IL-l 194 435 86 114 229 


solubility measurement at a pH sufficiently below pK,. Alternatively, or if for amy reason (such as amphoteric be- 
haviour) this is not possible, S may be plotted inst 1/{H"}, whence, according to (3), eximeocioten to 1/{H"} =9 
gives S°. A —_ of the latter procedure to the solubilities measured at pH 4-89, 6-01, 6°35 leads to a value 
of 6:16 mg./100 ml.; log (S/S° — 1) can then be plotted against pH as in the figure. The points do not deviate sig- 
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) 
nificantly from the straight lines drawn to have unit slopes. The line of positive slope intersects the axis at pH 6-45, 
equal to pK’,; that of negative slope at pH 2-1, corresponding to pK’, = 14-0 — 2-1 = 11-9. 

Bell and Roblin (J. Amer. Chem. Soc., 1942, 64, 2906) recorded pK, = 6-48 and pK, = 12-0 (the temperature being 
25°; private communication), but these values were presumably obtained by empirical adjustment of values found 
for 50% aqueous alcohol; pK, and pK; have therefore been redetermined at 25-0° by potentiometric titration in water, 

general details having been described previously (J., 1940, 855). Difficulty arises from the low solubility of sulph- 
adiazine in water (about 0-00025m). Best results were achieved with solutions prepared by warming a weighed amount 
of the compound with water containing rather more than 1 equiv. of hydrochloric acid. The acid does not materiall 
increase the solubility, owing to the extreme weakness of the base; but supersaturated solutions (about 0-0005m) 


The solubility method is many 


To bring these data into strict comparability with those derived from the figure, log (fa’/fas) must be added to pK,, 
and the analogous term log (fg,a"/faa) to pK. Under the conditions employed fy, will not differ appreciably from unity ; 
as already explained, f,’ (or fu,s*) cannot be unequivocally known, but, if it is assumed to be equal to the mean ion activit 
coeficient for a typical uni-univalent electrolyte at ionic strength 0-1 (cf. Guggenheim, J. Physical Chem., 1930, 34. 
1764), it may be about 0-75. Accordingly pK’, = pK, — 0-12, and pK’, = pk, — 0-12.: A more direct comparison 
was made by carrying out potentiometric titrations in the presence of 0-I1m-sodium chloride, giving pK’, = 6-40+0-06 
and pK’, = 11-5 (a lower limit again). The agreement between the dissociation constants, both acid and basic, found 
by the two methods is therefore well within experimental error. 

The treatment given applies to a monobasic acid or monoacid base. If, as the pH changes, a second acid or basic 
group becomes active, then the plot of log (S/S° — 1) against pH will deviate from the original line of unit slope and 
converge upon one of slope 2, intersecting the pH axis at $(pK,’ + pK,’). The sulphadiazine molecule possesses more 
than one potentially basic group; but a solubility determination at a pH so low as 1-0 (made in 0-15n-hydrochloric 
acid, and therefore not at the ionic strength of 0-1 obtaining in the other determinations) shows no significant deviation 
from the straight line. The effect can, however, be clearly detected in MacDowell and Johnston’s data (J. Amer. Chem. 
Soc., 1936, 58, 2009) for the solubility of copper oxide in concentrated alkali solutions. 


The authors thank Mrs. M. Kogut for assistance in connexion with the analyses. 
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160. Symmetrical Dicarbocyanines having a Methyl Growp as Substituent on 
the Chain. 


By Frances M. HAMER and RussEtt J. RATHBONE. 


The synthesis of B-bromo-a-methylacraldehyde diethyl acetal is described. Unlike the dimethyl acetal, it 
yielded B-anilino-a-methylacraldehyde anil hydrochloride with aniline and hydrochloric acid. With appropriate 
quaternary salts the anil gave y-methyldicarbocyanines. f-Methyldicarbocyanines were obtained by means 
of B-ethoxycrotonaldehyde diethyl acetal. The extension of a known preparation of an oxadicarbocyanine 
to a y-methyl- but not to a y-ethyl-oxadicarbocyanine was effected. Absorption maxima and photographic 
sensitising action of the dyes are recorded. : 


Tue photographic sensitising action of symmetrical dicarbocyanines carrying one or more alkyl groups as 
substituents on the chain forms the subject of a patent (I.G. Farbenind. A.-G., B.P. 394,537/1931); according 
to the six examples given, a y-methyl group was introduced by use of $-ethoxy-a-methylacraldehyde acetal, 
$y-dimethyl groups by use of $-ethoxy-a$-dimethylacraldehyde acetal, apd aa’-dimethyl groups by use of a 
quaternary salt having an ethyl instead of a reactive methyl group. There is no indication of any method of 
preparing the two acetals, which had not been described in the literature. The patent as originally published 
also contained two examples of dicarbocyanines having a $-methyl group and prepared by use of B-ethoxy- 
crotonaldehyde acetal in pyridine; dyes monoalkylated in the @-position were, however, specifically excluded 
from the amended specification and these two examples deleted, apparently because an earlier patent (Kendall, 
B.P. 390,808/1931) had claimed the preparation of such compounds by use of a $-alkylpropargyl acetal. More 
recently, a new method for preparing B-alkyldicarbocyanines has been described in the patent literature (Kendall, 
Wood, and Majer, B.P. 553,144/1941). 

More detailed is the paper of Sitnik and Steingardt, who prepared one aa’-dimethyl- and three y-methyl- 
thiadicarbocyanines, and whose work includes the synthesis of the intermediate giving rise to the y-methyl 
substituted chain (J. Appl. Chem. Russ., 1936, 9, 1842). In the present paper we first consider the synthesis of 
this intermediate. Instead of following previous authors in proceeding in one step from isobutyraldehyde to 
a-bromoisobutyraldehyde dimethyl acetal (Zeisel and Daniek, Monatsh., 1909, 30, 727; Sitnik and Steingardt, 
loc. cit.), we isolated isobutyraldehyde diethyl acetal and subsequently brominated it to give «-bromoisobutyr- 
aldehyde diethyl acetal, CMe,Br-CH(OEt),. Instead of removing hydrobromic acid by heating with potassium 
hydroxide (Zeisel and Daniek, Joc. cit.; Sitnik and Steingardt, Joc. cit.), in the case of the diethyl acetal we used 
a solution of sodium ethoxide. Bromination of the resulting a-methylacraldehyde diethyl acetal, 
CH,:CMe-CH(OEt),, pave «8-dibromoisobutyraldehyde diethyl acetal, CH,Br-CMeBr-CH(OEt), (cf. Sitnik and 
Steingardt, loc. cit.). We used sodium ethoxide for the second elimination of hydrobromic acid, as did Sitnik 
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and Steingardt with the dimethyl acetal, and we isolated §-bromo-a-methylacraldehyde diethyl acetal, 
CHBr:CMe-CH(OEt),. 

By treating the filtrate from the reactiuu mixture with one mol. of aniline hydrobromide, together with 
hydrobromic acid, Sitnik and Steingardt obtained their intermediate, which, from its physical and chemical 
properties, they designated as a«-methyl-f-anilinoacraldehyde dimethyl acetal hydrobromide (I) (loc. cit), 
This conclusion is surprising, since $-ethoxyacraldehyde diethyl acetal, EtO-CH:CH-CH(OEt),, under sub. 
stantially similar conditions condenses with 2 mols. of aniline to give (III), the group -CH(OEt), having become 
—CH:NPh (Reitzenstein and Bénitsch, J. prakt. Chem., 1912, 86, 1). With two mols. of aniline, our acetal gave 
the expected 8-anilino-a-methylacraldehyde anil hydrochloride (II). With 1 mol. of aniline hydrochloride under 
various conditions, we still obtained (II) in poorer yield, instead of the hydrochloride corresponding with (I), 
so that we did not endorse Sitnik and Steingardt’s conclusion. 


HBr,PhNH-CH:CMe-CH(OMe), HCI,PhNH-CH:CMe-CH:NPh HCI,PhNH-CH:CH-CH:NPh (EtO)MeC:CH-CH(OE%), 
(I.) (II.) (III.) (IV.) 


The starting point in the synthesis of B-anilinoacraldehyde anil hydrochloride (III) is acraldehyde and, to 
prepare our second intermedizte, we aimed at carrying out a similar synthesis starting from crotonaldehyéde, 
Me-CH:CH-CHO. At the first stage, «6-dibromobutyraldehyde, Me-CHBr-CHBr-CHO, is unstable (Viguier, 
Compt. rend., 1909, 149, 403); after the bromination, therefore, we treated the solution with alcoholic hydro- 
chloric acid, but bromine determinations indicated that only a 90% conversion into the second stage, awy-tri- 
ethoxy-$-bromobutane, EtO-CHMe-CHBr-CH(OEt),, had been attained. Treatment of this with sodium 
ethoxide gave a 95% conversion into B-ethoxycrotonaldehyde diethyl acetal (IV); this has previously been 
prepared from propargyl aldehyde (Viguier, Aun. Chim., 1913, [8], 28, 433). This acetal did not undergo 
smooth conversion into the desired methyl derivative of (III), but we were able to use the acetal itself for 
preparing $-methyl-substituted dicarbocyanines. 

In the first series, various heterocyclic quaternary ammonium salts, having a reactive methyl group, were 
condensed with (II) to give y-raethyldicarbocyanines. Thus from 2-methylbenzthiazole ethiodide we prepared 
the y-methylthiadicarbocyanine (V) (I.G. Farbenind. A.-G., B.P. 394,537/1931; Sitnik and Steingardt, loc. cit), 
and this was also obtained by use of 8-bromo-a-methylacraldehyde = acetal. By reaction of substituted 


_ 


3 é a: 
C:CH-CH:CMe-CH!CH: y CH-CH:CMe-CH:CH- 
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Et (V.) Etl (VI.) Mel 


2-methylbenzthiazolium salts and (II) we prepared the 5:6:5’ 2 POE SNOT of (V) (1. 
Farbenind. A.-G., loc. cit.), the 6: 7: 6’ : 7'-dibenz-derivative, and the corresponding 5 : 5’-dichlorothiadicarbo- 
cyanine chloride. The y-methylselenadicarbocyanine chloride (cf. 1.G. Farbenind. A.-G., loc. cit.), the y-methyl- 
indodicarbocyanine (VI), the y-methyl-2 : 2'-dicarbocyanine (VII), and the y-methyl-4 : 4'-dicarbocyanine (VIII) 
were also prepared. The yields are of the same order as those obtainable by use of the unsubstituted 
intermediate (III). 


CO hesrciremecrscs 1) ; 
‘ \ EtN. *CH-CH:CMe-CH:CH- NEtI 


N N CREP cg 

Et (VII.) Etl (VIII.) 
In the second series, heterocyclic quaternary ammonium salts, having a reactive methyl group, were con- 
’ densed with the acetal (IV) to give 8-methyldicarbocyanines. Thus (IV) with 2-methylbenzthiazole ethiodide 
and methiodide, respectively, gave the 8-methylthiadicarbocyanine (IX; R = Et) and its dimethyl analogue 


OO SCH-CMe:CH-CH:CH- CO (IX.) 


(IX; R=Me). From substituted Pte NDR a salts and (IV), we obtained the 5:6: 5’: 6- 
tetramethoxy-derivative of (IX; R.= Et), the 4: 5: 4’ : 5’-dibenz-derivative, the 5 : 5'-dichlorothiadicarbocyanine 
p-toluenesulphonate, and the 6: 7 : 6’ : 7'-dibenzthiadicarbocyanine bromide. “The B-methylselenadicarbocyanine 
(X) and the ayaa - were also prepared. 


= Me, 


«i CICH-CMeICH-CH:cH-C CX) OO =, re “CMe!CH-CH:CH-C 
AS 


(X.) by ~ ext) Mel 


In preparing the oxadicarbocyanine (XII), having an unsubstituted chain (Fisher and Hamer, Proc. Ro’ 
Soc., 1936, A, 154, 703), (III) was condensed with 2-methylbenzoxazole etho-p-toluenesulphonate in ti’ 
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presence of potassium acetate and acetic anhydride. We also prepared it by the interaction of 2-8-acetanilido- 
inylbenzoxazole ethiodide, malonic acid, and triethylamine (Ogata, Bull. Inst. Phys. Chem. Res., Japan, 
937, 16, 631), and conclude this to be a better method for oxadicarbocyanines, specifically. When we prepared 


O O 


O 
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Et (XII.) Etl Et . (XIII.) Etl 


XIII) similarly, by use of methylmalonic acid, our yield was only 3%, against the 36% claimed (idem., Proc. 
mp. Acad. Japan, 1937, 18, 325). The method is said to be applicable to ethylmalonic acid also (idem, ibid.) 
but we failed to isolate the y-ethyl dye. : 

We compared the absorption maxima in methyl-alcoholic solution of eight dicarbocyanines having a 8-methyl 
bubstituent, nine having a y-methyl substituent, and one having «y-dimethyl substituents, with the parent 
dyes having an unsubstituted chain. The §-methyldicarbocyanine always had its absorption maximum further 
nto the red, by amounts varying from 30—190 a., than the unsubstituted dye. In six cases, where the y-methyl 
dicarbocyanine was also available for comparison, the -methyl compound absorbed further into the red than 
did the y-methyl compound. The one a«’-dimethyldicarbocyanine had a more bathochromic absorption than 
he a-methyl-, y-methyl-, or unsubstituted dicarbocyanine. As regards the y-methyl dyes, no generalisation 
ould be made except for the a«-dimethyl compound; the figures are shown in the accompanying table. 

Some of these chain-substituted dicarbocyanines are powerful photographic sensitisers, but it cannot be said 
hat they are better, generally, than the parent dyes with an unsubstituted chain. 


EXPERIMENTAL. 


isoButyraldehyde Diethyl Acetal—isoButyraldehyde (144 g., 1 mol.), ethyl orthoformate (296 g., 1 mol.), ethyl 
alcohol (400 c.c.), and ammonium chloride (4 g.) were heated together under reflux on the steam bath for 15 minutes 
and the product fractionally distilled. ‘The fraction (179 g.) of b. p. 134—138° amounted to a 61% yield. Oeconomides 
prepared it from isobutyraldehyde and hydrochloric acid, followed by sodium ethoxide, and gives b. p. 134——136° (Bull. 
Soc. chim., 1881, [2], 35, 500). 

a-Bromoisobutyraldehyde Diethyl Acetal.—isoButyraldehyde diethyl acetal (73 g., 1 mol.) was dissolved in chloroform 
(200 c.c.) and, after addition of calcium carbonate (50 g., 1 mol.) was stirred mechanically whilst bromine was added, 
at such a rate that the heat of reaction kept the mixture gently boiling, until a permanent yellow colour was produced 
(28 c.c., 2-2 atoms). After cooling, it was treated with water (200 c.c.) and filtered; the chloroform layer was washed 
with water and dried over potassium carbonate. After removal of the solvent, the residual oil was vacuum distilled, 
being obtained in 48% yield (53-7 g.); b. p. 89°/18 mm. A sample was analysed by Carius’ method, used throughout 
this work (Found: Br, 35-4. C,H,,O,Br requires Br, 35-6%). 

a-Methylacraldehyde Diethyi Acetal_—a-Bromoisobutyraldehyde diethyl acetal (120 g., 1 mol.) was added to a solution 
of sodium (36-8 g.; 2 atoms) in alcohol (460 c.c.) and the mixture boiled under reflux for 48 hours. It was treated 
with water (400 c.c.) and the oil separated. The ponte layer was extracted once with ether and the oil added to this 
extract which was dried with sodium sulphate. After removal of solvent, the residue was distilled, being obtained in 
85% yield (64 g.); b. p. 1483—148°. 

af-Dibromoisobutyraldehyde Diethyl Acetal.—A solution of a-methylacraldehyde diethyl acetal (64 g., 1 mol.) in 
chloroform (220 c.c.) was stirred mechanically with ice cooling and bromine dropped in until a permanent yellow colour 
was produced (15-9 c.c., 1-5 atoms). The solution was washed with water and dried over potassium carbonate. After 
removal of the solvent, the residue was distilled under reduced pressure, and gave a 52% yield (70 g.) of colourless liquid, 
b. p. 137°/35 mm. (Found: Br, 52-5. C,H,,0,Br, requires Br, 52-6%). 

6-Bromo-a-methylacraldehyde Diethyl Acetal_—aB-Dibromoisobutyraldehyde diethyl acetal (35 g., 1 mol.) was added 
toa solution of sodium (3-18 g., 1-2 atoms) in alcohol (60 c.c.) and the solution was boiled under reflux for 3 hours. After 
cooling, the sodium bromide was filtered off and washed with alcohol. The alcohol was distilled off from the filtrate and 
the residue was taken up in ether and this extract dried over sodium sulphate. From it a 61% yield (18-2 g.) of colourless 
liquid was obtained, b. p. 115°/25 mm. (Found: Br, 35-7. C,H,,O,Br requires Brt 35-8%). 

p-Anilino-a-methylacraldehyde Anil Hydrochloride (11).—The filtered réaction mixture from the preceding preparation 
was treated with aniline (22 c.c.; 2 mols.), heated on the steam bath for 1 minute, and then treated with concentrated 
hydrochloric acid (45 c.c.; 3 mols.). Vigorous reaction occurred and a yellow solid separated. Ice-water (470 c.c.) was 
added and the solid separated, washed with water and ether and dried, being obtained in 63% yield (20 g.). Before 
analysis, a sample was extracted with ether in a Soxhlet ap tus. It was dried to constant weight at 60—80° in a 
vacuum; this method of drying was employed throughout this work except where otherwise stated (Found: Cl, 13-2; 
N, 10-1. C,gH,,N,Cl requires Cl, 13-1; N, 10-3%). It had m. p. 232° (decomp.) and an absorption maximum at 3730 a. 

Treatment of 8-bromo-a-methylacraldehyde diethyl acetal (whether isolated or in the form of reaction mixture from the 
Previous preparation) with aniline hydrochloride (1 mol.) and excess of hydrochloric acid, in either spirit or aqueous 
solution, with or without heating, gave the same anil hydrochloride but in poorer yield. 

aay-T viethoxy-B-bromobutane.—After drying over sodium sulphate and distilling, crotonaldehyde (73-2 g.; 1 mol.), 
b. p. 101—108°, was dissolved in absolute ether (185 c.c.) and to the solution, cooled in a freezing mixture, bromine was 
added until a permanent yellow colour was produced (56 c.c. required; 2-2 atoms). A 1% solution of hydrochloric acid 
im absolute alcohol (900 c.c.) was added to the ethereal solution of crotonaldehyde dibromide and the liquid boiled for 
46 hours and then poured into water (4000 c.c.). It was extracted with chloroform (3 x 100 c.c.), the extract freed from 
acid by shaking for 5 minutes with 1% sodium hydroxide solution (1000 c.c.) and then dried over sodium sulphate. The 
solvent was removed and the residue vacuum distilled (141 g. obtained) and then fractionally distilled under a vacuum. 
A forerun (11 g.) having a low bromine content (Found: Br, 23-5%) was discarded; three higher-boiling fractions, which 
approximated to one another in bromine content, were combined and amounted to a 42% yield (118-3 g.), b. Pp 105— 
120°/20—25 mm. Assuming the impurity to be crotonaldehyde dibromide, the conversion is 90% (Found: Br, 33-7. 
C alc. for CygH,,0,Br: Br, 297%; calc. for C,H,OBr,: Br, 69°5%). 

8-Ethoxycrotonaldehyde Diethyl Acetal—aay-Triethoxy-f-bromobutane (196 g.; 1 mol.) was treated with a solution 
% sodium (50 g.; 3 atoms) in absolute alcohol (570 c.c.) and the mixture was heated on the steam bath for 96 hours. 

ss : 
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assuming the bromine-containing impurity to be the preceding compound. These two fractions were colourless; 
third (3-2 g.), b. p. 116—144”/11 mm., was yellow and was rejected (Found: Br, 5-7%). 
The preparations of this acetal and of the preceding compound were carried out by Miss E. M. Wilson. 


Absorption for Absorption for Bathochromic Absorption for Bathochromi 
unsubstituted B-methyl shift caused y-methyl shift caused 
Dicarbocyanine halide. hain. substituent. by f-methyl. substituent. by y-methy]. 
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: 3’-diEt-4 : 5: 4’ : 5’-dibenzthia- 6940 _ — 
: 3’-diEt-6 : 7: 6’ : 7’-dibenzthia- ..: 6940 6840 30 
: 3’-diEt-5 : 5’-diCl-thia-............... 6660 6630 30 
Se ANON as ctc ccs cnvtadeseces covers 6700 6550 50 
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was boiled out with methyl alcohol (10 c.c.) and recrystallised (1-2 g., 45%) from methyl alcohol (325-c.c.) (Found: 

I, 23-9. Calc. for C,,H,,N,IS,: I, 23-85%). It was also prepared from 2-methylbenzthiazole ethiodide (1-53 g. ; 2 mols), 
B-bromo-a-methylacraldehyde diethyl acetal (1-12 g., 2 mols.), and pyridine (15 c.c.), by boiling them together for 2 
minutes and precipitating with ether. The crude dye was washed with hot water, and then with acetone and ether and 
on recrystallisation from methyl alcohol gave a 26% yield (0-34 g.). It formed dark green crystals with a gold reflex; 
m. p. 261—263° (decomp.). The absorption maximum of a methyl-alcoholic solution is at 6400 a. This dye is described 
as having been prepared by use of B-ethoxy-a-methylacraldehyde acetal in pyridine and as having its absorption maximum 
at 6500 a. and its sensitising maximum at 6950 a. (I.G. Farbenind. A.-G., B.P. 394,537/1931). Sitnik and Steingardt, 
who prepared it in the same way, obtained a 46% yield and quote m. p. 250° (J. Appl. Chem. Russ., 1936, 9, 1842). 

Bis-2-(5-chloro-3-ethylbenzthiazole)-y-methylpentamethincyanine Chloride.—This was similarly prepared from 5-chloro- 
2-methylbenzthiazole (7-68 g., 2 mols.) and f-anilino-a-methylacraldehyde anil hydrochloride (2-73 g., 1 mol.) in alcohol 
(30 c.c.), the mixture being boiled and stirred for 7 minutes after addition of a solution of sodium (0°51 g., 2-2 atoms) 
in alcohol (10 c.c.), and then poured into a hot solution of ammonium chloride (5-3 g., 10 mols.) in water (20 c.c.). The 
dye was filtered off when cold and washed with water and with ether (3-98 g. obtained). It was recrystallised from methyl 
alcohol (1850 c.c.) and obtained in 34% yield (1-71 g.) (Found: Cl, 20-8. C,,H,3N,Cl,S, requires Cl, 20-9%). The 
bluish-grey crystals had m. p. 263° (decomp.). The absorption maximum is at 6630 a. Sensitising is from 6660—7150., 
with the maximum at 6900 a. 

Bis-2-(5 : 6-dimethoxy-3-ethylbenzthiazole)-y-methylpentamethincyanine Iodide.—This was similarly prepared from 
5 : 6-dimethoxy-2-methylbenzthiazole ethiodide. The crude dye (1-8 g., 55% yield) was contaminated with purple 
impurity, from which it was freed by stirring with hot water (100 c.c.), washing several times with water, and then 
washing with successive quantities of acetone until the filtrates had lost the reddish colour. The residue was recrystallised 
from methyl alcohol (650 c.c.) and a 34% yield (1-1 g.) of brilliant green crystals obtained (Found: I, 19-35. Calc. for 
CygHs30,N,IS,: I, 19°45%). M. p. 233—235° (decomp.). The absorption maximum of its methyl-alcoholic solution 
is at 6750 a. It is described as having been prepared by use of B-ethoxy-a-methylacraldehyde acetal in pyridine (I. G. 
- Farbenind. A.-G., B.P. 394,537/1931). 

Bis-2-(3-ethyl-6 : 7-benzbenzthiazole)-y-methylpentamethincyanine Iodide.—This was similarly prepared from 2-methyl- 
6 : 7-benzbenzthiazole ethiodide. After washing with water and with ether, the crude dye (1-7 g., 54% yield) was boiled 
out five times with methanol (total 100 c.c.) in order to remove purple impurity. The residue was then recrystallised from 
methanol (1300 c.c.) and was obtained in 45% yield (Found: I, 20-2. C,,H,,N,IS, requires I, 20-1%). The greenish 
gold crystals had m. p. 270° (decomp.). The absorption maximum is at 6840 a. It sensitises from 5500—7900, with 
maximum at 7000 a. 

Bis-2-(3-ethylbenzselenazole)-y-methylpentamethincyanine Chloride.—2-Methylbenzselenazole (3-92 g., 2 mols.) was 
heated for 3 hours at 100° with ethyl sulphate (2-6 c.c., 2 mols.), which had been made neutral and anhydrous by treat- 
ment with sodium bicarbonate and sodium sulphate. The product was dissolved in hot alcohol and treated with the 
anil hydrochloride; after adding sodium in alcohol, the mixture was boiled and stirred and poured into hot ammonium 
chloride solution. The crude dye was filtered off, washed with water and ether (3-78 g. obtained), and recrystallised from 
methyl alcohol (25 c.c.). A 43% yield (2-50 g.) of green crystals with a golden reflex was obtained (Found: N, 5:35. 
C,,H,,N,ClSe, requires N, 5-25%); m. p. 214° (decomp.). The absorption maximum of a methanolic solution is at 
6550 a. The sensitising maximum is at 7000 and sensitisation extends from 6200—7400 a. The corresponding iodide 
has been described (I.G. Farbenind. A.-G., B.P. 394,537/1931). 

Bis-2-(1 : 3 : 3-trimethylindolenine)-y-methylpentamethincyanine Iodide (V1).—2:3:3-Trimethylindolenine meth- 
iodide (6-02 g., 2 mols.), B-anilino-a-methylacraldehyde anil hydrochloride (2-73 g., 1 mol.), anhydrous sodium acetate 
(7-22 g., 8-8 mols.) and acetic anhydride (40 c.c.) were boiled together, with stirring, for 2 minutes. The solution was 
poured into a solution of potassium iodide (6-4 g., 4 mols.) in water (30c.c.). The resultant green tar solidified on cooling 
and after separation was washed with water and ether (4-49 g. obtained). It was recrystallised by taking up in hot 
methanol (70 c.c.) and adding hot water (70 c.c.). The yield of dark greenish-blue crystals was 68% (3-54 g.) (Found, 
after drying to constant weight in a vacuum at 100—110°: I, 24-15. C,,H,,N,I requires I, 24-2%). It had m. p. 250— 
252° (decomp.). The absorption maximum is at 6370 a. and the dye shows no sensitising action. 

Bis-2-(1-ethylquinoline)-y-methylpentamethincyanine Iodide (Vil).—Quinaldine etho-p-toluenesulphonate (3-43 8.), 
B-anilino-a-methylacraldehyde anil hydrochloride, anhydrous sodium acetate and acetic anhydride were boiled together 
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for 5 minutes and the solution poured into hot aqueous potassium iodide. The crystalline dye was separated when cold, 
washed with water and ether (1-12 g. obtained), and recrystallised from methanol (400 c.c.), being obtained in 38% 
yield (Found: I, 24-45. C,,H, N,I requires I, 24-4%). The green crystals had m. p. 260—261° (decomp.). The 
principal absorption maximum is at 7050 with a secondary one at 6500 a. The principal sensitising maximum is at 
7500 with a weaker one at 6850 a. 

Bis-4-(1-ethylquinoline)-y-methylpentamethincyanine Iodide (VIII).—Lepidine (2-86 g., 2 mols.) and ethyl -toluene- 
sulphonate (4-00 g., 2 mols.) were heated together at 145—155° for 3hours. The product was dissolved in acetic anhydride 
(70 c.c.) and boiled with the anil hydrochloride and sodium acetate for one minute; the reaction mixture was poured into 
hot aqueous potassium iodide. After cooling, some ammonia was added to cause separation of the dye, which was 
filtered off and washed with water and ether (0-6 g. obtained). It was recrystallised from methanol (85 c.c. per g.) and 
obtained in 3% yield (Found: I, 24-4. C,,H,,N,I requires I, 24.4%). The greenish golden crystals had m. p. 240— 
241° (decomp.). The absorption maximum is at 8180 a., with an inflexion in the curve at 7300 a. Sensitising is from 
7000—9200 with the maximum at 8700 a. 

Bis-2-(3-ethylbenzthiazole)-B-methylpentamethincyanine Iodide (IX; R = Et).—2-Methylbenzthiazole etho-p-toluene- 
sulphonate (1-75 g., 2 mols.), B-ethoxycrotonaldehyde diethyl acetal (1 c.c., 2 mols.), anhydrous sodium acetate (1-64 g., 
g mols.) and acetic anhydride (40 c.c.) were mixed together and kept at 0°, with occasional stirring, for 5 days, when the 
mixture was added to water (300 c.c.). After some hours the product was filtered off, dissolved in hot spirit and treated 
with a hot solution of potassium iodide (1-7 g., 4 mols.) in water (20 c.c.). After recrystallising the crude dye (0-4 g.) 
from methanol (200 c.c. per g.) the yield was 27% (0°35 g.). In another ——— 2-methylbenzthiazole ethiodide 
(1-53 g., 2 mols.), B-ethoxycrotonaldehyde diethyl acetal (1 c.c., 2 mols.), and triethylamine (0-35 c.c., 1 mol.) in absolute 
alcohol (25 c.c.) were boiled and stirred together for 4 minutes. After cooling, the dye was separated, washed with 
water (0°54 g. obtained), and recrystallised from methanol. The yield of green crystals, m. p. 206—207° (decomp.), 
was 32% (0°43 g.) (Found: I, 23-9. C,,H,,N,IS, requires I, 23-8%). The absorption maximum is at 66104. The 
sensitising action of the dye extends from 5000—7500 with a maximum at 7000 a. 

The preparations of this dye were carried out by Miss E. M. Wilson. 

Bis-2-(3-methylbenzthiazole)-B-methylpentamethincyanine Iodide (IX; R = Me).—This was similarly prepared from 
2-methylbenzthiazole methiodide, B-ethoxycrotonaldehyde diethyl acetal, and triethylamine in alcohol. The washed 
dye (17% yield) was recrystallised from methanol (750'c.c. per g.) and the yield was 12% (Found : I, 25-05. C,,H,,N,IS, 
requires I, 25-15%). The greyish blue crystals had m. p. 215° (decomp.). The absorption maximum is at 66104. It 
shows payigal), sensitising action from 6000—7500 a. with a maximum at 7000 (cf. Kendall, Wood, and Majer, 
B.P. 553,144/1941). 

Bis-2-(5-chloro-3-ethylbenzthiazole)-B-methylpentamethincyanine p-Toluenesulphonate.—This was prepared by inter- 
action of 5-chloro-2-methylbenzthiazole etho-p-toluenesulphonate, B-ethoxycrotonaldehyde diethyl acetal, anhydrous 
sodium acetate, and acetic anhydride at 0° during 5 days. The reaction mixture was poured into water and after some 
hours the dye was separated, and washed with water.and ether (72% yield). It was recrystallised from methanol (165 c.c. 
per g.) and obtained in 58% yield, In a similar experiment, pyridine took the place of the sodium acetate and acetic 
anhydride but, under these conditions, the yield of recrystallised dye was only 15% (Found: Cl, 10-9. C3;,H,,0,N,CI,S, 
requires Cl, 110%). The blue-green crystals had m. p. 231° (decomp.). The absorption maximum is at 66604. It 
sensitises from 6000—7500 with a maximum at 7000 a. 

Bis-2-(5 : 6-dimethoxy-3-ethylbenzthiazole)-B-methylpentamethincyanine Iodide.—5 : 6-Dimethoxy-2-methylbenzthiazole 
ethiodide (3-65 g., 2 mols.), B-ethoxycrotonaldehyde diethyl acetal (2 c.c., 2 mols.), triethylamine (7 c.c., 1 mol.) and 
ethyl alcohol (50 c.c.) were boiled and stirred together for 5 minutes. The crude dye was washed successively with 
water, acetone and ether (0-25 g. obtained). It was recrystallised from methanol (100 c.c.) and the yield was 4% (0-15 g.) 
(Found : I, 19-55. CygH;,0,N,IS, requires I, 19-5%). The dull green crystals had m. p. 207° (decomp.). The absorp- 
tion maximum is at 6950 a., with an inflexion at 6400. The dye sensitises from 6000—7700 with a maximum at 7250 a. 

Bis-2-(3-ethyl-4 : 5-benzbenzthiazole)-B-methylpentamethincyanine Iodide.—This was similarly prepared by use of 
2-methyl-4 : 5-benzbenzthiazole ethiodide. The washed crude dye was recrystallised from methanol (575 c.c. per g.) 
(3% yield) (Found: I, 20-15. Cs3,H,,N,IS, requires I, 20-1%). The green crystals had m. p. 224° (decomp.): The 
absorption maximum is at 6940 a. The dye sensitised to 6500 a. with the maximum at 6100 and there was only a trace 
of sensitising at 7300 a. 

Bis-2-(3-ethyl-6 : 7-benzbenzthiazole)-B-methylpentamethincyanine Bromide.—This dye was prepared by interaction of 
2-methyl-6 : 7-benzbenzthiazole etho-p-toluenesulphonate, B-ethoxycrotonaldehyde diethyl acetal, and sodium acetate 
in acetic anhydride, followed by treatment with water; the rather sticky product was dissolved in hot spirit and the 
bromide precipitated by means of aqueous ammonium bromide. In one case the condensation was carried out at 0° 
during 4 days, in another at the boiling temperature for 2 minutes. The combined products were recrystallised from 
methanol and obtained in 7% yield (Found: Br, 13-1. C3,H, »N,BrS, requires Br, 13-2%). The dark green crystals 
had m. p. 197° (decomp.). The absorption maximum is at 6940 a. The dye sensitises from 6800—7600 with a maximum 
at 7250 a. 

Bis-2-(3-ethylbenzselenazole)-B-methylpentamethincyanine Iodide (X).—After heating a mixture of 2-methylbenz- 
selenazole and ethyl sulphate at 100° for 3 hours, the product was dissolved in acetic anhydride, and anhydrous sodium 
acetate was added. The mixture was cooled to 0° and treated with 8-ethoxycrotonaldehyde diethyl acetal. After 
4 days at 0° with occasional stirring, the mixture was heated to 100° and treated with hot potassium iodide solution. 
The precipitated dye was filtered off when cold and washed with water (20% yield). It was recrystallised from methanol 
(600 c.c. per g.) and obtained in only 4% yield, apparently unstable in solution (Found : I, 20-15. C,,H,,N,ISe, requires 
1,20-25%). The greenish gold crystals had m. p. 190° (decomp.). The absorption maximum is at 6700 a. It sensitises 
from 5800—7600 with a maximum at 7200 a. 

_ Bis-2-(1 : 3 : 3-trimethylindolenine)-B-methylpentamethincyanine Iodide (XI).—2:3:3-Trimethylindolenine meth- 
iodide (3 g., 2 mols.), B-ethoxycrotonaldehyde diethyl acetal (2 c.c., 2 mols.), and pyridine (40 c.c.) were boiled together 
under reflux for 15 minutes. The dye was precipitated with ether (34% yield). The crude product was dissolved in hot 
éthanol (11 c.c. per g.) and the filtered solution treated with hot water (17 c.c. perg.). The yield of dark Fe crystals 
was 14%. For analysis a sample was dried to constant weight in a vacuum at 90° (Found: I, 24:2. C,,H,,N,I requires 


I, 24-29%). The dark purple crystals had m. p. 133° (decomp.). The absorption maximum is at 6540a. The dye 
does not confer extra sensitivity. 

Bis-2-(3-ethylbenzthiazole)-aa’-dimethylpentamethincyanine Iodide.—2-Ethylbenzthiazole ethiodide (3-19 g., 2 mols.), 
Bethoxyacraldehyde diethyl acetal (1-74 g., 2 mols.) and pyridine (15 c.c.) were boiled together under reflux for 5 minutes. 
Some solid crystallised on cooling and more was precipitated by addition of ether. It was separated, washed with hot 
water, then with acetone and ether (1-15 g. obtained). On recrystallisation from methanol (375 c.c. per g.), it was obtained 
Sn yield (Found: I, 23-3. Calc. for Me Ce LY I, 23-2%). The dark green crystals had m. p. 241° (decomp.). 


tnik and Steingardt (J. Appl. Chem. Russ., 1936, 9, 1842) obtained a 15% yield, but did not record any analysis or m. p. 
The absorption maximum is at 6650 a. The dye is a sensitiser, its action extending to 7700 with a maximum at 7100 a. 
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Bis-(3-ethylbenzoxazole)pentamethincyanine Iodide (XII)—A mixture of 2-methylbenzoxazole etho-p-tolueng 
sulphonate (5 g., 2 mols.), 8-anilinoacraldehyde anil hydrochloride (1-94 g., 1 mol.), anhydrous potassium acetate (3-0 ¢, 
4 mols.) and acetic anhydride (20 c.c.) was put into a glycerol bath at 60° and stirred mechanically. The temperatuy 
was raised to 130° during 9—-10 minutes and kept at 130—132° for 4 minute. The reaction mixture was then poure 
into a cold solution of potassi1m iodide (10 g., 8 mols.) in water (200 c.c.). Next day the aqueous part was separated anj 
the tar washed thrice with water and once with ether. After treatment with a cold mixture of methanol (1 c.c.) anj 
ethyl acetate (19 c.c.), solid dye was separated and was washed thrice with ethyl acetate (total 6 c.c.) (0-20 g. obtained), 
After recrystallisation from methanol (8 c.c.), it was obtained in 3% yield (0-12 g.) (Found, after drying in a vacuun 
at 100—110°: I, 26-2. Calc. for C,,H,,0,N,I: I, 26-1%). The steely crystals had m. p. 232° (decomp.). 

2-B-Acetanilidovinylbenzoxazole ethiodide (4-34 g., 2 mols.), malonic acid (0-62 g., 1-2 mols.) and triethylamin 
(3 c.c., 4 mols.) were heated together in an oil-bath at 80—90° for 20 minutes. The melt was stirred up with hot wate 
which was decanted off when cold and this treatment was repeated. The residue was dissolved in hot acetone (15 c.c) 
and dye crystallised on cooling (0-41 g. obtained), On recrystallisation from methanol (25 c.c. per g.) the yield was 
15% (0-29 g.). Ogata (Bull. Inst. Phys. Chem. Res., Japan, 1937, 16, 631) quotes a 17% yield. 

Bis-(3-ethylbenzoxazole)-y-methylpentamethincyanine Iodide (XIII).—2-8-Acetanilidovinylbenzoxazole — ethiodide 
(17-36 g., 2 mols.) and methylmalonic acid (2-40 g., 1-2 mols.) were ground together and treated with triethylamine (12 c.c, 
4-4 mols.). The mixture was heated with mechanical stirring for 45 mins. in an oil bath at 80—90°. The resultant ta 
was washed twice with hot water and the residue was then heated with acetone (15 c.c.). Crystals were deposited on 
cooling and were filtered off, washed with acetone (0-55 g. obtained) and recrystallised from methanol (30 c.c. per g,), 
The yield, after two crystallisations, was 2% (Found: I, 25°55. Calc. for C,gH,,O,N,I: I, 25°35%). The steel-blue 
crystals had m. p. 242° (decomp.). A methanolic solution had its absorption maximum at 5750a. The photographic 
sensitising action extended to 6400 a. and was at its maximum at 6150 a. Ogata (Proc. Imp. Acad. Japan, 1937, 13, 
325) records m. p. 217°, absorption maximum 5900 a. in alcohol, and sensitising maximum 6100 a. 


We are indebted to Miss M. D. Gauntlett for the absorption spectra, to Dr. B. H. Carroll for the sensitising data, and 
to Miss E, M. Wilson for three preparations which have been specified. 


Kopak Ltp., WEALDSTONE, Harrow, MIDDLESEX. [Received, May 29th, 1945.} 





161. The Acylation of 4-Hydroxy-3-carbethoxy-2-methylthiophen. 
By J. H. Beynon and A. B. A. JANSEN. 


An acyl group can be readily introduced into 4-hydroxy-3-carbethoxy-2-methylthiophen by the Friedel- 
Crafts method. 


THE introduction of an acyl group into the thiophen nucleus under Friedel-Crafts conditions has been described 
only for the parent compound and its simple homologues. It is of interest to record an application of the 
5 reaction to a more highly substituted thiophen nucleus, namely, 4-hydroxy-3-carbethoxy- 
2-methylthiophen (R = C,H,;; R’ = H). This substance reacts with acid chlorides in the 
Bs | oT R Presence of aluminium chloride in nitrobenzene to give the corresponding 5-acyl derivatives. 
SPT a sites In this way 65-aceto-, 5-chloroaceto-, and 5-stearo-4-hydroxy-3-carbethoxy-2-methylthiophen 

(R = C,H,;; R’ = Ac, Cl‘CH,-CO-, and C,,H,,*CO*) have been prepared. 
4-Hydroxy-3-carbethoxy-2-methylthiophen itself, by reacting possibly in the keto-form, undergoes con- 
siderable resinification on treatment with alkalis (Benary and Baravian, Ber., 1915, 48, 593). No tendency to 
polymerize, however, is shown by the 5-aceto- and 5-stearo-derivatives, and these are readily hydro- 
lysed with aqueous alcoholic potassium hydroxide in almost quantitative yield to 5-aceto-, and 5-stearo-4- 
hydroxy-3-carboxy-2-methylthiophen (R = H; R’ = Ac; and C,,H;,-CO). With the 5-chloraceto-derivative, 
as is to be expected from the reactivity of the substituent group, a complex reaction occurs with alkalis, and 
the acid could-not be obtained by hydrolysis. An acid which on analysis appeared to be the monohydrate of 
4-hydvoxy-3-carboxy-5-chloroaceto-2-methylthiophen (R =H; R’ = CICH,°CO) was isolated as a by-product 
of the Friedel-Crafts reaction. The molecule of water could not be removed from the acid, but the latter 

yielded an ethyl ester identical with that described above. 


EXPERIMENTAL. 


4-H ydroxy-3-carbethoxy-5-aceto-2-methylthiophen.—Aluminium chloride (40-2 g., 3 mol.) in nitrobenzene (200 c.c.) 
was added to 4-hydroxy-3-carbethoxy-2-methylthiophen (18-6 g., 1 mol.) (Benary and Baravian, loc. cit.) and acetyl 
chloride (11-8 g., 1-5 mol.) in nitrobenzene (100 c.c.). The mixture was heated on a boiling water bath for 4 hours and, 
when cool, was poured on to a mixture of crushed ice (600 g.) and concentrated sulphuric acid (30 c.c.). The nitrobenzene, 
together with some of the unchanged thiophen ester, was removed with steam.. The residue was crystallised from alcohol 
(charcoal) to give colourless prisms (10 g.), m. p. 101—102° (Found: C, 53-0; H, 5-4; S, 14-1. C,.H,,0,S requires 
C, 52-6; H, 53; S, 14-05%). 

4-Hydroxy-3-carboxy-5-aceto-2-methylthiophen.—The above ester (1 g.) in alcohol (40 c.c.) was refluxed with potassium 
hydroxide (0-8 g.) in water (3 c.c.) for 15 minutes. After acidification with hydrochloric acid, the whole was poured into 
water and the solid product collected and dried (wt., 0-85 g.). The acid was insoluble in alcohol, ligroin, benzene, chloro- 
form, and ethyl acetate, but crystallised from glacial acetic acid in colourless prisms, m. p. ca. 265° (decomp.) (Found: 
C, 47-9; H, 4:25; S, 15-8. C,H,O,S requires C, 48-0; H, 4-0; S, 16-0%). 

4-H ydroxy-3-carbethoxy-5-chloroaceto- -methylthiophen.—Aluminium chloride (24 g., 3 mol.) in nitrobenzene (100 c.c.) 
was added to 4-hydroxy-3-carbethoxy-2-methylthiophen (11-2 g., 1 mol.) and chloroacetyl chloride (8-2 g., 1-2 mol.) in 
nitrobenzene (50 c.c.). The mixture was heated on a boiling water bath for 6 hours, and when cool, poured on to crushed 
ice (400 g.) and concentrated sulphuric acid (15 c.c.). The nitrobenzene was removed with steam and the residue tri 
turated with 2n sodium carbonate solution (20 c.c.), collected, and washed with water. The material, containing much 
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arry impurity, was crystallised twice from alcohol. (charcoal) giving colourless needles (2-5 g.), m. p. 145° (Found: C, 
5-7; H, 42; S, 12-2; Cl, 13-45. C,9H,,0,SCI requires C, 45-7; H, 4:2; S, 12-2; Cl, 13-5%). 

4-H ‘ydroxy-3-carboxy-5-chloroaceto-2-methylthiophen.—The sodium carbonate extract of the above ester was acidified 
vith hydrochloric acid and the precipitate collected. The product was crystallised twice from aqueous alcohol (charcoal) 
o give colourless needles (1-5 g.), m. p. ca. 195° (decomp.). This is probably the monohydrate of 4-hydroxy-3-carboxy- 
-chlovoaceto-2-methylthiophen (Found: C, 38-4; H, 3-5; S, 12-8; Cl, 14:1. C,H,O,SCI1,H,O requires C, 38-0; H, 3-6; 
b 12:7; Cl, 14:1%). Neither crystallisation from benzene, nor sublimation at 150°/10-5 mm. served to remove a molecule 
nf water from the acid. 

The acid was converted to its ester as follows. A small amount of the substance was heated to ca. 60° with thionyl 
hloride. After a few minutes the excess thionyl chloride was boiled off and the residual acid chloride decomposed with 
alcohol. The product, recrystallised from alcohol, had m. p. 145°, not depressed by admixture with authentic 4-hydroxy- 
3-carbethoxy-5-chloroaceto-2-methylthiophen. 

Attempts to hydrolyse the latter ester were unsuccessful. Little reaction occurred on shaking the compound with 
3 equivalents of N NaOH at room temperature for 48 hours; heating with alkalis gave only resinous products. 

4-H ydroxy-3-carbethoxy-5-stearo-2-methylthiophen.—Aluminium chloride (40-2 g., 3 mol.) in nitrobenzene (200 c.c.) was 
added to 4-hydroxyl-3-carbethoxy-2-methythiophen (18-6 g., 1 mol.) and stearyl chloride (30-2 g., 1 mol.—from stearic 
acid, m. p. 69°) in nitrobenzene (100 c.c.). The mixture was heated at 105—110° for 2} hours and when cool, the product 
was poured on to crushed ice (600 g.) and concentrated sulphuric acid (30 c.c.). The nitrobenzene was removed with 
steam and the residue was crystallised from glacial acetic acid (70 c.c.), yielding a mixture (32 g.) of stearic acid and the 
desired compound. The crystals were dissolved in alcohol (400 c.c.) and calcium chloride (8 g.) in alcohol (200 c.c.) was 
added. The solution was then made just alkaline to litmus by the dropwise addition of ammonium hydroxide solution 
(0-880) and the precipitate of calcium stearate was collected. The filtrate was evaporated to a small bulk under reduced 
pressure, diluted with water and the separated solid collected. After drying in a vacuum desiccator, the two products 
were combined and extracted with hot ligroin (b. p. 60—80°) and then with benzene. (Treatment of the solid with 
benzene without the initial ligroin extraction caused gel formation.) The extracts were combined and the solvent 
evaporated. The solid residue (13 g.) would not crystallise satisfactorily (due probably to contamination with calcium 
salts) until it had been boiled for a few minutes with dilute hydrochloric acid, after which it separated from ligroin 
(b. p. 602 —80°) in well-formed crystals. Two crystallisations from this solvent and one from alcohol gave colourless 
prisms (9 g.), m. p. 61—62° (Found: C, 68-6; H, 9-4; S, 7-3. C,gH,,O,S requires C, 69-0; H, 9-8; S, 7:1%). 

4-H ydroxy-3-carboxy-5-stearo-2-methylihiophen.—The above ester (7 g.) in alcoho 1(100 c.c.) was refluxed with potassium 
hydroxide (2-5 g.) in water (10 c.c.) for 30 minutes. Water (100 c.c.) was added, and the refluxing continued for a further 
30 minutes, when a clear solution was obtained. The hot solution was acidified with hydrochloric acid and the whole 
poured into water. The solid was collected and dried (wt., 6-3 g.) m. p. 128—131°. Crystallisation from benzene gave 
colourless plates (6 g.) m. p. 1832—133° (Found: C 67-8; H 8-9; S, 7-6. C,H, 0,S requires C, 67-9; H, 9-4; S, 76%). 

Each of the above 3-carbethoxy- and 3-carboxy-4-hydroxy-5-acyl-2-methylthiophens gave an intense violet colour 
with alcoholic ferric chloride. The enol group of the 5-aceto- and 5-stearo-esters is titratable in alcoholic solution with 
standard sodium hydroxide solution, using phenolphthalein as indicator., With the 5-chloroaceto-ester the end-point is 
obscured by the formation of colour attending the resinification of the compound. 


The authors are indebted to N.V. De Bataafsche Petroleum Maatschappij for permission to publish this paper. 


B.P.M. RESEARCH LABORATORIES, THORNTON-LE-Moors, CHESHIRE. [ Received, June 22nd, 1945.] 





162. The Action of Thionyl Chloride on 2: 4-Dimethylthiazole-5-carboxylic Acid. 
By W. R. Boon. 


When 2 : 4-dimethylthiazole-5-carboxylic acid (I; R = OH) is heated under reflux with an excess of thionyl 


chloride the main product is 4-methylthiazole-2 : 5-dicarboxylic acid dichloride (Il; R = R’ = Cl). The normal 
acid chloride (I; R = Cl) is obtained by the action of 1 mol. of thionyl chloride in presence of pyridine. 


Ix an attempt to prepare 2 : 4-dimethylthiazole-5-carboxylic acid chloride (I; R = Cl) by heating the acid 
under reflux with an excess of thionyl chloride, an acid chloride was obtained which, owing to difficulties of 
purification and its extreme sensitivity, did not give satisfactory analytical results, but nevertheless appeared 
to be a methylthiazole-dicarboxylic acid dichloride. Confirmation of this was obtained by converting it into 
aseries of diamides [II; R = R’ = NH,, NHMe, NHEt, N(Me),, N(Et),, or N <C,H,>O]. 

Of the two possible methylthiazole-dicarboxylic acids, 2-methylthiazole-4 : 5-dicarboxylic acid (III) has 
been described (Roubleff, Annalen, 1890, 259, 253). Hydrolysis of the dichloride with water, instead of giving 
a dicarboxylic acid, led to formation of 4-methylthiazole-5-carboxylic acid (IV), identical (m. p. and mixed 
m. p. of acids and of ethyl esters) with that described by Wohmann (ibid., p. 277). 
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Final confirmation of the structure of the acid chloride was obtained by the synthesis of ethyl 4-methyl- 
thiazole-2 : 5-dicarboxylate (II; R = R’ = OEt), and its conversion into the same diamide (II; R = R’ = 
NH,) as that obtained from the dichloride. The synthesis of this ester was effected by condensing ethyl 
monothio-oxamate, NH,-CS-CO,Et, with ethyl «-chloroacetoacetate. Hydrolysis of the ester with dilute 
sodium hydroxide, followed by acidification, gave an excellent yield of 4-methylthiazole-5-carboxylic acid, 
tarbon dioxide being lost very readily even if the acidification was effected at 1°. This lability, which appears 
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to be a general property of thiazole-2-carboxylic acids (see B.P. 546,994), makes ethyl monothio-oxamate q pot 
useful intermediate for the preparation of thiazoles unsubstituted in position 2. ‘¢ mot 

Reaction of ethyl 4-methylthiazole-2 : 5-dicarboxylate with 2-5 mols. of hydrazine hydrate (5%) at room, 4°89 
temperature gave, in addition to the dihydrazide (II; R = R’ = NH-NH,), ethyl 4-methylthiazole-2-carboxy. — 
hydrazide-5-carboxylate (Il; R = OEt, R’ = NH-NH,). The configuration of the latter was confirmed by EM) 





vas dis: 





converting it by Curtius’s method into ethyl 5-carbethoxy-4-methylthiazole-2-carbamate (V), identical with the Mb itrite | 
product obtained by reaction between ethyl 2-amino-4-methylthiazole-5-carboxylate and ethyl chloroformate, Hodium 
The exact mechanism of the conversion of 2 : 4-dimethylthiazole-5-carboxylic acid into 4-methylthiazole. Hip the © 












2: 5-dicarboxylic dichloride by means of thionyl chloride is unknown. It appears, however, to be a direct ioe 
oxidation of the 2-methyl group by the thionyl chloride, since it occurs even when the latter has been rigorously i carbo 








purified and when the reaction is effected in an atmosphere of nitrogen; further, considerable quantities of Jjnchan 
sulphur chloride can be isolated as a by-product of the reaction. Oxidation of a suitable methyl group toa 4M 

















carboxy-chloride by means of thionyl chloride is not unknown, since (D.R.-P. 282,133; Friedlander, Vol. 1), eat 
p. 171) 2: 4-dichlorobenzoyl chloride can be made by heating the sodium salt of either 2-chlorotoluene-4- or HM ntil tl 








4-chlorotoluene-2-sulphonic acid with thionyl chloride. 2: 4-Dimethylthiazole-5-carboxylic acid chloride JMMprecipi 
(I; R = Cl) can be made by reaction between 1 mol. each of the acid and thionyl chloride in presence of Ht o 
pyridine; it is unstable, resinifying on attempted distillation. Solutions are, however, readily prepared for n) Fre 
use, é.g., in the preparation of amides, a number of which are described. hydro? 
The amides made in this investigation were examined for respiratory stimulant activity at Edinburgh fjco 
University through the kindness of the late Professor A. J. Clark. Few of the substances examined showed 
any marked activity of this nature, the most active being 2 : 4-dimethylthiazole-5-carboxdiethylamide (I; 
R = NEt,), which possesses the same order of activity as ‘‘ Nikethamide.”’ A similar result was reported by 
Heffer and Reinert (Arch. Int. Pharm. Ther., 1937, 56, 211) during the course of this investigation. The only 
-other substances which approached this in activity were 2 : 4-dimethylthiazole-5-carboxyhydrazide (I; R= 
NH-NH,) and 4-methylthiazole-2 : 4-dicarboxydiamide (II; R = R’ = NH,), which were approximately 
half as active. 















































EXPERIMENTAL. 


Ethyl 2 : 4-dimethylthiazole-5-carboxylate and the corresponding acid were prepared by Hantzsch’s method (A nmalen, 
1889, 250, 260). The methyl ester was made by reaction of the acid with methanol and hydrogen chloride; m. p. 8:8°, 
b. p. 125°/26 mm., n° 1-524. This ester forms,a monohydrate, m. p. 35°5° (Found: N, 7-3. C,H,,0O,NS requires N, 7-4), 

4-Methylthiazole-2 : 5-dicarboxydichloride.—2 : 4-Dimethylthiazole-5-carboxylic acid (80 g.) was heated under reflux 
for 72 hours with pure thionyl chloride (550 c.c.), and the reaction mixture filtered through sintered glass to remove 
7°8 g. of an amorphous, orange product. After the thionyl chloride had been removed by distillation at ordinary pressure, 
the residue was fractionated under reduced pressure, giving sulphur chloride (67 g.) and the acid dichloride (86 g.; 78%), 
b. p. 166—168°/32 mm. (90°/1 mm.) (Found: C, 30-55; H, 1-4; N, 6-15; Cl, 36-2. C,H,O,NCI1,S requires C, 32:1; 
H, 1-34; N, 6-25; Cl, 31-7%). Prolonged heating is necessary to obtain a high yield, 4, 40, and 72 hrs.’ heating giving 
yields of 48, 59, and 76%, respectively. 

The thionyl chloride used above was freed from sulphuryl chloride by heating under reflux with sulphur and 
aluminium chloride. The product was then fractionated, and freed from traces of sulphur chloride by distillation from 
a mixture of linseed oil and bee’s wax. ‘For ordinary preparative purposes technical thionyl chloride is satisfactory. 

2 : 4-Dimethylthiazole-5-carboxychloride.—2 : 4-Dimethylthiazole-5-carboxylic acid (15-9 g.) was suspended in dry 
ether (100 c.c.), pyridine (8 g.) added, and the whole cooled to — 5°. Thionyl chloride (12 g.) was then added slowly 
with stirring so that the temperature did not rise above 0°. After standing for 1 hour, the precipitated pyridine hydro- ° 
chloride was filtered at the pump and rapidly washed with a little dry ether. The acid chloride was obtained by evapor- 
ation of the ether and sulphur dioxide, care being taken that the residue was not heated above 45°. The identity oi 
the product was proved by conversion into the amide. 

Ethyl monothio-oxamate was prepared by the following modification of the recorded method (cf. Weddige, /. pr. 
Chem., 1874, 9, 133). A solution of ethyl cyanoformate (218 g.) in benzene (250 c.c.) was cooled to 0° and saturated 
with dry hydrogen sulphide; diethylamine (2 g.) was then added, and the passage of hydrogen sulphide continued until 
the temperature, which rose to 30—35°, had fallen to 15—20°. After dheailing overnight, the precipitated thio-oxamate 
was filtered off, washed with a small quantity of benzene, and dried at 45° (yield, 237 g.). A further quantity (25 g.) was 
obtained by evaporating the filtrate to dryness and triturating the residue with a little benzene. Total yield 86%, 
m. p. 64—65°. The use of alcohols as solvents during the reaction is to be avoided, since they produce intractable, 
evil-smelling oils. — 

Ethyl 4-Methylthiazole-2 : 5-dicarboxylate.—Ethyl1 a-chloroacetoacetate (257 g.) and ethyl monothio-oxamate (200 g.) 
were mixed and warmed gently to initiate the reaction; the source of heat was then removed, and after the reaction 
had moderated the mixture was heated on a steam-bath for 12 hours, then poured into water, neutralised with sodium 
bicarbonate, and extracted with ether. The ester, recovered by distillation from the dried ethereal solution, had b. p. 
208°/50 mm.; m. p. 59° after crystallisation from petrol (b. p. 60—80°); yield 160 g. (43%) (Found: C, 49-3; H, 53; 
N, 5°75. Cy9H,,;0,NS requires C, 49-4; H, 5-35; N, 5-76%). 

4-Methylthiazole-2 : 5-dicarboxydiamide.—The foregoing ethyl ester (24 g.) was suspended in ammonia (d 0:880; 
200 c.c.) and kept for 5 days. The solid was then filtered off and crystallised first from ethanol and then from dioxan,; 
m. p. 200° (Found: C, 39-0; H, 3-63; N, 22-4. C,H,O,N,S requires C, 38-9; H, 3-78; N, 22-7%). This amide was 
also made from 4-methylthiazole-2 : 5-dicarboxydichloride by adding it to an excess of ice-cold ammonia. 

The following amides of 4-methylthiazole-2 : 5-dicarboxylic acid were made from the acid chloride. Bismethylamide, 
m. p. 217° (Found: C, 45-3; H, 5-6; N, 19-1. C,H,,0,N,S requires C, 45-1; H, 5-2; N, 19-7%); bisethylamide, m. p. 
158° (Found: C, 49-6; H, 6-15; N, 17-0. C,9H,,0,N,S requires C, 49-7; H, 6-23; N, 17-4%); bisdimethylamide, 
b. p. 152—154°/0-1 mm. (Found: C, 49:3; H, 6-25; S, 13-3. C,)H,,0O,N,S requires C, 49-7; H, 6-23; S, 13:3%); 
bisdiethylamide, b. p. 173°/0-4 mm. (Found: C, 56-4; H, 7:4; N, 14-2: S, 11:15. C,,H,s0,N,S requires C, 56-6; H, 
7-7; N, 14:1; S, 108%); bismorpholide, m. p. 118° (Found: C, 52-4; H, 5°75; N, 128. C,,H,O,N,S requires C, 
52-0; H, 5-84: N, 12-9%). 

Ethyl 4-Methylthiazole-2-carboxyhydrazide-5-carboxylate and 4-Methylthiazole-2: 5-dicarboxydihydrazide.—Ethyl 
4-methylthiazole-2 : 5-dicarboxylate (20 g.) was suspended in a mixture of 50% hydrazine hydrate (15 c.c.) and water 
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0c.c.) and kept for 5days. The ethyl ester was then filtered off, and crystallised first from water and then from ethanol; 
_ p. 166° (Found : C, 41-8; H, 5-0; N, 18-45. C,H,,0,N,S requires C, 41-9; H, 4-8; N, 183%). On concentrating 
e mother-liquors, the dihydrazide, m. p. 243°, was obtained (Found: C, 35-4; H, 4:7. C,H,O,N,S requires C, 35-3; 
, 48%). Only the latter was obtained by heating under reflux for 18 hours a mixture of ethyl 4-methylthiazole- 
. §-dicarboxylate (15 g.), 50% hydrazine hydrate (20 c.c.), and water (20 c.c.). 

Ethyl 5-Carbethoxy-4-methylthiazole-2-carbamate.—Ethyl 4-methylthiazole-2-carboxyhydrazide-5-carboxylate (2-3 g.) 
yas dissolved in an excess of 10% hydrochloric acid and allowed to react for 10 minutes at 0° with a solution of sodium 
nitrite (10 g.) in water (15 c.c.). The reaction mixture was extracted with ether, the ethereal solution washed with 
odium carbonate solution, dried over calcium chloride, filtered, and mixed with absolute alcohol (150 c.c.). The bulk 
pf the ether was distilled off, and the residual solution heated under reflux for 3 hours. After evaporation of the alcohol, 
he residue was recrystallised from aqueous alcohol; yield 1-9 g. (80%) (Found: C, 46-8; H, 5-4; N, 10-8. C,)H,,0,N,S 
equires C, 46-5; H, 5-4; N,10-9%). This ester was also made by warming a mixture of ethyl 2-amino-4-methylthiazole- 

arboxylate (Zurcher, Annalen, 1889, 250, 281) (1-9 g.) with ethyl chloroformate (0-5 g.) for 1 hour, extracting the 
ynchanged amine with dilute hydrochloric acid, and recrystallising the residue. 

4-Methylthiazole-5-carboxylic Acid.—(a) From ethyl 4-methylthiazole-2 : 5-dicarboxylate. The ester (21 g.) was dissolved 
» a mixture of industrial ethanol (150 c.c.) and 32% sodium hydroxide (30 c.c.). After being heated under reflux for 

hours, the mixture was evaporated to dryness, the residue dissolved in water, and concentrated hydrochloric acid added 
yntil the solution was faintly acid to Congo-red; during this addition there was a brisk evolution of carbon dioxide. The 
precipitated acid was filtered off, but as it was appreciably soluble in water and heavily contaminated with organic matter, 
he filtrate was evaporated to dryness, and the residue, together with the crude acid, was extracted with ethanol, from 
which the acid crystallised (11-2 g.; 88%), m. p. 260° (decomp.) [Wohmann, Joc. cit., gives m. p. 257° (decomp.)). 


amide, M. Pp 
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163. A Contribution to the Study of Nicotine and the Synthesis of 
7-Azaindole and Derivatives. 


By G. R. CLremo and G. A. Swan. 


2- and 6-A minonicotyrines have been obtained by the Tschitschibabin reaction on nicotyrine and by dehydro- 
genation of the known 2- and 6-aminonicotines. From these, 2- and 6-(p-aminobenzenesulphonamido)-nicotyrines 
have been prepared. From the product of dehydrogenation of 2-aminonicotin€, a base C,H,,N, has also been 
obtained; this is not 2-ethyl-2 : 3-dihydro-7-azaindole (II) and is therefore probably 2-methyl-1 : 2 : 3 : 4-tetra- 
hydro-1 ; 8-naphthyridine (III). 7-Azaindole (IV) has been synthesised; its 2-methyl and 2-ethyl derivatives 
and the corresponding 2 : 3-dihydro-compounds have also been prepared. 


By the action of sodamide on nicotine in xylene solution, Tschitschibabin and Kirssanow (Ber., 1924, 57, 
1163) obtained a mixture of 2- and 6-aminonicotines which were easily separated as the 6-compound was readily 
soluble and the 2-isomer was insoluble in water. The two amines were orientated by conversion to the corre- 
sponding chloronicotines, the oxidation of which led to 2- and 6-chloronicotinic acids respectively. 

By carrying out a similar reaction on nicotyrine (I), 2- and 6-aminonicotyrines have now been obtained, and 
separated by fractional distillation ; both these amines are nearly insoluble in water. Attempts to convert them 
to the corresponding chloronicotyrines failed, as the strongly acidic conditions required for diazotisation led to 
the formation of complex products. 
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Preliminary experiments on the hydrogenation of the aminonicotyrines gave unpromising results. Finally, 
the aminonicotyrines were orientated by dehydrogenating the corresponding aminonicotines. By ‘the 





604 Clemo and Swan: A Contribution to the Study of 


condensation of 2- and 6-aminonicotyrines with acetylsulphanilyl chloride, followed by hydrolysis, 2- an 
6-(p-aminobenzenesulphonamido)-nicotyrines have been prepared and tested for antimalarial activity. 

In the dehydrogenation of nicotine by palladised asbestos Frank, Holley, and Wikholm (J. Amer. Chem. Soc! 
1942, 64, 2835) obtained, in addition to nicotyrine (about 35%), low- and high-boiling fractions which th 
proposed to investigate further. We have obtained a similar result in the dehydrogenation of 6-aminonicotine. 
In the case of 2-aminonicotine, however, the main product of the dehydrogenation consisted of a low-boiling 
fraction, from which a base C,H,,N,, m. p. 45—46°, has been isolated. A relatively small amount of the amino. 
nicotyrine was obtained; and the high-boiling fraction was much smaller than in the case of the 6-amino. 
compound. During both these reactions, methylamine was evolved. 

The base C,H,,N, contains one secondary and one tertiary nitrogen atom in the molecule. Thus it gives; 
nitroso-derivative, and a m-nitrobenzenesulphonyl] derivative which is insoluble in sodium hydroxide solution, 
(The corresponding derivative of 2-aminopyridine was prepared and found to be soluble.) It gives well. 
defined acetyl and. benzoyl derivatives, a picrate and picrolonate and a mono-methiodide. On oxidation with 
alkaline permanganate, it gives 2-aminonicotinic acid. Attempts to hydrogenate the base with hydrogen at 
atmospheric temperature and pressure in the presence of Adams’ catalyst failed; it was however attacked by 
sodium and boiling amyl alcohol. Attempts to dehydrogenate it further by selenium at 280—290° or at 320— 
330° were not promising. The base was recovered unchanged after fusion with potassium hydroxide for 3 
hours at 280°. By oxidation of the methiodide with alkaline ferricyanide, a liquid base was obtained (picrate, 
m. p. 152°); the further oxidation by chromic acid of this did not result in the isolation of a definite product. 

These results suggest that, during the dehydrogenation, the NMe group of the pyrrolidine nucleus has 
been eliminated as methylamine (noted above) and the resulting 4-carbon atom side chain has ring-closed on the 
amino-group to give either 2-ethyl-2 : 3-dihydro-7-azaindole (II) or 2-methyl-1: 2: 3: 4-tetrahydro-1: § 
a pr guar (IIT). 

ittle work on 7-azaindole (IV) and its derivatives is recorded in the literature. Kruber (Ber., 1943, 76, 
' 180) isolated from the lepidine fraction of coal-tar, by reaction with potassium hydroxide, a base which he 
believed to be 7-azaindole itself, although he did not confirm the structure by synthesis. Koenigs and Fulde 
(Ber., 1927, 60, 2106) prepared 2-methyl-6-azaindole by the action of sodium ethoxide on 3-acetamido-4-picoline; 
and we have adapted the method for the preparation of 7-azaindole and its derivatives. Preliminary experi- 
ments were directed to the preparation of the 2-methyl compound, as the intermediate 2-acetamido-3-picoline 
was already known (Seide, Ber., 1924, 57, 1802). Ring closure with sodium ethoxide led to the expected 
2-methyl-7-azaindole. The preparation of 2-formamido-3-picoline gave rise to difficulty, as the action of anhydrous 
formic acid on 2-amino-3-picoline led only to the formation of the formate; the formyl derivative was finally 
obtained in good yield by the method of Gol’dfarb and Smorgonskii (J. Gen. Chem. Russia, 1942, 12, 255). 
Ring closure with sodium or potassium ethoxide gave 7-azaindole in very low yield. Tyson (J. Amer. Chem. Soc., 
1941, 63, 2024) has shown that in the ring closure of formo-o-toluidide, potassium ethoxide gives a much higher 
yield of indole than does sodium ethoxide. However, in the preparation of 7-azaindole, a similar result was not 
observed. The melting-points of the base, picrate, and acetyl derivative agreed with those of the material 
isolated by Kruber. By the action of propionic anhydride on 2-amino-3-picoline, followed by ring closure with 
sodium ethoxide, 2-ethyl-7-azaindole was obtained. 

These 7-azaindoles did not give the Ehrlich or the pine-shaving reaction. Koenigs and Fulde reported a 
failure to obtain the latter reaction from 2-methyl-6-azaindole. 

Kruber (loc. .cit.) has described the hydrogenation of 7-azaindole with a nickel catalyst at 200° and 118 
atm. as giving 2 : 3-dihydro-7-azaindole. Our preliminary experiments under these conditions on 2-methyl-T- 
azaindole were not very promising for, whilst a little of the desired product was obtained, the main products 
were a gum of very high boiling-point and a mobile liquid, the boiling-point of the latter being lower than that 
of the desired dihydro-azaindole. The use of copper chromite catalyst with hydrogen at 180° and 160 atm., 
however, gave the desired product in much higher yield. The hydrogenation of 7-azaindole itself was not 
investigated, as it was obtained in such low yield. The hydrogenation of 2-ethyl-7-azaindole under the same 
conditions gave 2-ethyl-2 : 3-dihydro-7-azaindole, m. p. 62—63° which was different from the base isolated by 
the dehydrogenation of 2-aminonicotine. : 

It is therefore suggested that the base C,H,,N, obtained by dehydrogenating 2-aminonicotine is probably 
2-methyl-1 : 2: 3: 4-tetrahydro-1 : 8-naphthyridine. Experiments are now in progress to confirm this con- 
clusion by synthesis. Objection to this formulation might be raised on the grounds that such a compound 
should dehydrogenate further to give 2-methyl-1 : 8-naphthyridine. But the work of Koller and Kandler 
(Sitzungsber. Akad. Wien, 1931, 140, IIb, 213) has shown that the dehydrogenation, in the presence of palladium 
at 220°, of decahydro-1 : 8-naphthyridine leads to the formation of tetrahydro-1 : 8-naphthyridine; and that 
further dehydrogenation does not occur under these conditions. The failure of the base C,H,,N, to hydrogenate 
with Adams’ catalyst is in accord with the work of Ochiai and Miyaki (Ber., 1941, 74, 1115) who showed that 
2 : 4-dimethyltetrahydro-1 : 8-naphthyridine was not hydrogenated by platinum and hydrogen at 110 atm. 
and room temperature, although it was attacked by sodium and boiling alcohol. 


EXPERIMENTAL. 
All the picrates and picrolonates described in this paper were prepared in alcoholic solution. — f 
The benzoyl derivatives were prepared by heating the base and benzoic anhydride in equi-molecular amounts ‘or 
3—5 hours on the water-bath, followed by stirring with dilute ammonia or sodium hydroxide solution. 





[1945] Nicotine and the Synthesis of 7-Azaindole and Derivatives. 605 


2- and 6-Aminonicotyrines.—Finely powdered sodamide (12-5 g.), nicotyrine (25 g., Frank, Holley, and Wikholm, 
loc. cit.) and dry xylene (60 c.c.) were heated together in an oil-bath at 140—145° for 5 hours, the mixture cooled, ice and 
sodium hydroxide solution (40%) added, the xylene layer separated, and the aqueous layer extracted several times with 

The combined xylene—benzene extracts were dried (potassium carbonate), the solvents removed in a vacuum, 
i i : (i) 3 g., b. p. 108—123°; this was dissolved in hot benzene—ligroin; on 
: (ii) 4-9 g., b. p. 123—129°; when treated as in (i) this gave crystals 


110° and 123—150° were obtained. 

The base, A, is 2-aminonicotyrine and crystallises from benzene-ligroin in colourless prisms, m. p. 77—78° (Found: 
C, 69:5; H, 6-2. Cy H,,N; requires C, 69-4; H, 64%). The picrate crystallised from acetone—alcohol in pale yellow 
needles, m. p. 189—-190°. The dipicrolonate crystallised from alcohol in yellow needles, -m. p. 173° (Found: C, 51°6; 
H, 4-2. C19H,,N3,2C,,H,O;N, requires C. 51-4; H, 39%). 

The diacetyl derivative was prepared by refluxing the base (0-5 g.) with acetic anhydride (1-5 c.c.) for 14 hours, pouring 
into water, adding dilute sodium hydroxide solution and collecting the resulting solid; it was recrystallised first from 
alcohol-water, then from benzene—ligroin, giving colourless prisms, m. p. 91—92° (Found: C, 65-1; H, 6-0. C,,H,,O,N; 
requires C, 65-4; H, 5°85%). The benzoyl derivative, which separated as an oil, was stirred with a few drops of ether 
until it solidified; it was recrystallised first from alcohol—water, then from benzene-ligroin, giving colourless prisms, m. p. 
141—142° (Found: C, 73-3; H, 5-5. C,,H,,ON, requires C, 73-6; H, 5-4%). The monopicrate of this benzoyl deriv- 
ative crystallised from acetone-alcohol in orange-yellow prisms, m. p. 202°, softening at 190° (Found: C, 54-4; H, 3-4. 
Ci7H,5QNg,CgH,O,N, requires C, 54:5; H, 3-55%). 

The base, B, is 6-aminonicotyrine and crystallises from benzene-ligroin in colourless prisms, m. p. 97—98° (Found : 
C, 693; H, 6-8. CyH,,N, requires C, 69-4; H, 6.4%). The monopicrate crystallised from acetone in orange-yellow 
crystals, m. p. 257° (decomp.) (Found: C, 47:9; H, 4-0. Ci9H,,N3,C,H,;O,N, requires C, 47-8; H, 35%). The mono- 
acetyl derivative, prepared by warming the base (0-5 g.) with acetic anhydride (1 c.c.) for 10 minutes on the water-bath, 
pouring into water, and collecting the resulting solid, crystallised from alcohol—water in colourless leaflets, m. p. 174° 
(Found: C, 66-7; H, 6-15. C,,H,,ON; requires C, 67-0; H, 6-05%). The monopicrate of this acetyl derivative crystal- 
lised from acetone—alcohol in orange-red needles, m. p. 189—190° (Found: C, 48-8; H, 4-2. C,,H,,ON;,CsH,O,N, 
requires C, 48-7; H, 3-6%). The benzoyl derivative was isolated by extracting with ether, drying the extract (potassium 
carbonate), removing the ether, dissolving the residual gum in hot benzene—ligroin, and allowing the solution to cool 
until crystallisation occurred; it was recrystallised first from benzene-ligroin, then from alcohol—water, giving colourless 
prisms, m. p. 122—123° (Found: C, 73-3; H, 5-4. C,;H,,ON, requires C, 73-6; H, 54%). 

Dehydrogenation of 2-A minonicotine.—The base (10 g.) and palladised asbestos catalyst-d (0-5 g.) (Linstead and Thomas, 
J., 1940, 1130) were heated together in a metal-bath at 220°, the temperature was raised to 280° during 10 minutes, and 
maintained thereat for a further 25 minutes. During the reaction, methylamine was evolved, and identified as its picrate. 
On cooling, the product was extracted with chloroform, the extract filtered, the chloroform removed, and the residue 


fractionated under 2 mm, to give: (i) 4-25 g. having b. p. 95—-113°, (ii) 0-6 g. having b. p. 113—122°, (iii) 1-4 g. having 
b, p. 122—-140°, (iv) a small amount having b. p. 140—175°. On cooling, fractions (ii) and (iii) deposited crystals of 
?aminonicotine, which were filtered off, and the remaining oils combined and redistilled under 2mm. The fraction of 
b. p. 130—136° (0-5 g.), on seeding with aminonicotyrine, A, deposited crystals, which were separated, washed with 
ligroin, and recrystallised four times from benzene-ligroin giving 2-aminonicotyrine in colourless prisms, m. p. 77° (un- 


afiected on admixture with A). The picrate and dipicrolonate were identical with those obtained from A, and no 
depression of m. p. was observed on admixture, in either case. 

Fraction (i) was redistilled under 2 mm., the fraction of b. p. 98—102° being collected. The benzoyl derivative 
(125 g.), prepared from the base (0-8 g.) and benzoic anhydride (1-44 g.), separated from alcohol—water in colourless 
prisms, m. p. 145° (Found: C, 76-3; H, 6-45. C,,H,,ON, requires C, 76-2; H, 635%). This benzoyl derivative (1-2 g.) 
was refluxed for 6 hours with concentrated hydrochloric acid (7 c.c.), the solution distilled in steam to remove the bulk of 
the hydrochloric and benzoic acids, the residue basified (40% sodium hydroxide solution) and extracted with ether. 
After the ether. was removed from the dried (potassium carbonate) extract, the base (0-65 g.) remained as an oil which 
rapidly solidified, m. p. 45°. On recrystallisation from ligroin (b: p. 40—60°) it gave colourless prisms, m. p. 45—46° 
(Found : C, 72-7; H, 7-7; N, 18-5; M, 159. C,H,,N, requires C, 72-95; H, 8-1; N, 18-95%; M, 148) which were 
optically inactive in alcoholic solution. The monopicrate separated from acetoné in bright yellow needles, m. p. 189° 
(Found: C, 47-85; H, 4-2. C,H,,N,,C,H,O,N; requires C, 47-75; H, 40%). The picrolonate separated from acetone- 
alcohol in yellow needles, m. p. 198°. The base (0-6 g.) was refluxed for 84 hours with methyl iodide (1 c.c.) and dry 
acetone (10 c.c.), part of the acetone distilled off and the solution cooled. The resulting solid (0-85 g., m. p. 164—165°) 
on recrystallisation from methanol-acetone gave the monomethiodide in colourless prisms, m. p. 167° (Found: C, 41-5; 
H, 5-2. C,9H,,N,I requires C, 41-4; H, 52%). The m-nitrobenzenesulphonyl derivative, prepared by shaking the base 
with m-nitrobenzenesulphonyl chloride and dilute sodium hydroxide solution, separated from alcohol in colourless 
prisms, m. p. 169—170°, and was insoluble in dilute sodium hydroxide solution (Found : C, 54-0; H, 4-95. C,,;H,,0,N,S 
requires C, 54-05; H, 45%). The mitroso-derivative was obtained by adding a solution of sodium nitrite to a solution of 
the base in dilute sulphuric acid, extracting the resulting oil with ether, drying (potassium carbonate), removing the ether 
and recrystallising the product from ligroin (b, p. 60—80°). It crystallised in almost colourless prisms, m. p. 62° (Found : 
C, 61-6; H, 6-3. C,H,,ON, requires C, 61-0; H, 62%). This gave the Liebermann nitroso-reaction. The acetyl 
derivative, obtained by heating the base with acetic anhydride on the water-bath, adding dilute sodium hydroxide solu- 
tion and extracting with ether, separated from ligroin (b. p. 60—80°) in colourless prisms, m. p. 70° (Found: C, 69-4; 
H, 7-45. C,,H,ON, requires C, 69-45; H, 7-4%). The benzoyl and m-nitrobenzenesulphonyl derivatives were 
tecovered unchanged after refluxing for 4 hours with potassium permanganate in acetone solution. 

2-(m-Nitrobenzenesulphonamido)-pyridine, prepared by the action of m-nitrobenzenesulphonyl chloride on 2-amino- 
Pynidine in acetone—pyridine solution, separated from alcohol as colourless needles, m. p. 223—-225°; it is soluble in 
dilute sodium hydroxide solution (Found: C, 47-1; H, 3-45. C,,H,O,N,S requires C, 47-3; H, 3-25%). 

Attempted hydrogenation of the base C,JH,,N,. (a) No absorption of hydrogen was observed when a solution of the 
base in acetic acid—alcohol was shaken with previously reduced Adams’ catalyst and hydrogen at 1 atmosphere and 11°. 
)Toa solution of the base (0-8 g.) in boiling amyl alcohol (60 c.c.), sodium (2-4 g.) was added during 1} hours. The 
product was distilled in steam, the acidified (hydrochloric acid) distillate evaporated in a vacuum on the water-bath, the 
Tesidue dissolved in a small volume of water, the solution saturated with potassium carbonate, extracted with ether, the 
extract dried (potassium carbonate) and the solvent removed. The resulting oil (0-2 g.) gave a picrate, separating 
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_ Patel in yellow crystals, m. p. 223—224° (Found: C, 41-8; H, 3-4. C,H,,N,,C,H,O,N, requires C, 41:2. 
? 3: o}* 

Attempted oxidation of the methiodide of the base, C,H,,N,. A solution of potassium ferricyanide (1-5 g.) in wate 
(7 c.c.) was added to one of potassium hydroxide (0-65 g.) in water (1 c.c.) and the mixture cooled inice. This was addej 
gradually, with shaking, to « solution of the methiodide (0-97 g.) in water (7-5 c.c.) also cooled in ice. The mixture was 
allowed to stand for 1 hour in ice and then for 1 hour at room temperature; it was saturated with potassium carbonate, 
extracted with benzene, the extract dried (potassium carbonate) and the benzene removed; the residue, distilled at 
2 mm., gave an oil (0-25 g.) which did not crystallise. This gave a picrate, separating from alcohol in yellow needles, 
- 152° onan : C, 48-85, 48-95; H, 4:25, 4-45%). No definite product was isolated after oxidising this base with 
chromic acid. 

Oxidation of the Base, C,H,,N,.—The base (0-5 g.) was heated with a solution of potassium permanganate (5 ¢g.) in 
water (250 c.c.) for 1? hours on the water-bath. The hot solution was filtered, the filtrate evaporated to small bulk ina 
vacuum, and the resulting solution acidified with glacial acetic acid (1 c.c.); on cooling, 2-aminonicotinic acid (70 mg) 
having m. p. 298° (decomp.) separated; it was identified by decomposition at 300° to 2-aminopyridine and by conversion 
to its methyl ester (m. p. 85°). 

Dehydrogenation of 6-aminonicotine. The base (4 g.) and palladised asbestos catalyst-d (0-2 g.) were heated together 
in a metal bath at 220°, the temperature raised to 280° during 10 minutes, and maintained thereat for a further 10 minutes, 
Methylamine was evolved during this reaction. The product was fractionated at 2 mm. to give: (i) 0-4 g., having b. p, 
105° approx. and yielding a picrate, which separated from acetone—methanol in yellow needles, m. p. 213° (Found: (, 
47-65; H, 4:35%); (ii) 0-7 z., b. p. 140—180°; and a large high-boiling residue was left. On seeding fraction (ii) with 
aminonicotyrine, B, crystals separated. The resulting pasty solid was heated with acetic anhydride (1 c.c.) for 10 minutes 
in the water-bath, the product poured into water, stirred and the resulting solid collected; it was recrystallised from 
alcohol-water, giving needles, m. p. 173—174°. On crystallising again from alcohol—water and seeding with the acety] 
derivative of B, colourless leaflets, m. p. 173—175°, were obtained (mixed with acetyl derivative of B, m. p. 174—176°), 
The picrate of the free base and that of the acetyl derivative were identical with those obtained from B, and no depression 
of m. p. was observed on admixture, in either case. 

2-(p-A minobenzenesulphonamido)-nicotyrine.—2-Aminonicotyrine (1-75 g.), acetylsulphanilyl chloride (2-3 g.) and dry 
pyridine (10 c.c.) were heated together for 20 minutes on the water-bath and the mixture poured into water. The 
resulting gum was washed with water, refluxed with 2n sodium hydroxide (20 c.c.) for 1 hour, cooled and the solution 

‘ acidified with dilute acetic acid; the crude product (1-05 g., m. p. 172—175°) which separated crystallised from alcohol- 
oe. roca) in pale yellow prisms, m. p. 190—191° (Found: C, 58-15; H, 4:8. C,H ,0,N,S requires C, 58:5; 
, oO/* 
6-(p-A minobenzenesulphonamido)-nicotyrine.—6-Aminonicotyrine (1-75 g.), acetylsulphanilyl chloride (2-3 g.) and 
dry pyridine (10 c.c.) were heated together for 1 hour on the water-bath, the mixture cooled and water (100 c.c.) added. 
.The crude 6-(p-acetamidobenzenesulphonamido)-nicotyrine (2-2 g., m. p. 220—221°) which separated crystallised from 
methanol in _ yellow prisms, m. p. 227° (Found: C, 58-2; H, 5-1. C,,H,,0,N,S requires C, 58-4; H, 45%). The 
crude solid (2-2 g.) was refluxed with 2n sodium hydroxide (22 c.c.) for 1 hour, cooled, the solution acidified with dilute 
acetic acid and the solid (1-75 g., m. p. 201—204°) collected. On recrystallisation from alcohol-water (charcoal) this 
gave 6-(p-aminobenzenesulphonamido)-nicotyrine (1-6 g.) as pale yellow needles, m. p. 208° (depressed on admixture with 
the above acetyl derivative) (Found: C, 58-75; H, 5-2. C,,H,,0,N,S requires C, 58-5; H, 4-9%). 

2-Methyl-7-azaindole.—2-Acetamido-3-picoline (7-5 g.) (Seide, loc. cit.) was added to a cooled solution of sodium 
(2-5 g.) in absolute alcohol (40 c.c.) contained in a flask fitted with a delivery tube for dry hydrogen and a fractionating 
column. Excess alcohol was rapidly distilled off by heating the flask in a metal-bath the temperature of which was 
subsequently raised to 350° for 20 minutes. After cooling, the residue in the flask was extracted with hot water and the 
cooled aqueous liquid extracted several times with ether. The extract was dried (potassium carbonate), the ether 
removed and the residue distilled at ca. 2 mm. to give: (i) 0-85 g., b. p. below 100°, (ii) 2-1 g., b. p. above 100°. The 
latter crystallised on cooling; it was stirred with an equal volume of warm benzene and, after cooling, the solid (1-3 g., 
m. p. 128—136°) was separated and recrystallised from benzene-ligroin, giving the base (1-1 g.) as colourless prisms, m. p. 
136° (Found : C, 73-05; H, 6-1; N, 20-9. C,H,N, requires C, 72-75; H, 6-05; N,21-2%). The picrate separated from 
acetone in pale yellow needles, m. p. 229°. The benzoyl derivative crystallised from benzene-ligroin in colourless needles, 
m. p. 94—95° (Found: C, 76°65; H, 5-4. C,,H,,ON, requires C, 76-3; H, 5-1%). 
2-A cetamido-3-picoline picrate separated from alcohol in bright yellow prisms, m. p. 157—159° (Found: C, 44:65; 
H, 3:35. C,H,ON,,C,H,O,N, requires C, 44-35; H, 3-45%). 

2-Methyl-2 : 3-dihydro-7-azaindole.—2-Methyl-7-azaindole (2-23 g.), in absolute alcohol (100 c.c.), was hydrogenated 
while being stirred in an autoclave in the presence of copper chromite catalyst (1 g.) (Org. Synth., 19, 33). The initial 
hydrogen pressure was 106 atm. and the temperature was raised from 15° to 180° (160 atm.) during 4 hours, and maintained 
there for a further 4 hours. After cooling, the catalyst was filtered off through charcoal, the alcohol was distilled off from 
the filtrate (water bath) and the resulting oil distilled at ca. 2 mm.; 2 fractions, (i) 1-4 g., b. p. 90—105°, and (ii) 0-8 g., 
b. p. above 105°, were obtained. On cooling, both fractions crystallised, (ii) giving unchanged 2-methyl-7-azaindole. The 
solid from (i) was washed with and recrystallised from ligroin (b. p. 40—60°) giving a white solid (0-95 g., m. p. 50—54°). 
By crystallising this again twice, 2 : 3-dihydro-2-methyl-T-azaindole was obtained in colourless prisms, m. p. 57—59° 
(Found: C, 71-5; H, 7-45. C,H, N, requires C, 71-65; H, 7-45%). The picyvate separated from acetone in bright 
yellow needles, m. p. 188—189° (Found: C, 46-4; H, 3-6. C,gH,)N,,C,H,O,N, requires C, 46-3; H,3-6%). The benzoyl 
derivative crystallised from ligroin (b. p. 60—80°) in colourless prisms, m. p. 97° (Found: C, 75-6; H, 5-9. C,s5H,,ON; 
requires C; 75-65; H, 5-9%). The nitroso-derivative was obtained by adding an aqueous solution of sodium nitrite ((-2 g.) 
to a solution of the base (70 mg.) in dilute sulphuric acid, basifying with ammonia and crystallising the separated solid 
(60 mg.) from benzene-ligroin; the product crystallised in cream-coloured leaflets, m. p. 128° (Found: C, 59-6; H, 5:7. 
C,H,ON, requires C, 58-9; H, 5°5%). This gave the Liebermann nitroso-reaction. : 

From an attempt to carry out the above hydrogenation under similar conditions but using Raney nickel instead of 

copper chromite catalyst, followed by benzoylation, the above benzoyl derivative was isolated in low yield. 
-Formamido-3-picoline.—-Anhydrous formic acid (3-4 c.c.) and acetic anhydride (8-2 c.c.) were heated together for 
2 hours at 50°. The cooled liquid was added gradually, with shaking, to a cold solution of 2-amino-3-picoline (8-6 ¢-) 
in dry ether (40 c.c.). After standing for 2 days at room temperature, the ether was removed and the residue distilled 
at 15 mm., giving 10-6 g. of distillate (b. p. ca. 165°) which rapidly crystallised. When recrystallised from benzene, 
this afforded 2-formamido-3-picoline (8-9 g.) in colourless needles, m. p. 138—139° (Found : C, 62-35; H, 5-6. C,H,ON, 
requires C, 61-8; H, 56%). The picrate separated from acetone-alcohol in bright yellow prisms, m. p. 167—168 
(Found: C, 42-95; H, 3-35. C,H,ON,,C,H,O,N, requires C, 42-75; H, 3-0%). ES 
When 2-amino-3-picoline (2 g.) was refluxed with anhydrous formic acid (5 c.c.) and the product distilled, the distillate 
(2-9 g., b. p. 110°/20 mm. approx.) solidified, and crystallised from benzene in colourless needles, m. p. 110°, apparently 
of 2-amino-3-picoline formate (Found: C, 53°85; H, 6-4. C,H,,O,N, requires C, 54:55; H, 65%). When treated m 
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—— with picric acid, this gave 2-amino-3-picoline picrate (yellow prisms from acetone, m. p. 230°) identified 
by mixed Mm. p. . 
¥ 7-Azaindole.—2-Formamido-3-picoline was subjected to the same ring-closure process as in the preparation of 
.methyl-7-azaindole. The solid product crystallised from benzene-—ligroin in colourless prisms of 7-azaindole, m. p. 
06—107° (Kruber, Joc. cit., gave m. p. 107°), the ‘yield being ca. 3% (Found: C, 71-6; H, 5-3. Calc. for C,H,N,: 
_71:2; H, 51%). The picrate separated from acetone in bright yellow prisms, m. p. 232—-233° (Kruber: m. p, 233°). 
he acetyl derivative separated from ligroin (b. p. 40—60°) in colourless crystals, m. p. 64° (Kruber: m. p. 67°). The use 
bf potassium ethoxide instead of sodium ethoxide did not appreciably affect the yield of the azaindole. 
2-Ethyl-1-azaindole.—2-Amino-3-picoline (13-5 g.) was refluxed for 20 minutes with propionic anhydride (27 c.c.) and 
he product distilled as a colourless gum of 2-propamido-3-picoline (19-5 g., b. p. 158—160°/12 mm.), which gave a picrate 
rystallising from alcohol in bright yellow prisms, m. p. 157° (Found: C, 46-15; H, 3-9. C,H,,ON,,C,H,O,N, requires 
, 45°38; H, 38%). The gum (10-5 g.) was subjected to ring closure, as in the preparation of 2-methyl-7-azaindole, and 
he product distilled at ca. 2 mm. to give (i) 0-9 g., b. p. 80—100° and (ii) 2-5 g., b. p. 125—150°. On standing for several 
Hays at room temperature, the latter crystallised, and the resulting solid was filtered off, washed with light petroleum 
pnd pressed on porous porcelain, giving 1-1 g., m. p. 79—83°. By crystallising several times from ligroin (b. p. 60—80°) 
)-cthyl-7-azaindole was obtained in colourless prisms, m. p. 88° (Found: C, 73-9; H, 6-85. C,H, )N, requires C, 73-95; 
685%). The picrate separated from acetone in bright yellow needles, m. p. 232—233°. 
2-Ethyl-2 : 3-dthydro-7-azaindole.—The above base was hydrogenated in the way described for the corresponding 
b-methyl compound, and the product was crystallised several times from ligroin (b. p. 40—60°) giving colourless needles, 
nm. p. 62—63° (Found: C, 73-4; H, 81. C,H,,N, requires C, 73-0; H, 81%). The picrate separated from acetone 
solution in pale yellow needles, m. p. 162° (softening at 151°) (Found: C, 47-65; H, 4:0. C,H,.N,,C,H,O,N, requires 
, 47:75; H, 4.0%). The benzoyl derivative separated from benzene-ligroin in colourless needles, m. p. 77—78°. 
Attempted Preparation of 3-Chiovo-2-methyl-1 : 8-naphthyridine.—A solution of 2-methyl-7-azaindole (2 g.) in a mixture 
of alcohol (20 c.c.), water (4 c.c.) and chloroform (7-5 c.c.) was refluxed on the water-bath, while a solution of potassium 
hydroxide (5 g.) in water (5 c.c.) and alcohol (40 c.c.) was added during 1 hour and the mixture refluxed for a further 
hours. The bulk of the alcohol was distilled off from the water-bath, and the residue extracted with ether, the extract 
dried (potassium carbonate), the ether removed and the residue distilled at 2mm. The greater part of the azaindole was 
recovered unchanged; but from the higher-boiling fraction of the distillate a small amount of a different substance was 
obtained; this separated from benzene solution in yellow crystals, m. p. 206° (Found: C, 67-65; H, 5-05. C,H,ON, 
equires C, 67°5; H, 50%). This is probably 2-methyl-3-aldo-7-azaindole. 
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164. The Crystal Structure of Coronene: A Quantitative X-Ray Investigation. 


By J. MonteatH ROBERTSON and J. G. WHITE. 


A detailed X-ray investigation has led to a complete determination of the coronene structure. The mono- 
clinic crystals, space group P2,/a, have two planar, centro-symmetrical molecules of C,,H,, per unit cell, and 
the molecular planes are inclined at about 44° to the (010) plane. The distance between the molecular planes 
is 3-40 a. The carbon-carbon bond length varies in different parts of the molecule. For the central ring 
and the ‘‘ spokes ”’ connecting it to the outer edges this distance is 1-43 a. The outer bonds are of two types, 
measuring 1-38, A. and 1-41, a., severally. The accuracy of these determinations is estimated to lie between 
+0-01 and +0-02 a., and they represent the first definite measurements of variable carbon-carbon bond 
length for any condensed ring aromatic hydrocarbon. Reference is made to molecular orbital calculations 
on this problem, and it is also discussed in terms of the 20 stable valency bond structures for coronene. This 
treatment provides a rough qualitative account of the bond length variations which have been observed. 


A PRELIMINARY study of the crystal structure of coronene (Robertson and White, Nature, 1944, 154, 605) 
has shown it to be of a relatively simple type. The two centro-symmetrical molecules are so disposed in 
the crystal as to afford clear-cut projections of high resolution, from whichrit is possible to obtain measure- 
ments of bond length and other structural details with considerable accuracy. At the same time the extremely 
high symmetry of the coronene molecule lends itself to a rather refined theoretical investigation of bond 
lengths and other properties by the method of molecular orbitals. In this connection, Coulson (ibid., p. 797) 
has recently given a preliminary account of such calculations and has made comparisons with benzene and 
graphite. We have now completed a very detailed X-ray investigation of the coronene structure, chiefly 
with the object of testing experimentally the molecular orbital calculations which can be made for an aromatic 
structure of this type. 

Earlier X-ray studies of anthracene (Robertson, Proc. Roy. Soc., 1933, A, 140, 79) and naphthalene (idem, 
ibid, 1933, A, 142, 674) have shown that to a good approximation these molecules consist of regular planar 
hexagons of carbon atoms, the average bond length being 1-41 a. in both cases. This mean value lies between 
the accepted values for benzene (1-39 a.) and graphite (1-42 a.) and is in good agreement with theoretical 
Predictions (see Penney, ibid., 1937, A, 158, 306; Pauling, ‘‘ The Nature of the Chemical Bond,” Cornell, 
190). For the individual bonds, small variations from this mean value, of the order 0-01—0-03 a., would 
be difficult to detect experimentally in naphthalene and anthracene owing to various uncertainties, and 
Particularly to lack of resolution in the two-dimensional Fourier methods of analysis employed. Nevertheless, 
the X-ray work on naphthalene gave some indication that the central carbon-carbon bond length might be 
‘lightly greater than the others, and this conclusion agreed with Penney’s later, more detailed calculations of 
bond orders and bond lengths (loc. cit.). The finer details of his model, however, and especially the con- 
traction of the 1 : 2-bond, still await any direct experimental confirmation. 
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The first definite measurements.of variable carbon-carbon bond lengths in any condensed-ring aromatic 
hydrocarbon have now been obtained for coronene. The bonds are found to vary in leagth in different party 
of the molecule over a range of 0-04 a., from about 1-43 a. in the central parts to about 1-39 a. on the outer 
edges. These variations are of fairly small order and are difficult to assess for each bond separately, th 
experimental uncertainty probably lying between +0-01 and +0-02 a. They are, however, sufficient t 
cause an appreciable displacement from hexagonal symmetry which is visible on the contoured maps of 
the structure (compare Fig. 7). The variations in bond length agree rather closely with the theoretica| 
calculations and conform to a fairly definite pattern, which is discussed more fully below. 

Description of the Structure.—Crystal data. Coronene, C,,H,,; M, 300-3; m. p. 434—436°; d, calc. 1-38], 
found 1-377; monoclinic prismatic, a = 16-10+0-05, b = 4-695+0-005, c = 10-15+0-05 a., 8 = 110-8°+ 0-2", 
Absent spectra, (401) when h is odd; (00) when k is odd. Space group, C%,(P2,/a). Two molecules per unit 
cell. Molecular symmetry, centre. Volume of the unit cell, 717-1 a.°. Absorption coefficient for X-rays, 
A = 1-54, » = 7-30 percm. Total number of electrons per unit cell = F(000) = 312. 


Fic. 1. 
Prominent (hOl) reflections for coronene. 
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The crystal habit is a familiar one, the long needle-like or lath-shaped crystals growing in the direction 
of the b axis. The crystals are usually very thin with only the (001) face prominently developed, but with care 
and slow crystallisation from tetrahydronaphthalene, good thick specimens can sometimes be obtained, dis- 
playing the (100), (101), and (201) faces in addition to the (001). No end faces could be definitely identified. 

Analysis of the structure. The most prominent feature of the crystal structure is the relatively short b 
axis of 4-695 a. Now this periodicity, and also the crystal habit, are closely similar to those of phthalocyanine 
and many of its metal derivatives (Robertson, J., 1935, 615; Linstead and Robertson, J., 1936, 1736). 
Although coronene and phthalocyanine are compounds of widely different type, they are both large, planar 
molecules, and the data suggest that the arrangement in the crystal, especially the inclination of the molecular 
plane to the (010) crystal plane, may be similar in the two cases. 

For coronene no direct analysis comparable to that carried out with the phthalocyanines is possible. It 
is necessary to proceed by trial and error methods in the first instance, but the problem is greatly simplified 
by the considerations outlined above. It is reasonable to assume that, as in the phthalocyanine structures, 
the molecular plane is inclined at about 45° to the (010) crystal plane. To specify the orientation of the 
molecule completely, two degrees of freedom remain to be settled. To determine these, a survey of the (/0/) 
zone waS made by moving-film methods, and it was found that the following small spacing planes gave out- 
standingly strong reflections: (16,00), (16,01), (14,08), (10,03), (602), (405), and (207). After several 
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rials, one position of the molecule was found which could account satisfactorily for the enhancement of these 
pflections. This was done graphically without any detailed calculations in the first instance, by making 
projections of the coronene structure on the (010) plane and adjusting the atomic positions to coincide as 
early as possible with the traces of the prominent reflecting planes mentioned above. The final result is 
nhown in Fig. 1, from which it is seen that the atoms can be made to group themselves very closely about 
he traces of these planes. 

From this point, the work of refining the atomic positions proceeded by a straightforward application of 
Houble Fourier series methods. The projection of the structure obtained after the first refinement has already 
yen reproduced (Robertson and White, Joc. cit.). The Fourier series used contained 78 terms, and every 
srbon atom in the molecule was clearly resolved. The co-ordinates obtained from that synthesis enabled 
he phase constants of more reflections to be determined, and finally it was possible to set up a series of 129 

s which included all the reflections from the (h0/) zone that could be observed with copper radiation, 


Fie. 2. 


Projection along the b axis, showing one coronene molecule. The plane of the molecule is inclined at about 44° to the 
projection plane, (010). Each contour line represents a density increment of approximately one electron per .*, the 
one-electrom line being dotted. 











with the exception of one very weak trace from the (2,0,11) plane, whose phase constant still remains doubtful. 
Most of the reflections were measured photometrically, and the results correlated with visual estimates for 
some of the weaker reflections. Details of absorption corrections, etc., are given below. The corrected F 
values employed in the final synthesis, with their phase constants (+ 1 or — 1), are collected in Table I. 

The results of this latest synthesis are given in Fig. 2, which shows the projection of one complete mole- 
tule (half the unit cell) on the (010) plane. Fig. 3 shows on a smaller scale how a group of six coronene 
molecules are arranged in the crystal, with a comparatively large gap of low density around each molecule. 
The reason for the prominent development of the (001) plane in the crystal is also clear from this figure, which 
shows that the molecular alinement in this direction involves very little interlocking. 

Orientation and arrangement of molecules in the crystal. The projections of the structure shown in Figs. 2 
and 3 allow two co-ordinates for each carbon atom to be determined with considerable accuracy, but of course 
they can give no direct information about the third co-ordinate (along the b axis). However, a detailed study 
of these maps (see Experimental) makes it clear that they represent a projection of the expected coronene 
structure, built from approximately regular planar hexagons of carbon atoms. The central hexagon is par- 
ticularly regular, each pair of opposite sides being parallel to, and one half the length of, the line through 
the centre joining the other two corners. On the assumption that this ring is actually a regular planar hexagon, 
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Values and signs of F(h0l). 
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A group of six coronene molecules in the b-axis projection. 
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and further, that the molecular axes L.and M (Fig. 2) are actually at right angles to each other (in the pro- 
jection they are inclined at 94-2°) the complete orientation and dimensions of the molecule can be deduced. 
It was also assumed that the whole molecule is planar, but no other regularity was required for the remaining 
hexagons. These various assumptions were subsequently tested in detail by the calculation of structure 
factors for other zones of reflections, involving the third co-ordinate, with satisfactory results. 

The orientation of the molecule in the crystal is given in Table II, where yz, ¥z, @Z; xy, dy, @y; and 
yy, ¥N, @y, are the angles which the molecular axes L, M (see Fig. 2) and their perpendicular N make with 
the a and b crystal axes, and their perpendicular, c’. The figures are probably accurate to within 0-5°. 

These results show that the angle between the plane of the molecule and the (010) plane, which is expressed 
by ¥y, the angle between the normal to the molecular plane and the b axis, is 43-7°. For metal-free phthalo- 
cyanine and also for nickel phthalocyanine this angle was 44-2° (Robertson, /oc. cit.). The perpendicular 
distance between the molecular planes in coronene, b cos yy, is 3-40 a., almost identical with the interplanar 
distance in graphite. In Fig. 2, R represents the line of maximum inclination of the molecular plane to the 
projection plane, (010), and the molecular axis S lies in the (010) plane. Consequently, when the structure is 







Fic. 4. 
End view of molecules. 
TABLE II. 


Orientation of the molecule in the crystal. 
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viewed along the c’ axis, we obtain an end view of the molecules, as depicted roughly in Fig. 4. Successive 
molecules in the direction of the a axis, although identical in the projection of Fig. 3, are inclined in opposite 
directions and may be derived by the operation of the glide plane of symmetry a. The planes of adjacent 
molecules in the a direction are nearly perpendicular. 
Co-ordinates and dimensions. The co-ordinates of the atoms can be measured directly from the contoured 
map in Fig. 2. These results, referred to the crystal axes, are collected in Table III. As the molecule has 
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85°6° cos py 

69° cos w, 
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96-8° cos wy 
133-7° cos xy 
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89-6° cos wy 
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Taste III. 


Co-ordinates with Respect to Monoclinic Crystal Axes: Centre of Symmetry as Origin. 
Qax 2nz 


Atom %, A. #, A. a ‘ ck 
(cf. Fig. 2). (a) (b) (a) ) (a) 
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2-958 2-954 65-9 2-527 . ° ° 30-9 
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o 


y, 
(a 


A 

D ss. 
Cx 
D x 
E ... 
oie 
G is: 
Hs. 
ae 
I ese 
K .. 
ene 


an exact centre of symmetry, only half the atoms, those of the asymmetric crystallographic unit, are listed. 
All the other atoms in the unit cell may be derived from these by the operations 


(%, y, 2), (— 4, —y, — 2), #+$—y+ 8), (—*#+$9+5 —5) 


It is clear, however, that the molecule approximates closely and probably exactly to a higher symmetry than 
that required by the centre of inversion. The outer bond distances are measurably shorter than the corre- 
sponding inner bonds of the central hexagon, and these outer bonds group themselves into two kinds. BC, 
EF, and HI show contractions of 3-2+0-4% compared with the inner bonds, while the remaining outer bonds 
show a smaller average contraction of about half that amount. In Table III the ifdividual estimates of the 
atomic positions, without averaging, are shown in the columns headed (b). The co-ordinates finally adopted 
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as the most probable are those which average the outer bonds into the two classes mentioned above, and 
these are given under the columns headed (a). 

To express the results in terms of actual bond distances within the molecule, allowance must be made 
for the orientations of the molecular axes L and M, given in Table II. The dimensions so obtained are shown 
graphically in Fig. 5, and the atomic co-ordinates with respect to the molecular axes L and M are given in 


Fic. 5. 
Dimensions of the coronene molecule. 


TABLE IV. 
Co-ordinates with respect to molecular axes. 
Fig. 5. Regular model, 1-39 a. 
: 3 ag Be M, A. 
SE Asc cacassonibieiecktoaiiaes 0 + 2-780 
DPMEE J sccodehexnssesevahesindieenecemeevisaat ‘ . 1-204 +3°475 
SEE 3h. dais siccherbeqesdndtinnbwassatiuacead . . 2-407 +2-780 
DD BMG occc0e s00090.000 100 csevee see cee cesesoces . +1: 2-407 +1390 
Be WD sho cetncncdnscs setdesteciceccesennes ccs , , 3°611 +0-°695 
IRAE ish doy Sch cte-otdhesnnnanletaipaniga 2st 0 +1-390 
IN i A ee . 1-204 + 0-695 
Table IV. For comparison, Table IV also gives the L and M co-ordinates which would result from a com- 
pletely regular model of hexagons with a uniform interatomic distance of 1-39 a. The deviations from such 
a model are seen to be considerable. 

Intermolecular distances. The shortest distances between carbon atoms of adjacent molecules occur between 
those at either end of the b axis. The perpendicular distance between their planes is only 3-40 a., but the 
individual atoms do not occur vertically over each other. Indeed, there is a pronounced tendency to avoid 
such overlap,.as can be seen from Fig. 6, which gives the normal projection of two parallel molecules separated 
by the translation b. The closest approaches are between atoms J’ and J,, and between G and D,, where 
the distance is 3-43 a.; between K and B,, and between J and L,, it is 3-44 a. The other pairs of atoms 
are separated by 3-5 a. or more. Between other molecules, the separation is greater. From atom E on the 
standard molecule to E’ on the molecule one translation along the c axis (Figs. 2 and 3) the distance is 3-87 a., 
and from E to C’ on the same pair of molecules the distance is 3:93 a. From atom / on the standard molecule 
to B on the reflected molecule at ($a, 4b) the distance is 3-77 a., and from J to I’ on this same pair, 3-97 A. 
All other distances between atoms on neighbouring molecules appear to be greater than 4 a. 

Discussion of Results.—The most striking result of this analysis is the comparatively large variation of bond 
length found within the coronene molecule. For the central hexagon and the “ spokes”’ the average value 
obtained (Fig. 5) is 1-43 a., with a variation of +0-01 a. The six outermost bonds, BC, EF, HI, etc., are 
definitely shorter, the average length being 1-38,+0-00, a., while the remaining twelve outer bonds, 48, 
CD, DE, FG, GH, etc., are intermediate in length, the average value being 1-41, a., with a somewhat larger 
variation of +0-02 a. 

The first question to be decided is whether these different groups of bond lengths are experimentally 
significant. The minor variations within the groups, which have been averaged, are almost certainly due to 
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errors. The larger variations, however, appear to be real, and they have a substantial effect on the sym- 
metry of the molecule in its outer parts, as can be seen from Fig. 7, which is an enlargement of the upper 

of the electron-density map, showing atoms C, D, G, H, and parts of others. In any projection of a 
structure built from regular planar hexagons, all of the same size, these four atoms would lie in a straight 
line. The deviation from such a straight line can be seen very clearly in the diagram. 


Fic. 6. 
Normal projection of two parallel molecules. 
£; F; 


A rigorous discussion of the accuracy obtainable by Fourier series methods is difficult, because it depends 
on many factors, such as the range and accuracy of the intensities, the size and perfection of the crystal speci- 
mens, and the various methods of computation and interpolation employed. One indirect method of approach 
is by comparing molecular dimensions obtained by X-ray analysis and Fourier series methods with inde- 
pendent measurements of the same dimensions by other methods. For example, in acetylene, spectroscopic 
measurements give 1-20 a. as the carbon-carbon triple-bond length, whereas X-ray measurements and Fourier 
series methods give 1-19 a. for this bond length in tolan (Robertson and Woodward, Proc. Roy. Soc., 1938, 
A, 164, 436). Agreement to within 0-01 or 0-02 a. has also been obtained between X-ray and electron- 
diffraction measurements in several cases. 

Fic. 7. 
Enlargement of upper part of the coronene molecule, showing distortion. 
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We have attempted a more direct approach in the present case by conducting a parallel investigation on 
a hypothetical structure with 10 carbon atoms placed asymmetrically to form a double ring, with bond 
distances comparable to those of the coronene projection. Structure factors were calculated from the co- 
ordinates and used to form a double Fourier synthesis, the range of terms employed being similar to those 
used for coronene. The results of this investigation will be reported more fully elsewhere, but it is note- 
worthy that the original atomic positions were reproduced as a result of this synthesis to within 0-014 a. on 
the average, and the maximum shift for any one atom was 0-020 a. In terms of bond lengths the average 
discrepancy was 0-013 a., and the maximum for any one bond was 0-024 a. When the bond lengths were 
averaged in groups of six, the differences between the given and the reproduced values were 0-006 a. and 
0-007 a. for the two groups. Errors in intensity measurements would increase these discrepancies, but if 


the errors were small and random they would not have much effect, and probably very little effect on group 
averages. 


The general conclusion is that in the coronene investigation the errors in the bond-length determinations, 
after averaging as in Fig. 5, are probably about +0-01 a. The positions of individual atoms may have 
maximum errors of between 0-02 and 0-03 a. 

TT 
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With regard to the theoretical significance of these results, Coulson (loc. cit.) has carried out some rathe 
detailed calculations for the coronene molecule by the method of molecular orbitals. He has computed tly 
energies of the mobile electrons in terms of the fundamental resonance integral 8, and from this has deduce 
the bond orders and bond lengths. For the central bonds he obtains a length of 1-418 a., and as a mea, 
length for all the bonds, 1-406 a. Our measured values are 1-43 and 1-41, a., respectively, and are thus in 
agreement with the theoretical values to within 0-012 a. 

A very simple treatment of the problem can be given in terms of the stable valency bond structures for 
coronene, with results in remarkable agreement with our measurements. For a fixed position of the carbon 
atoms the bonds can be arranged in 20 distinct ways. These may be divided into the groups of structure 
(I)—(V), each containing the number of individuals shown. The double-bond character for any particular 
set of links may now be computed by summing the number of double bonds occurring in them and dividing 
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by the total number of these links in all the structures. Taking the number of individual structures to be 
as indicated in (I)—(V), we find the double-bond character for the outer bonds a (cf. I) to be 70%, for the 
other outer bonds b, 30%, for the six ‘‘spokes ’’ 40%, and for the inner ring 30%. This gives a rough qualit- 
ative explanation of our measured results, the a bonds at 1-38, a. being rather shorter than in benzene, which 
has 50% double-bond character on the basis of the Kekulé structures. The other bond lengths in coronene, 
b at 1-415, and the inner bonds at 1-43 a., are all very close to the graphite bond length of 1-42 a., which 
corresponds to 33% double-bond character on the basis of its average valency bond structure. If the con- 
tributions of the first group of structures (I) to the normal state of the molecule are doubled relatively to 
the other contributions, we get a rather better explanation of the observed bond lengths. The a bonds then 
have 67% double-bond character, and all the others, 33%. On the basis of Pauling and Brockway’s empirical 
curve relating double-bond character and distance (J. Amer. Chem. Soc., 1937, 59, 1223), these figures correspond 
to bond lengths of 1-37 a. and 1-42 a., as compared with our measured values of 1-38, a. for the a bonds and 


1-42, a. for the mean of the b bonds and all the inner bonds. It may be noted that no combination of the 
structures (I)—(V) seems capable of differentiating the b bonds from the bonds of the inner ring. 

It may be that the above agreements are partly fortuitous. Indeed, it would be surprising if a treat- 
ment which neglects even the first excited structures were found to be generally applicable in predicting bond 
lengths for complicated molecules. However, the situation is still largely unexplored, because measure- 
ments of small variations in individual bond lengths have not yet been made for any other condensed-ring 
aromatic hydrocarbon. 


EXPERIMENTAL. 


Determination of Crystal Data.—Copper Ka radiation, A = 1-54, was employed in all the measurements. Rotation, 
oscillation, and moving-film photographs were used, the latter chiefly for intensity records. Of the (040) reflections, 
only the (020) could be observed, ont to confirm the halving, long-exposure oscillation photographs were taken, but 
neither the (010) nor the (030) reflection appeared. There was no exception to the (0/) halving with h odd, and the 
space group P2,/a was therefore assumed. 

Density measurements were made by flotation in concentrated solutions of calcium chloride at 25° and the highest 
value obtained was 1-377 in good agreement with the calculated value of 1-381 for two molecules per unit cell. 

Measurement of Intensities.—The (h0l) and (hkO0) zones were explored in detail by moving-film exposures of the 
equatorial layer lines for crystals rotated about the b and ¢ axes. The multiple-film technique (Robertson, J. Scéi. 
Instr., 1943, 20, 175) was used to correlate the very strong and very weak reflections, and the total range of intensities 
covered was about 10,000 to 1. Measurements of the integrated intensities were made on the Dawton Scan Photo- 
meter (Robertson and Dawton, ibid., 1941, 18, 126) for most of the reflections, a few of the weaker ones being estimated 
visually. The absolute scale of the F values was not determined directly, but obtained by correlation with the calculated 
F values. As these involve an average atomic scattering factor based mainly on absolute measurements obtained 
from anthracene (Robertson, Proc. Roy. Soc., 1935, A, 150, 110), the coronene scale may not be quite accurate owing 
to a possible difference in temperature factor. This uncertainty does not in any way affect the conclusions regarding 
atomic a fae but may have some effect on the vertical scale of the contour maps (electron-density increment pet 
contour line). 

Small crystal specimens were employed, and completely bathed in a uniform X-ray beam. The two specimens 
mainly used for the (A0/) zone were cut to just over 1 mm. in length (along b) and had cross sections of 0-16 mm. by 
0-32 mm. and 0-15 mm. by 0-24 mm., severally. Absorption corrections were worked out graphically by drawing and 
measuring a mean path for the X-ray beam through the crystal for each reflection. This method is only approximate, 
but should be fairly accurate for the (h0/) zone in view of the small crystal dimensions involved. The calculated 
correction factors varied from 1-10 to 1-24. 

In the (4k0) zone, the crystal specimen had the rather more extreme cross-section of 0-13 mm. by 0-63 mm. and the 
absorption corrections varied from 1-10 to 1-51. : 

In gy these crystals appeared to be of a rather perfect mosaic type and there was not much evidence of extinc- 
tion he intensities obtained for the three strongest reflections, the 200, 001, and 201, varied a little in different 
. crystal specimens, and the highest values were adopted as most likely to be correct. 
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Fourier Analysis—The electron density on the ac plane, (010), was computed at 900 points on the asymmetric 
unit from the series 


1 +o +0 ° 
p(*,z) = acain B 2 2 F(A01) cos 2a(hx/a + Iz/c) . 


Both the a4 and the c axis were subdivided into 60 parts, the intervals along a being 0-268 a., and along c, 0-169 a., and 
the summation was carried out by means of three-figure strips (Robertson, Phil. Mag., 1936, 21, 176). The positions 
of the contour lines were obtained by graphical interpolation from the summation totals, by making sections of the 
rows and columns. The resulting contour map is shown in Fig. 2. The whole molecule, or twice the asymmetric unit, 
was drawn from the same sections, and the centres of all the atoms were assigned independently. ’ 

Calculation of Orientation.—It was found that the central ring of coronene fulfilled the conditions necessary for it to 
be the projection of a regular, planar hexagon, and on this basis it was possible to derive the orientation of the molecule 
without assumed regularity for the other rings. Y fat Pt ; : 

One diameter of this central hexagon will actually lie in the projection plane. This is indicated by the direction S 
in Fig. 2, and the measured dimensions in this direction and near to it correspond to a hexagon radius of 1-43 a. The 
tilt of the axis M to b, or %y, is now given by the relation sin ¢y = r/R, where 7 is the measured length of line in the 
M direction and R its real length. Taking r as the mean of KL and one half of JJ’ (Fig. 2), and R as 1-43 a., we find 

= 46-7°. » 

This method cannot be applied to find yz, for this angle is close to 90° and consequently too sensitive to small errors 
in the distance ratio; yz may, however, be calculated from the observed angle between L and M in the projection 
(942°), and the assumption that these axes are actually perpendicular in the molecule. Let yz and yy» be the angles 
which L and M make with the a axis in the projection. Then nz is found to be 84-75°+0-15°, by taking the mean 
directions of the lines DJG’, GJ’D’, and the line joining the mid-points of EF and KL to the origin. Similarly, ny 


Fic. 8. 
Co-ordinates assigned to the atoms in the asymmetric crystal unit. 
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is found to be — 9-4°, the angle which the line AJ J’A’ makes with a. The complete orientation of the molecule may 
then be obtained from the relations 


(1) cos? yz + cos* yz + cos*w, = 1 (7) cOS wz = cos yz tan nz 
(2) cos? yar + cos* yy + cos? wy = 1 (8) COS wy = COS yy tan ny 
(3) cos? yy + cos* %y + cos? wy = 1 (9) dba = 46-7° 
(4) cos xz CoS yw + cos pz cos yy + COS wz COS wy = 0 
(5) cos xz cos yw + cos wz cos Hy + COS wz COS wy = 0 
(6) cos xu COS yw + COS yy COS yy + COS wy COS wy = 0 

The results of this calculation are given in Table II. 

Co-ordinates of Atoms, Molecular Dimensions, and Structure Factors.—If all the hexagons in coronene were regular 
and of the same size, we should expect that all parallel lines connecting similar pairs of atoms in the projection should 
be equal in length, but this is not the case. The ‘‘ spokes,” KD, LG, etc., are not significantly different from the corre- 
sponding parallel inner bonds, but the outermost bonds BC, EF, and HI, when compared with JK, KL, and LJ’, 
respectively, show a shortening of 3-2+-0-4%, while the other outer bonds are also fairly consistently decreased, but to 
asmaller extent, viz., A’I, 20%; HG, 08%; GF,1-7%; ED, 2:2%; DC, 2-7%; and BA, — 1-3% (expansion). 

_ Starting with the central regular hexagon of radius 1-43 a., these observations lead to the molecular model shown 
in Fig. 5, with co-ordinates relative to the molecular axes as given in Table IV. When these co-ordinates are 
combined with the orientation angles according to the relations 


*#’ = L cos xz, + M cos xu x =x’ — 2 cotB 

y =Lcos %z, + M cos by z = 2’ cosec B 

2 =Lcosw, + M cos wy 
we obtain the rectangular co-ordinates (z’, y, z’) referred to the @ and b crystal axes, and their perpendicular c’, or the 
monoclinic crystal co-ordinates (%, y, z). The latter are collected in Table III under the columns headed (a), and are 
plotted on the contour map in Fig. 8. It can be seen that they represent what are probably the best average positions 


of the atomic centres. Independently estimated centres, without reference to any molecular model, are given in 
Table III under the columns headed (5), and the deviations are small. 
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TABLE V. Measured and calculated values of the structure factor. 
F. Sin 0 F. 

Meas. ‘ Akl. 1-54). Meas. 

65 10,04 0-695 

30 804 0-609 
0-520 
0-442 
0-375 
0-306 
0-317 
0-359 
0-422 
0-499 
0-581 
0-671 
0-764 
0-858 
0-955 
0-938 
0-848 
0-759 
0-673 
0-590 
0-517 
0-454 
0-382 
0-386 
0-414 
0-463 
0-528 
0-603 
0-683 
0-771 
0-860 
0-955 
0-908 
0-821 
0-743 
0-663 
0-594 
0-532 
0-461 
0-457 
0-475 
0-514 
0-565 
0-631 
0-706 
0-763 
0-870 
0-961 
0-973 
0-892 
0-813 
0-739 
0-673 
0-615 
0-545 
0-535 
0-543 
0-572 
0-615 
0-672 
0-739 
0-810 
0-890 
0-965 
0-885 
0-815 
0-752 
0-696 
0-624 
0-610 
0-614 
0-635 
0-671 
0-717 
0-778 
0-844 
0-920 
0-963 
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The co-ordinates of Fig. 8 and Table III, (a), were used for a final calculation of the structure factors of all the planes. 
The results are collected in Table V under “‘ F, calc.” An average atomic scattering curve, found suitable for carbon 
atoms in aromatic hydrocarbons of the anthracene type, was used (Robertson, Proc. Roy. Soc., 1935, A, 150, 110). The 
agreement between the observed and the calculated values of F, expressed in the usual way as a sum of all the dis- 
crepancies divided by the total of the measured structure factors, is 14-0% for the (h0/) reflections, and 13-1% for all 
the reflections. This discrepancy is of about the order usually encountered in such investigations, and there is little 
doubt that some of it is due to the distribution of electron density between the atoms, which is not allowed for in the 
scattering curves employed. 
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165. The Associating Effect of the Hydrogen Atom. Part XII. The N-H-N 
Bond. The Structure and Tautomerism of Cyanamides. 


By L. Hunter and H. A. REEs. 


Examination of the physical properties and measurement of the molecular weight of cyanamide and its 
organic derivatives show that they are of two distinct types: those possessing an unsubstituted imino-group 
(NH,CN and NHR:CN) are highly associated in benzene and in naphthalene solution, whereas those in 
which both amino-hydrogen atoms are replaced (NRR’CN) are unimolecular. The molecular association of 
the former type, as well as their tautomeric character, is attributed to N-H-—N bonds between adjacent molecules. 
Cyanamide and its monosubstituted derivatives therefore provide further examples of mesohydric tautomerism 
(Hunter, Chem. and Ind., 1941, 60, 32). 


Tue physical properties of cyanamide are strongly suggestive of a highly associated molecular structure. 
For example, in spite of its low molecular weight, cyanamide has a boiling point far above that of all other 
simple cyano-derivatives (Table I); that this is probably a consequence of a hydrogen-bond structure is 
revealed in Table II, from which it is evident that the large fall in boiling point on passing from cyanamide 
to its dialkyl derivatives is compensated for by rising molecular weight only on reaching the diamy] derivative, 
whose molecular weight is more than four times that of cyanamide. 


TABLE I.* 
B. p. 
Cyanamide (42) ..............0006. 140°/19 mm. Cyanogen chloride (61-5) 
Hydrogen cyanide (27) ............ 2 Cyanogen bromide (106) 
DET UEE cxcciscccvenserqnveps Methyl thiocyanate (73) 


CVOGRCUIED "cbc crt tcense vocccciane Methyl cyanoformate (85) 
Acetyl cyanide (69 o 


TABLE II.* 


Cyanamide (42) ...............140°/19 mm. Dipropylcyanamide (126) ...  104°/18 mm. 
Dimethylcyanamide (70) ... 52/14 mm. Dibutyicyanamide (154) 147—151/35 mm. 
Diethylcyanamide (98) 68/10 mm. Diisoamylcyanamide (182) ... 144/20 mm. 
Diallylcyanamide (122) 105—110/18 mm. 


Solubility considerations provide further indications of a hydrogen-bond structure: cyanamide shows a 
high solubility in water and all other donor solvents, but is only very sparingly soluble in benzene, naphthalene, 
chloroform, petrol, carbon disulphide, etc. 

In chemical properties also, there is good evidence for regarding cyanamide as a substance in tautomeric 
equilibrium, i.¢., NH,-CN = NH:C:NH. This has a close formal resemblance to amidine tautomerism, and 
the tautomeric behaviour of amidines has already been correlated (Hunter and Marriott, J., 1941, 777) with 
their associated (hydrogen-bond) structure. To determine whether a similar correlation prevails in the 
cyanamides, measurements of molecular weight have now been made on cyanamide (I) and its mono-(II) 
and di-(III) substituted derivatives. The results (Fig. 1) clearly divide cyanamides into two classes; those 


NH,-CN NHR-CN NRR’-CN NHAr-CH,-CN NArAc’CH,CN 
(I.) (II.) (III.) (IV.) (V.) 


possessing an unsubstituted imino-group (I and II; curves 1—5) are markedly associated, whereas those in 
which there is no free hydrogen atom (III; R’ = alkyl, aryl, or acyl; curves 6—11) are substantially uni- 
molecular. Since this subdivision is in harmony with the presence of tautomerism in the former type (I 
and II) and its absence in the latter (III), it seems clear that cyanamides of the former class owe their associated 
character no less than their tautomeric behaviour to molecular union through hydrogen bonds (N-H-N), 
the imino-hydrogen atom of one molecule being shared with the cyano-nitrogen atom of a second. 


* Formal molecular weights in parentheses. 
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The molecular-weight determinations now recorded were made cryoscopically in benzene or naphthalene 
over a range of concentration. As in previous parts of this series, molecular association is inferred from the 
molecular-weight measurements in all cases in which the factor of association (a) increases substantially with 
rising concentration; i.e., a steep association-concentration curve is taken to indicate molecular association, 
whereas a flat or gently sloped curve (in the region, « = 1) is interpreted as absence of association. Cyanamide 
itself was too insoluble in |senzene or naphthalene to give reliable results, and was measured cryoscopically 
in nitrobenzene solution. In spite of the donor character of this solvent, and its consequent tendency to 
simplify the solute molecules, a 2% solution of cyanamide therein showed an association factor of well over 
2-0. On the other hand, in aqueous solution cyanamide is unimolecular, indicating that in this solvent its 
intermolecular hydrogen bonds are probably superseded by bonds (N-H-O) with the solvent water molecules, 

Except that intermolecular bonding is through hydrogen, no conclusions can be drawn from the molecular. 
weight evidence as to the type of associated molecules present in (I) and (II), for the molecular weight-—con. 
centration curves show little or no falling off in slope with increasing concentration. This may indicate chain 
polymers, and the hydrogen bond being regarded as a resonance phenomenon, a chain polymer of the cyan- 
amide (II) containing x + 2 molecules is depicted in (VI), in which (a) and (b) are the unperturbed forms of 


R 


| 
a. 


the resonance hybrid. Cyclic polymers are not excluded, and due weight being given to the rectilinear dispos- 
ition of the N—C-N skeleton in cyanamides, a practically strainless trimer (VII) can be constructed involving 
no separation of charges in the unperturbed forms (a) and (5). 

The close connexion between hydrogen-bond association in the cyanamides and their tautomeric character 
is strikingly demonstrated by a comparison of arylcyanamides (II; R = aryl) with their homologous aryl- 
aminoaeetonitriles (IV), in which the imino- and the cyano-groups are separated by a methylene group. Not 
only are substances of the latter type devoid of tautomeric character, but their molecular association (Fig. 2) 
is very markedly reduced in comparison with that of the cyanamides, in spite of the presence in their molecules 
of the associating groups imino- and cyano-. That the small though noticeable amount of molecular association 
shown by the arylaminoacetonitriles can scarcely be due to hydrogen-bond ‘association is shown by the fact 
that p-tolylacetamidoacetonitrile (V; Ar = p-tolyl), in which the imino-hydrogen atom has been replaced by 
acetyl, shows only slightly less association than its parent imine (IV; Ar = p-tolyl). 

This predisposition on the part of tautomeric hydrogen to engage in hydrogen-bond formation has frequently 
been noted in previous parts of this series; e.g., comparison between amides and imino-ethers (J., 1937, 1114), 
pyrazoles and pyrazolines (J., 1941, 3), thioacridone and thiodiphenylamine (J., 1942, 640). 

In addition to cyanamides of types (II) and (III), it was considered of interest to examine a few aryl- 
cyanamides possessing o-substituent groups capable of achieving chelate ring formation with the hydrogen 
atom of the cyanamido-group. Fig. 3 compares phenylcyanamide (II; R = Ph) with o-nitro- (VIII; curve 16) 
and o-carbalkoxy-phenylcyanamides (IX; curves 17 and 18), and the greatly reduced molecular association 


CN 


i ae 
\x Ny NH-CN 
tJ O NET-CN H: “NH-CN 
nZ One \ OR NH:C(NH,)-N 
Oo OR O,Et 

(VIII.) (IX.) (X.) (XI) (XII) 


in the latter points to a large proportion of their molecules possessing intramolecular hydrogen bonds (N—H-0) 
as indicated. This is supported by the fact that p-carbethoxyphenylcyanamide (X; curve 15), in which chelate 
ring formation is impossible, exhibits a higher degree of molecular association than its o-isomer (IX; R = Et; 
curve 18). ; 

A similar effect is noticeable in the o-alkoxyphenylcyanamides (XI), which, in comparison with their 
p-isomers, show a reduced degree of association (Figs. 1 and 4). It is-doubtful whether this effect is due to 
chelate ring formation, as this would involve the very rare five-membered system. As the ethoxy-group 
produces a much larger effect than methoxy-, we are inclined to ascribe the effect to steric causes, especially 
as similar results (unpublished) have recently been obtained with o-substituted phenylurethanes in circum- 
stances where no chelation is possible. 


The above conclusions as to the structure of cyanamide can reasonably be extended to include its poly- 
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eride dicyandiamide, whose high melting point (209°) and low solubility in organic solvents indicate a high 
ate of molecular association; for in the structure (XII) usually ascribed to this compound there are two 
yroups contributing to hydrogen-bond association, viz., the guanidino- (Hu 


nter and Marriott, loc. cit., p. 782) 
snd the cyanamido-group. The cyclic trimer, melamine, is probably similarly complex. X-Ray analyses 
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of crystalline dicyandiamide (Hughes, J. Amer. Chem. Soc., 1940, 62, 1258) and of melamine (ibid., 1941, 63, 
1137) are completely in harmony with this view. 


EXPERIMENTAL. 


The tendency of cyanamides to undergo chemical polymerisation (self-addition) to form substances of the melamine 
type has been kept constantly in mind throughout work, for the formation of such products in the course of 
molecular-weight determinations would completely invalidate the 


c conclusions. Two checks this behaviour 
have been performed. Firstly, in most cases the cyanamide was recovered unchanged from the cryoscopic solvent 
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at the conclusion of each series of molecular-weight measurements. Secondly, if the molecules exist in solution , 
aggregates linked by hydrogen bonds the reaction (NHR-CN), => *NHR‘CN is readily reversible, the position of eqy 
librium depending on the concentration of the solution. Consequently, a set of cryoscopic measurements made q 
this solute at progressively increasing concentrations should give an association—concentration curve which is sy} 


Revised m. p.’s are recorded for the following cyanamides : -tolylcyanamide, m. p. 71—72° (lit., 69°); N-benzoy}. 
phenylcyanamide, m. p. 127° (lit., 118°) (Found: N, 12-8. Calc.: N, 12-6%); N-benzoyl-p-tolylcyanamide, m. p. 13?’ 
(lit., 126°); o-ethoxyphenylcyanamide, m. p. 103° (lit., 94°); p-ethoxyphenylcyanamide, m. p. 92° (lit., 87°); o0-carbo. 
methoxyphenylcyanamide, m. p. 111° (lit., 105°); o-carbethoxyphenylcyanamide, m. p. 98° (lit., 94°); o-nitropheny. 
cyanamide, m. p. 155—156° (lit., 152°). 

The following new compounds were prepared. N-Benzoyl-o-tolylcyanamide, white needles from aqueous alcohol, 
m. p. 95° (Found: N, 11-7. C,;H,,ON, requires N, 11-9%). 0-Methoxyphenylcyanamide, white platelets from aqueous 
alcohol, m. p. 82° (Found: N, 19-0. C,H,ON, requires N, 18-9%). p-Methoxyphenylcyanamide gave evidence of 
dimorphism. The crude product, precipitated from sodium hydroxide solution by dilute acetic acid, was a micro. 
crystalline, white powder melting unsharply about 80°. - When recrystallised from water it yielded white prisms, m. p, 
90—91°, but from alcohol it gave white plates, m. p. 75° (unsharp). By treating the alcoholic solution with seeds of the 
higher m. p. material, white prisms, m. p. 91°, were obtained. All specimens, whether of high or low m. p., crystallised 
from water in white prisms, m. p. 91° (Found: N, 19-0. C,H,ON, requires N, 18-9%). 

p-Methoxyphenyl-N-carbethoxycyanamide. To acold solution of the above compound (1 mol.) in pyridine was slowly 
. added ethyl chloroformate (1 mol.), and the resulting solution was poured into dilute acid. The white precipitate was 

washed free from acid and crystallised while still moist from aqueous alcohol. It formed long white needles, m. p. 55° 
(Found: N, 12-9. C,,H,,0,N, requires N, 12-7%). 

ae gm <i gry Tp white micro-crystals from aqueous alcohol, m. p. 151—152° (Found: N, 144, 
Cy9H.O.N, — N, 14:7%). p-Tolylacetamidoacetonitrile, stout white prisms from alcohol, m. p. 73° (Found: \, 
15-0. C,,H,,ON, requires N, 14-9%). 

Molecular-weight Data.—Molecular weights were measured cryoscopically in naphthalene solution, and, in the excep- 
tions noted, in benzene solution. In the following tables, concentrations are expressed as g.-mols. x 10-?/100 g. of 
solution, the formula weights appearing in parentheses; M is the apparent molecular weight deduced according to 
ideal-solution laws; the association factor (a) is calculated as the ratio of M to the formula weight. 


Fie. 1. 
Concn. M. a. Concn. M. a. Concn. M. a. 


1. o-Tolylcyanamide (132).* 5. o-Methoxyphenylcyanamide (148).* 9. Diphenylcyanamide (194). 


0-67 190 1-44 0-62 153 1-03 189 0-97 
1-12 205 1-55 1-39 177 1-20 . 197 1-02 
2-20 236 1-79 1-98 189 1-28 ; 196 1-01 
3-14 263 2-00 2-63 © 196 1-32 : 199 - 1-03 

. . . - 
2. p-Tolylcyanamide (132).* he 4 a _ ss 
0-67 163 1-24 


Her aoe hs 6. N-Benzoyl-o-tolylcyanamide (236) .* 
. “7 a : : sai 
2-74 250 1-89 0-52 266 1-13 0-26 211 0-95 


‘ ‘ 1-12 260 1:10 0-48 211 0-95 
3-29 270 2-05 1-70 248 1:05 0-78 218 0-98 
3. p-Methoxyphenylcyanamide (148). 2-35 260 1-10 1-32 223 1-01 
0-77 172 1-16 , ° eo = oo 
1-84 iss 1-27 . Phenylmethylcyanamide (132). 1-98 223 1-01 
2°24 201 1-36 0-65 139 1-05 
2-98 239 1-61 2°18 144 - 1-09 . p-Methoxyphenyl-N-carbethoxy- 
3-31 252 1-70 = = 1-09 cyanamide (220). 
‘ . 5-25 15 1-15 / ; 
4. ae oe te : 127). 6-66 155 1-17 To. aa 1-00 
. : . . 00 
1:52 149 1:17 ‘8. N-Benzoyl-p-tolyleyanamide(236).* 309 1 1.00 
2-19 175 1-38 0-38 239 1-01 
2-87 189 1-48 0-93 240 1-02 
3-73 203 1-60 1-59 246 1-04 


10. N-Benzoylphenylcyanamide 
(222).* 


Fic. 2. 


12. Phenylaminoacetonitrile (132).* 13. p-Tolylaminoacetonitrile (146) .* 14. p-Tolylacetamidoacetonitrile 
(188). 


0-96 143 1-09 0-79 155 1-06 

1-80 150 1-13 1-65 162 1-11 ¥ 197 
3°21 165 1-25 2-29 167 1-14 : 207 
3°93 171 1-29 3-52 179 1-23 ; 211 
5-23 181 1-37 4-71 189 1-29 A 215 
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Fic. 3. 


15. p-Carbethoxyphenylcyanamide 16. o-Nitrophenylcyanamide (163). 17. o-Carbmethoxyphenylcyanamide 
(190). 0-46 175 1-07 (176). 
0-49 207 . 0-96 176 1-08 . 177 1-00 
0-86 213 ‘ 1-56 181 1-10 ° 182 1-03 
1-83 227 ° 2-45 186 1-14 ° 187 1-06 
2-20 239 ° 3-62 185 1-14 ° 192 1-09 
4-42 194 1-19 . 194 1-10 
. 193 1-10 
18. o-Carbethoxyphenylcyanamide 
(190). 
174 
178 
185 
194 


Fic. 4. 


. p-Ethoxyphenylcyanamide (162). 20. o-Ethoxyphenylcyanamide (162). Molecular weight of cyanamide (42) in 


0-41 170 1-05 0-67 160 0-99 nitrobenzene. 

0-95 182 1-12 2-03 174 1-07 2°64 77 1-83 
1-42 203 1-25 2-87 182 1-12 5-11 97 2-31 
1:77 246 1-52 3°64 190 1-17 

2-21 256 1-58 4-03 193-5 1-19 

2-43 277 1-71 
3°64 290 1-79 . 
* In benzene solution. 


Our thanks are due to Mr. A. H. Cobble for performing many of the preparations, and to the Chemical Society for 
a grant. 


UNIVERSITY COLLEGE, LEICESTER. [Received, May 23rd, 1945.) 





166. N-Nitro-N’-2 : 4-dinitrophenylurea. A Reagent for Primary and 
Secondary Amines. 


By (Miss) J. L. McVeicu and J. D. Rose. 


N-Nitro-N’-2 : 4-DINITROPHENYLUREA (I) was first prepared by Reudler (Rec. trav. chim., 1914, 38, 35) by 
nitration of phenylurea; he described the decomposition of (I) with ammonia in anhydrous ether to give 
2: 4-dinitrophenylurea, with aqueous ammonia and alkali to give 2 : 4-dinitroaniline, and with ethanol to give 
2:4-dinitrophenylurethane. Kniphorst (Rec. trav. chim., 1925, 44, 693) prepared N-2 : 4-dinitrophenyl- 
N’-ethyl (and methyl) nitrourea and showed that these, and (I), with aniline, p-toluidine, phenylhydrazine or 
hydrazine in ether yielded s.-ureas. There appears, however, to have been no attempt to utilise (I) as a reagent 
for the characterisation of primary and secondary amines, a use to which it is particularly adapted on account 
of ease of preparation, simplicity of use and ease of purification of the derivatives. 

Since (I) behaves as a moderately strong acid, salts are formed with amines. These salts, insoluble in 
hydrocarbon solvents, are readily decomposed by boiling in xylene suspension, nitrous oxide and water being 
formed; the s.-urea dissolves in the xylene from which it crystallises on fooling, or from which it may be 
precipitated with light petroleum. Salts prepared are listed in Table I. 


TABLE I. 
Salts of N-Nitro-N’-2 : 4-dinitrophenylurea and amines. 
Analysis. 
M. p. of salt. Formula. Found N%. Required N%. 

133° CisH1,02N, 23-5 23-6 

175 C,3H,,0,N, 23-4 23-1 

APOE RRA N, 130 C,H1,0,Ne 24-1 24-4 

Methylaniline ............ccce0c00. 207 CygH ON, 22-1 22-2 

A simpler method of preparing the ureas is addition of (I) to a boiling alcoholic solution of the amine. 
The ureas, which normally begin to separate from the hot solution, are formed in high yield, are well crystalline 
and easily recrystallised. They show a wide range of m. p.’s. 2: 4-Dinitrophenylureas have been prepared 
from the amines listed in Table II. 

The reagent may be used with amines in aqueous solution although this procedure is not, in general, so satis- 
factory and is occasionally accompanied by some tar formation. Finally, it is necessary to add a note of warn- 
ing that (I) is an explosive of rather lower power than picric acid, but possessing slightly greater sensitiveness 
to friction and impact. It should not be stored in bottles with ground-in stoppers. 
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TaBLe II. 





Analysis. 
Amine. M. p. of urea. Found N%. Required N%. 
III: "8S Cc civdpapashunagen lunes coheseveedile 208° 22-8 23°3 
Nb stick condscmnstbGead eivatecedues 258 23-4 23-4 
NINDS: 0d Sas enodsdccdsnmapsiiwascsavease sadinss 203 21-7 22-0 
TT ol BOD in occkss san ccubaache bol seesen sented 161 21:8 22-0 
B-FiyGroxyothylamine ... .......0.0ceccececvccccecce'ecs 162 20-4 20-7 
Diethylamine atan wecenidachh de eubiiees eile Wirosoieetg oh 123 19-7 19-8 
DIY Wichael. ceennsesths nakGinsediemabhces sgnekeieiun 140 18-8 19-0 
SEE » Sapbh i abddcnadn sav ebandnese aoe ees ere-atnses ope 172 19-0 18-9 
NE a ia ices seis chaps wbenesseneasenebad 98 16-6 16-6 
III kph sceseacdaseces én con sso centenwurens 170 17-9 18-2 
SUID. cdbdcsntntienberascneiuieninent cnrtieaieoe 114 19-5 19-0 
B-Dimethylaminoethylamine ........................ 153 23-4 23-6 
2: 4-Dimethyl-3-pentylamine ...................44+ 155 17-2 17-2 
PE SB a cee seh Gh baa Ledatedoe ssa ces bavstecdédcsaianece 189 * ; 18-2 18-5 
IIIS sav cadauiindudchabe cndasssoneneesnbecoes 204 17-8 17-7 
IN hc StI i arccss ch ddaah and uidy see adsicapains anncese 200 18-1 17-7 
ID > cthincaphdecnd lus 04s dendee toakccmhcdemcincoase 213 18-3 17-7 
SEA tance cabwandhvcdsteh dhdudidie sie Ueesnconnsind 201 17-1 16-9 
ES ahaa Nici da sta sd Ring ansiaudd van dadiionsan 204 17-4 16-9 
IN cis, cn asa athecsnssere dpe dis reesee anetion 207 15:9 15-9 
IE 556.569 onc cbgoanndiuceese iusedcnsenee 230 16-0 15-9 


* Kniphorst (loc. cit.) gives m. p. 194°. 


EXPERIMENTAL. 


(Analyses by Mr. E.S. Morton. M. p.’s are uncorrected.) 


N-Nitro-N’-2 : 4-dinitrophenylurea.—This was prepared according to Reudler (loc. cit.) 

Aniline salt of N-nitro-N’-2 : 4-dinitrophenylurea. The details of the preparation of this are given as an example. 
To a solution of the reagent (5 g.) in the minimum quantity of cold acetone, aniline (1-7 g.) was added. On cooling 
and scratching a pale yellow crystalline powder (6-4 g.) separated, which was collected and washed with cold acetone; 
m. R. 175° (Found : N, 23-4. C,,H,,0,N, requires N, 23-1%). . 

__N-2: 4-Dinitrophenyl-N’-phenylurea.—Method (a), by gp ta of the salt. The salt (above) was suspended in a 
little xylene and boiled under reflux during five minutes. There was vigorous effervescence, and the solid gradually 
dissolved. The solution on cooling deposited a solid which, recrystallised from alcohol, gave yellow needles, m. p. 189° 
(Found: N, 18-2. Calc. for CysH»O,;N,: N, 18°5%). Method (b), by direct preparation. To a solution of aniline 
(4-65 g.) in boiling ethanol (50 c.c), the reagent (13-65 g.) was added during 20 minutes. Each addition was accompanied 
by vigorous effervescence and caution was necessary. The clear solution was boiled for five minutes during which 
crystallisation commenced and, on cooling to 20°, a semi-solid magma of yellow crystals was formed, which was collected, 
washed with alcohol (26 c.c.) and dried (13-2 g.). The crude material had m. p. 182—185°; recrystallised from alcohol, 
it gave yellow needles m. p. 189°, undepressed by admixture with that formed under (a) above. 


The authors are indebted to Dr. H. R. Wright, of Imperial Chemical Industries Ltd., Explosives Division, for tests 
on the explosive properties of dinitrophenyl-nitrourea. 


RESEARCH LABORATORIES, IMPERIAL CHEMICAL INDUSTRIES LIMITED, 
BLACKLEY, MANCHESTER, 9. [Received, June 13th, 1945.) 





167. Syntheses of 2-Monosubstituted and 2: 3-Disubstituted Quinoxalines. 
By A. H. Gowentock, G, T. NEwsotp, and F. S. Sprinc. 


With the object of preparing pyrazine-2 : 3-dicarboxylic acids carrying certain substituents at the 5- and 
5 : 6-positions, some 2-monosubstituted and 2 : 3-disubstituted quinoxalines have been synthesised. Most of 
these syntheses depend upon transformations of the readily available ethyl 2-hydroxyquinoxaline-3-carboxylate 
(I) which is converted into 2-hydroxyquinoxaline (III), 2-chloroquinoxaline (IV), 2-ethoxyquinoxaline (XI) and 
2-aminoquinoxaline (VII). At least one alternative synthesis of each of the 2-substituted quinoxalines has been 
accomplished. 2 : 3-Diethoxyquinoxaline and 2 : 3-diaminoquinoxaline have been prepared from 2 : 3-dichloro- 
quinoxaline; 2: 3-diethoxyquinoxaline is hydrolysed to 2: 3-dihydroxyquinoxaline by mineral acid but is 
stable to aqueous alkali. 


2 : 6-DIHYDROXYPTERIDINE is obtained by the action of alkaline potassium hypobromite solution upon pyrazine- 
2 : 3-dicarboxyamide (Gabriel and Sonn, Ber., 1907, 40, 4857; Baxter and Spring, J., 1945, 229). In order 
to apply this method to the synthesis of 8- or 9-monosubstituted and 8: 9-disubstituted 2: 6-dihydroxy- 
pteridines it became necessary to prepare 5-monosubstituted and 5 : 6-disubstituted pyrazirft-2 : 3-dicarboxylic 
acids. A possible route to such pyrazine derivatives is by the oxidation of 2-monosubstituted and 2 : 3-di- 
substituted quinoxalines. This paper records syntheses of some of the required quinoxaline intermediates 
including 2-hydroxy-, 2-chloro-, 2-ethoxy- and 2-amino-quinoxaline and 2: 3-diamino- and 2 : 3-diethoxy- 
quinoxaline. 

Condensation of o-phenylenediamine with ethyl glyoxylate gives 2-hydroxyquinoxaline (III) identical 
with the product obtained by decarboxylation of 2-hydroxyquinoxaline-3-carboxylic acid (II) (Kuhling, Ber., 
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991, 24, 2368; Hinsberg, Amnalen, 1896, 292, 245; Motylewski, Ber., 1908, 41, 800; Hinsberg, ibid., 
», 2033; Kuhn and Bar, Ber., 1934, 67, 898; Ohle and Gross, Ber., 1935, 68, 2262). 
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2-Chloroquinoxaline (IV) has been prepared by three metinods. In the first, ethyl 2-hydroxyquinoxaline- 
3-carboxylate (I) (Ohle and Gross, loc. cit.) is converted into ethyl 2-chloroquinoxaline-3-carboxylate (V) by treat- 
ment with phosphorus oxychloride; hydrolysis of (V) by means of sodium carbonate gives 2-chloroquinoxaline- 
3-carboxylic acid (VI) which when maintained at its melting point for a short time gave 2-chloroquinoxaline. 
Hydrolysis of ethyl 2-chloroquinoxaline-3-carboxylate by means of sodium hydroxide solution gives 2-hydroxy- 
quinoxaline-3-carboxylic acid (II). In the second method, .2-chloroquinoxaline was obtained directly from 
2-hydroxyquinoxaline. Motylewski (loc. cit.) found that treatment of 2-hydroxyquinoxaline with phosphorus 
pentachloride gave 2 : 3-dichloroquinoxaline. 2-Hydroxyquinoxaline is almost quantitatively converted into 
2-chloroquinoxaline by means of phosphorus oxychloride. Finally, 2-chloroquinoxaline is also obtained in 
small yield by refluxing 2-hydroxyquinoxaline-3-carboxylic acid (II) with phosphorus oxychloride. 

Treatment of ethyl 2-chloroquinoxaline-3-carboxylate (V) with alcoholic sodium ethoxide gives ethyl 
2-ethoxyquinoxaline-3-carboxylate (XII) alkaline hydrolysis of which yielded 2-ethoxyquinoxaline-3-carboxylic 
acid (XIII). When heated for a short time at 180° this acid loses carbon dioxide and gives 2-ethoxyquinoxaline 
(XI). 2-Ethoxyquinoxaline was also obtained by treatment of 2-chloroquinoxaline (IV) with alcoholic sodium 
ethoxide. 2: 3-Diethoxyquinoxaline (XIV) was obtained readily by treatment of 2 : 3-dichloroquinoxaline 
with alcoholic sodium ethoxide. It is readily hydrolysed to 2 : 3-dihydroxyquinoxaline by mineral acid but 
itis stable to alkali. 

When heated with alcoholic ammonia, 2-chloroquinoxaline (IV) readily yields 2-aminoquinoxaline (VII), 
characterised by its acetyl derivative. A second synthesis of 2-aminoquinoxaline was accomplished starting 
from ethyl 2-chloroquinoxaline-3-carboxylate (V). Treatment of (V) with “4 lcoholic ammonia at 0° gives 
2-chloroquinoxaline-3-carboxyamide (VIII) whereas treatment of the chloro-ester (V) with alcoholic ammonia at 
150—160° gives 2-aminoquinoxaline-3-carboxyamide (IX) which is also obtained by treatment of (VIII) with 
ammonia at 160°. Hydrolysis of 2-aminoquinoxaline-3-carboxyamide gives 2-aminoquinoxaline-3-carboxylic 
acid (X) identical with the acid obtained by Baxter and Spring (/oc. cit.) from quinoxaline-2 : 3-dicarboxyamide, 
and further characterised by the preparation of its methyl ester. When heated for a short time at 250°, 
2-aminoquinoxaline-3-carboxylic acid gives 2-aminoquinoxaline. After this section of our study of quinoxaline 
derivatives was completed, Weijlard, Tishler and Erickson (J. Amer. Chem. Soc., 1944, 66, 1957) described 
2aminoquinoxaline which they obtained by using two methods starting in each case from alloxazine. The 
properties of the base and its acetyl derivative prepared in this way are in close agreement with those observed 
by us with the exception that we obtain the acetyl derivative as colourless needles whereas the American 
authors describe it as yellow crystals. — 

2: 3-Diaminoquinoxaline, which has previously been obtained by the action of cyanogen on o-phenylene- 
diamine (Bladin, Btr., 1885, 18, 672; Hinsberg and Schwartes, Ber., 1903, 36, 4040) is readily obtained by the 
action of alcoholic ammagnia upon 2 : 3-dichloroquinoxaline. 





EXPERIMENTAL, 
Ethyl 2-Hydroxyquinoxaline-3-carboxylate (cf. Ohle and Gross, loc. cit.).—A solution of o-phenylenediamine (10-8 g. ; 
01 mol.) and ethyl ketomalonate (17-4 g.; 0-1 mol.) in absolute alcohol (200 c.c.) was refluxed for hour. After 
the hot solution was diluted with water (400 c.c.), and boiled for 15 minutes with charcoal. On cooling, the filtered 
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solution deposited ethyl 2-hydroxyquinoxaline-3-carboxylate (ca. 18 g.) in long pale yellow needles which, after recrystajgmequ™°S C 
lisation from 95% alcohol, had m. p. 175-5—176-5° (Found : C, 60-4; H, 4-8; N, 13-0. C,,H,O,N, requires C, 60-5; nosphort 
H, 4:6; N, 12-9%). This ester (11-0 g.) was hydrolysed by heating with 3n sodium hydroxide solution (100 c.c.) { oured in 
30 minutes on a steam bath. The solution was made acid (Congo-red) and the acid precipitated in yellow-brown needs Iphate) 
(95%), m. p. 263—265° (decomp.}. Himsberg (loc. cit.) gives m. p. 265° (Found: N, 14-7. Calc. for C,H,O,N,: pote © 
14-7%). The acid was heated at 265° until evolution of carbon dioxide ceased and the cooled mass sublimed at 200°/\mB7°, U2°" 
mm. giving 2-hydroxyquinoxaline (72%), m. p. 266°, identical with the specimen prepared by the method describej a 
below. n 

Ethyl 2-Chloroquinoxaline-3-carboxylate——A, mixture of ethyl 2-hydroxyquinoxaline-3-carboxylate (10-9 g.) anim. P- 46- 
phosphorus oxychloride (50 c.c.) was heated at 110—120° for 10 minutes and the excess phosphorus oxychloride remove; ater an 


id, but 
2-Am 

thanolic 

nd the 


ina vacuum. The dark green coloured viscous residue was poured on to crushed ice (600 g.), the mixture neutralise 
by the addition of ammonia and extracted with ether. The dried (alkali-free sodium sulphate) extract was evaporate 
and the residue distilled at 10-* mm. (bath temperature 170—180°). The chloro-ester distilled as a slightly pink oj 
and solidified to a mass of nearly white needles (10-65 g., 90%), m. p. 42°. If the crude product obtained by pourig 
the reaction mixture on to ice is directly crystallised from aqueous methanol (charcoal) the ester is obtained in pink 
coloured needles m. p. 42° not altered either in colour or m. p. by subsequent recrystallisation. A specimen was sublime 
at 60°/6 x 10-* mm. and ethyl 2-chloroquinoxaline-3-carboxylate was obtained as a colourless solid, m. p. 42°5°( Found: 
C, 55:9; H, 4:1; N, 11-9. C,,H,O,N,Cl requires C, 55-8; H, 3-8; N, 11-8%). The chloro-ester is very soluble in th 
common organic solvents at the ordinary temperature. It is sparingly soluble in cold water and moderately soluble iafumee™t™te 
hot water. When stored in air it gradually becomes pink in colour; it is best stored in alcoholic solution at 0°. hen 7 

Hydrolysis of Ethyl 2-Chloroquinoxaline-3-carboxylate——(a) 2-Hydroxyquinoxaline-3-carboxylic acid. The este fim vi 
(1-0 g.) was refluxed with 3n sodium hydroxide solution (20 c.c.) for 30 minutes. The solution was acidified with cilut,ImetvS**™ 


hydrochloric acid, and made alkaline by the addition of dilute ammonia solution. Addition of an excess of barium M™- P: hs 
chloride solution precipitated a granular barium salt which was collected and decomposed by the addition of a slight Et s 
excess of N-sulphuric acid. Removal of the barium sulphate followed by concentration of the filtrate gave 2-hydroxy. fam! ya 
quinoxaline-3-carboxylic acid as yellow needles, m. p. 265° (decomp.), undepressed when mixed with an authentic ee ~ 
specimen. (b) 2-Chloroquinoxaline-3-carboxylic acid. A solution of ethyl 2-chloroquinoxaline-3-carboxylate (2-0 g) — 
and sodium carbonate (0-5 g.) in methanol (80%; 50 c.c.) was refluxed for 4 hours and then evaporated to dryness under ethyl , 
reduced pressure. The residue was dissolved in water (20 c.c.) and the solution acidified to Congo-red by the addition — 
. of hydrochloric acid. The precipitated acid was collected (1-8 g.) and crystallised from water to give 2-chloroquinoxalin. oP 
3-carboxylic acid as pale yellow prisms, m. p. 146—147° (decomp.). The chloro-acid is also obtained by hydrolysis of the fmm (20 °° 


diluted 
collect 
needle: 


chloro-ester with an aqueous-methanolic solution of sodium cyanide. It is soluble in most organic solvents; it is slightly 
soluble in concentrated hydrochloric acid the solution having a deep yellow colour, discharged by the addition of water 
(Found: C, 51-8; H, 2-1; N, 13-6; equiv., 207. C,H,O,N,Cl requires C, 51-8; H, 2-4; N, 134%; equiv., 208-5). 
2-Chloroquinoxaline-3-carboxyamide.—A solution of ethyl 2-chloroquinoxaline-3-carboxylate (1-0 g.) in anhydrous 2} 
ethanol (20 c.c.) was treated at 0° for 4 hours with a stream of dry ammonia. After standing at 0° for a further 20 hours a 
the solid (0-55 g.) was collected and crystallised from methanol giving 2-chloroquinoxaline-3-carboxyamide in long white car od 
needles, m. p. 214—215°. A further quantity of the amide was recovered from the ethanol mother liquor (total yield, dni 


85%). The amide can also be prepared in rather smaller yield by the addition of aqueous ammonia (d, 0-88) to a solution (one) 
of ethyl 2-chloroquinoxaline-3-carboxylate in 80% methanol at room temperature. It is only slightly soluble in boiling odin 
ether and boiling ligroin and freely soluble in boiling methanol, ethanol, chloroform, benzene, acetone, and water (Found: ~ 
C, 52-0; H, 2:9; N, 20-2. C,H,ON,Cl requires C, 52-0; H, 2-9; N, 20-2%). aa 
2-A minoquinoxaline-3-carboxyamide.—A mixture of ethyl 2-chloroquinoxaline-3-carboxylate (4-0 g.) and alcohol =e 


(120 c.c.) saturated at 0° with dry ammonia was heated with stirring in an autoclave at 150—160° for 5 hours. When = F 
the reaction mixture had cooled the separated bright yellow needles (1-5 g.) were collected and recrystallised from 70% er 
acetic acid or from aqueous pyridine to give 2-aminoquinoxaline-3-carboxyamide as fine, bright yellow needles m. p. 1 
263—264° (Found: C, 57-5; H, 4-3; N, 29-7. C,H,ON, requires C, 57-4; H, 4:3; N, 29-8%). The original alcohol Th 
mother-liquor was evaporated to dryness and the residual solid extracted with hot glacial acetic acid. When diluted herd 
with water, this extract gave a further crop (0-94 g.) of the amino-amide (total yield, 77%). The m. p. of the amino : 


amide varies slightly with the rate of heating. It is soluble in cold dilute hydrochloric acid but not in cold dilute sodium CH 
hydroxide solution. 


2-A minoquinoxaline-3-carboxylic- A cid.—2-Aminoquinoxaline-3-carboxyamide (1-0 g.) was refluxed for 3 hours with oe 
10% sodium hydroxide solution (50 c.c.); ammonia was evolved. The cold solution was acidified to Conge-red by the sola 
addition of concentrated hydrochloric acid. After standing, the yellow precipitate was collected (0-9 g.) and crystallised it m 
from glacial acetic acid to give 2-aminoquinoxaline-3-carboxylic acid in small yellow needles, m. p. 212—213° (decomp.) Che 
oS Oy Be with the specimen described by Baxter and Spring (loc. cit.) (Found: N, 22-4. Calc. for , 

oHi,O,N,: N, 22-2%). we i 

Methyl 2-A minoquinoxaline-3-carboxylate.—2-Aminoquinoxaline-3-carboxylic acid (0-7 g.) suspended in dry boiling pe 
methanol (30 c.c.) was treated with dry hydrogen chloride until solution was complete. The brown coloured solution oni 
was refluxed for 2 hours and then concentrated (vacuum). The dark yellow crystalline solid was collected, washed with 


F 
methanol and recrystallised from dry methanol-ether mixture. Methyl 2-aminoquinoxaline-3-carboxylate hydrochioride ot 
(76%) crystallised in light yellow needles, m. p. 188—189° (decomp.) (Found : C, 50-4; H, 4:5; N, 17-9. CypH4»0,N,Cl ! 
requires C, 50-1; H, 4:2; N, 17-5%). The hydrochloride is soluble in methanol but insoluble in ether. A solution of 
the hydrochloride (0-2 g.) in hot methanol (25 c.c.) was treated with hot water (50 c.c.). The solution was heated on 
the steam. bath for 45 minutes. On cooling, the solution deposited long yellow needles (60%) of methyl 2-aminoguin- ag 
oxaline-3-carboxylate which, after recrystallisation from methanol, had m. p. 218—-219°; it contained no halogen (Found : 
C, 58-8; H, 4:4. C,)H,O,N; requires C, 59-1; H, 4-4%). This ester (30 mg.) was hydrolysed by refluxing with methanol 
(3 c.c.) and aqueous 10% potassium hydroxide (2 c.c.) for 1 hour. The concentrated solution was acidified (Congo-red) 
and the 2-aminoquinoxaline-3-carboxylic acid collected and crystallised from aqueous acetic acid; it had m. p. 211° 
(decomp.), unaffected when mixed ‘with the specimen described above. 

2-Hydroxyquinoxaline.—Ethyl glyoxylate (3-8 g.) (Oroshnik and Spoerri, J. Amer. Chem. Soc., 1941, 68, 3338) was 
added to a solution of o-phenylenediamine (2-7 g.) in ethanol (50 c.c.). The reaction mixture became hot and deposited 
solid. When the initial vigorous reaction had abated, the mixture was heated under reflux for 30 minutes, cooled and 
the solid collected and washed with a little alcohol. Sublimation of this solid at 200°/0-5 mm. gave 2-hydroxyquinoxaline 
(57%) as needles, m. p. 271° (Hinsberg, Joc. cit. gives m. p. 265° and Motylewski, Joc. cit., m. p. 269°) (Found : C, 65°5; 
H, 4:6; N, 19-2. Calc. for CgH,ON,: C, 65-75; H, 4-1; N, 19-2%). 

2-Chloroquinoxaline.—(a) 2-Chloroquinoxaline-3-carboxylic acid (1-8 g.) was mixed with glass wool and heated at 
0-1 mm. en the bath temperature attained 160°, a yellow oil distilled and solidified on cooling (0-85 g.), a black 
amorphous mass remaining in the flask. Crystallisation of the distillate from m-pentane gave 2-chlorogutnoxaline in 
slightly yellow coloured clusters of prismatic needles, m. p. 46—47° (Found: C, 58-2; H, 2-9; N, 16-8. C,H,N,Cl 
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squires C, 58-4; H, 3-0; N, 17-0%). (b) 2-Hydroxyquinoxaline (0-7 g.) was heated under reflux with freshly distilled 
hosphorus oxychloride (20 c.c.) for 20 minutes. The solution was concentrated (reduced pressure) and the residual oil 
oured into ice-water. The solid was collected by means of ether, the ethereal solution washed with water, dried (sodium 
Iphate) and the ether removed. Distillation of the residue gave a colourless oil (b. p. 80°/0-5 mm.) setting to a mass of 
eedles which after one crystallisation from n-pentane gave 2-chloroquinoxaline in colourless needles (85%), m. p. 46— 
7°, unchanged when mixed with a specimen prepared by method (a) (Found: C, 58-8; H, 2-8%). (c) 2-Hydroxy- 
yinoxaline-3-carboxylic acid (2 g.) was refluxed with phosphorus oxychloride (30 c.c.) for 30 minutes and the reaction 
nixture treated as described above. 2-Chloroquinoxaline (18%) was obtained in long colourless needles from m-pentane, 
_ p. 46—47°, unchanged when mixed with a specimen prepared by method (a). 2-Chloroquinoxaline is insoluble in 
ater and soluble in common organic solvents. It dissolves readily in 5n hydrochloric acid and in 10N hydrochloric 
id, but in the latter case solution is immediately followed by the separation of a hydrochloride. 
2-Aminoquinoxaline.—(a) 2-Chloroquinoxaline (1-0 g.) was heated in an autoclave for 7 hours at 150° with a dry 
thanolic solution of ammonia (20 c.c., saturated at 0°). The solution was evaporated to dryness (reduced pressure) 
nd the residual solid twice crystallised (charcoal) from water from which the 2-aminoquinoxaline (86%) separated in 
aintly yellow coloured needles, m. p. 155—157°. 2-Aminoquinoxaline is very soluble in methanol and ethanol, but 
pnly sparingly soluble inether. It sublimes rapidly at 130—140°/10-* mm. (Found : C, 66-5; H, 5-0. Calc. forC,H,N;: 
66-2; H, 4*8%). (b) 2-Aminoquinoxaline-3-carboxylic acid (1-0 g.) was heated at 250° for 3 minutes. The acid melted 
with evolution of carbon dioxide. The cooled mass was extracted with boiling water (25 c.c.) and the extract con- 
entrated (charcoal). This deposited 2-aminoquinoxaline (38%) in yellow felted needles, m. p. 155—-157° undepressed 
when mixed with the specimen prepared by method (a). 2-Aminoquinoxaline (0-2 g.) was refluxed with acetic anhydride 
3 c.c.) for 45 minutes. Methanol (5 c.c.} was added and the solution evaporated to dryness. The residual brown 
rystalline mass was twice crystallised from methanol and 2-acetamidoquinoxaline obtained in small colourless needles, 
m. p. 193—194° (Found: C, 64-0; H, 4-9. Calc. for C,jH,ON;: C, 64-2; H, 4-8%). 

Ethyl 2-Ethoxyquinoxaline-3-carboxylate.—A solution of ethyl 2-chloroquinoxaline-3-carboxylate (2 g.) in dry ethanol 

(Il c.c.) was added to a hot solution of sodium ethoxide in ethanol (from 0-2 g. sodium and 25c.c. ethanol). The mixture 

as refluxed for two hours, cooled and filtered. The filtrate was evaporated to a small bulk, diluted with water and 
extracted with ether. The dried extract was evaporated and the residue distilled at 0-01 mm. (bath temp. 180°) yielding 
ethyl 2-ethoxyquinoxaline-3-carboxylate (80%) as a white solid, m. p. 25°. The ester is very soluble in the common organic 
solvents (Found: N, 11-5. C,,;H,,0O,N, requires N, 11-4%). 

2-Ethoxyquinoxaline-3-carboxylic Acid.—(a) A solution of ethyl 2-ethoxyquinoxaline-3-carboxylate (1-0 g.) in ethanol 
(20 c.c.) oa aqueous potassium hydroxide (10%; 2 c.c.) was refluxed for 1 hour. The solution was concentrated, 
diluted with water and acidified (Congo-red) with dilute hydrochloric acid. The crystalline acid separating at 0° was 
collected and recrystallised from aqueous methanol to give 2-ethoxyquinoxaline-3-carboxylic acid (70%) in colourless 
needles, m. p. 120—121° (Found: C, 60°5; H, 4:7; N, 12-4%; equiv., 219. C,,H,,O,N, requires C, 60-55; H, 4-6; 
N, 128%; equiv., 218). 

2-Ethoxyquinoxaline.—(a) 2-Ethoxyquinoxaline-3-carboxylic acid (1-0 g.) was heated to 180° until evolution of 
carbon dioxide ceased. The resulting solid was dissolved in ether, the solution washed with 3n sodium hydroxide and 
dried (sodium sulphate). Removal of the ether followed by crystallisation from n-pentane gave 2-ethoxyquinoxaline 
(94%) in colourless needles, m. p. 56—58° undepressed when mixed with the specimen described below. (b) A solution 
of 2-chloroquinoxaline (1-64 g.) in dry ethanol (25 c.c.) added to a solution of sodium ethoxide in ethanol (from 0-3 g. 
sodium and 25 c.c. ethanol) was heated under reflux for one hour, cooled, and the separated salt removed by filtration. 
The filtrate was evaporated to remove alcohol, diluted with water and the precipitated solid isolated by means of ether. 
One crystallisation of the product from n-pentane gave pure 2-ethoxyquinoxaline (81%) as rosettes of colourless needles, 
m. p. 56—58°. It is very soluble in the common organic solvents (Found: C, 69:2; H, 5-7; N, 15-9. C,H,,ON, 
requires C, 69-0; H, 5-7; N, 16-1%). 

2: 3-Diethoxyquinoxaline.—A solution, of 2 : 3-dichloroquinoxaline (1-99 g.) (Hinsberg and Pollak, Ber., 1896, 29, 784) 

in dry ethanol (30 c.c.) was mixed with a solution of sodium ethoxide in ethanol (from 0-5 g. sodium and 30 c.c. ethanol). 
The mixture was refluxed for 34 hours, cooled and the salt removed by filtration. The filtrate was concentrated, pure 
2: 3-diethoxyquinoxaline (80%) separating as long colourless needles, m. p. 78° (Found: C, 66-0; H, 6-4; N, 12-9. 
CyH,,O,N, requires C, 66:1; H, 6-4; N, 128%). 2: 3-Diethoxyquinoxaline was recovered unchanged after refluxing 
for 1 hour with 0-2N aqueous-ethanolic potassium hydroxide solution. 2: 3-Diethoxyquinoxaline (0-2 g.) in ethanol 
(15 c.c:) was refluxed for 1 hour with hydrochloric acid (d 1-19, 5c.c.). The solution was coneentrated to a bulk of 5c.c., 
diluted with water (10 c.c.) and cooled; 2: 3-dihydroxyquinoxaline, not melting below 350°, separated. It is freely 
soluble in sodium hydroxide solution and is precipitated from this solution on acidification. In 0-1n sodium hydroxide 
it exhibits maxima at 3160 a. (ec = 12,200), 3260 a. (e = 14,400) and 3410 a. (ec = 10,500). Scudi and Silber (J. Biol. 
Chem., 1944, 156, 343) give maxima at 3270 a. (c = 16,800) and 3415 a. (¢ = 10,60Q for 2 : 3-dihydroxyquinoxaline. 
_ 2: 3-Diaminoquinoxaline.—2 : 3-Dichloroquinoxaline (2 g.) was heated for 6 hours at 150° with a solution of ammonia 
in ethanol (30 c.c. saturated at 0°). The solution was evaporated to dryness (reduced pressure) and the residue extracted 
with boiling pyridine (2 x 25 c.c.). After concentration, the extract yielded the diamino-compound (47%) in yellow 
needles, m. p. 328—330° (decomp.) after three recrystallisations from the same solvent (Found: C, 60-2; H, 5-2; N, 
345. Calc. for C,H,N,: C, 60-0; H, 5-0; N, 35-0%). 
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168. The Application of the Hofmann Reaction to the Synthesis of Heterocyclic 
Compounds. Part III. Synthesis of 3-Alkyl-2 : 4-diketo-1 : 2: 3: 4-tetrahydro- 
quinazolines from N-Alkylphthalamides. 


By F. S. Sprinc and J. C. Woops. 


Application of the Hofmann reaction to a number of substituted phthalamides is described. Intramolecular 
reaction to give substituted 2 : 4-dihydroxyquinazolines was not observed in the cases of 4-nitro-, 3-nitro-, and 
4-chloro-phthalamides, the only products isolated being the corresponding substituted anthranilic acids. In 
contrast to this behaviour treatment of N-methylphthalamide and N-ethylphthalamide with alkaline potassium 
hypobromite gives 3-methyl- and 3-ethyl-2 : 4-diketo-1 : 2: 3 : 4-tetrahydroquinazolines respectively. 

A remarkable reactivity of mono-N-alkylphthalamides is recorded. Treatment of phthalimide with excess 
aqueous methylamine or aqueous ethylamine gives NN’-dimethylphthalamide and NN’-diethylphthalamide respect- 
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ively. These changes depend upon the facility with which N-methylphthalamide and N-ethylphthalamide (pre- 
ed by the action of dry alcoholic ammonia upon the corresponding N-alkylphthalimide) are converted into 
-methylphthalimide and N-ethylphthalimide respectively; although the N-monoalkylphthalamides are 
relatively stable to heat treatment in absence of water, when a suspension in water is shaken at room 


temperature, they are quickly decomposed with formation of the corresponding N-alkylphthalimide and 
evolution of ammonia. 


HooGEWERFF and vAN Dorp (Rec. Trav. chim., 1891, 10,4; 1896, 15, 107) obtained 2: 4-dihydroxyquinazoliy 
by the interaction of equimolecular proportions of phthalamide and potassium hypobromite in alkali 
solution. We have investigated the reaction of alkaline potassium hypobromite upon some substitute 
phthalamides. 

When treated with one molecular proportion of potassium hypobromite in alkaline solution, 4-nitrophthal. 
amide gives a mixture of 4- and 5-nitroanthranilic acids; the formation of 6- or 7-nitro-2 : 44 
hydroxyquinazoline was not observed. The behaviour of 4-nitrophthalamide does not correspond to that ¢/ 
phthalamide in similar circumstances, nor does it correspond to that of quinoxaline-2 : 3-dicarboxyamik 
(Baxter and Spring, this vol., p. 229) since treatment of 4-nitrophthalamide with two molecular proportion 
of hypobromite also gives a mixture of 4- and 5-nitroanthranilic acids: Similar treatment of 3-nitrophthal. 
amide and 4-chlorophthalamide gave 6-nitroanthranilic acid and 4-chloroanthranilic acid respectively. 

So far as we are aware, the only example of the application of the Hofmann reaction to a N-monoalky] 
N-monoary] substituted 1 : 2-dicarboxyamide is that described by Hoogewerff and van Dorp (Rec. Trav. chim, 
1890, 9, 42) who treated N-phenylsuccinamide with bromine and potassium hydroxide. After acidification 
with acetic acid an impure N-bromoamide was obtained which when heated with alkali gave 6-(w-pheny! 
ureido)propionic acid. 3-Phenyl-5 : 6-dihydrouracil was not isolated but its formation during the reaction 
sequence. seems probable. We find that N-methylphthalamide and N-ethylphthalamide when treated with 
alkaline potassium hypobromite solution are converted into 3-methyl- and 3-ethyl-2 : 4-diketo-1 : 2: 3:4 
tetrahydroquinazoline respectively. In contrast to the smooth reaction observed in these cases an attempt 
to obtain 3-methy]l-5 : 6-dihydrouracil from N-methylsuccinamide was unsuccessful. 

Some interesting transformations were observed in preparing the N-monosubstituted dicarboxyamide 
required in this investigation. Treatment of succinimide with an excess of aqueous methylamine gave a 
quantitative yield of N-methylsuccinamide. On the other hand, treatment of phthalimide with excess aqueous 
methylamine gave a quantitative yield of NN’-dimethylphthalamide ; using one molecular proportion of aqueous 
methylamine, a mixture of NN’-dimethylphthalamide and unchanged phthalimide was obtained. As an 
alternative approach to N-methylphthalamide, N-methylphthalimide was treated with aqueous ammonia. 
Instead of the required compound, this reaction gave ammonium N-methylphthalamate and thence N-methyl. 
phthalamic acid, which like its ammonium salt decomposes on heating and gives N-methylphthalimide. The 
required N-methylphthalamide was finally obtained by treatment of N-methylphthalimide with dry alcoholic 
ammonia. 

The conversion of phthalimide into NN’-dimethylphthalamide probably involves the following steps: 


CO CO-NHMe O CO-NHMe 
Cn OL ee eee 
ey er Me ——> - 
co” O-NH, 0% O-NHMe 

In partial confirmation of this series of changes it was found that, when shaken with aqueous methylamine, 
N-methylphthalamide is converted into NN‘-dimethylphthalamide and, as expected, similar treatment of 
N-methylphthalimide gives the same product. The unexpected stage in this reaction sequence is the postulated 
cyclisation of N-methylphthalamide at room temperature; an examination of the stability of this compound 
disclosed that this reaction occurs with great facility under certain conditions. N-Methylphthalamide can be 
crystallised from boiling acetone without decomposition. It is also reasonably stable when heated in the dry 
state. If it is maintained for a short time at its melting point, it decomposes smoothly to give N-methyl 
phthalimide. When suspended in water and shaken at room temperature, N-methylphthalamide decomposes 
to yield N-methylphthalimide. The change is rapid and quantitative; it is accompanied by evolution of 
ammonia and an obvious change in crystalline form and it does not appear to be catalysed by traces of acids or 
alkalies, _In contrast to the behaviour of N-methylphthalamide, phthalamide is not changed after prolonged 
shaking with water at room temperature. NN’-Dimethylphthalamide, however, is more akin to N-methyl 
phthalamide; after shaking an aqueous suspension of the former compound for 20 minutes, methylamine cai 
be detected. The reaction is not as rapid as the corresponding reaction of N-methylphthalamide, and the 
complete conversion of NN’-dimethylphthalamide into N-methylphthalimide occurs when its aqueous 
suspension is shaken for 1 hour at 25°. 

An exactly analogous series of reactions was observed in the preparation of the N-ethylphthalamide, and 
NN'-diethylphthalamide. More particularly, simple shaking of an aqueous suspension of N-ethylphthalamide 
at room temperature for 20 minutes gave a quantitative yield of N-ethylphthalimide. 


EXPERIMENTAL. 
(M. 2 uncorrected.) , 
hthalamide.—4-Chlorophthalimide (Rée, Annalen, 1886, 288, 238) (7 g.) was dissolved in aqueous ammonia 
(200 c.c.; d, 0-88) with gentle warming. After standing overnight, the heavy crystalline mass of diamide was collected. 
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nen crystallised from water, 4-chlorophthalamide was obtained in heavy prisms, m. p. 194—196° (decomp.) (yield, 
5%) (Found: C, 48-4; H, 3°56; N, 13-6. C,H,O,N,Cl requires C, 48-4; H,3-5; N,14:1%). When heated for a short 
ime at its melting point, the diamide decomposes to give 4-chlorophthalimide, m. p. and mixed m. p. 209—210°. Crystal- 
‘<ation of the diamide from water should not involve prolonged boiling of the solution since this treatment leads to 
onsiderable decomposition with formation of the imide. 

4- and 5-Nitroanthranilic Acids from 4-Nitrophthalamide.—4-Nitrophthalamide (2-1 g.) was treated with an ice-cold 
olution of potassium hypobromite (28 c.c.; prepared as described in J., 1945, 231) diluted with water (22 c.c.). The 
jiamide dissolved rapidiy with evolution of ammonia. The solution was heated at 80° for 20 minutes and, after cooling 
wcidified with dilute hydrochloric acid. The solid was collected, dried (1-2 g.) and extracted with boiling xylene. The 
nsoluble portion formed a pale yellow solid freely soluble in aqueous bicarbonate with effervescence and when crystal- 
ised from aqueous acetic acid gave 5-nitroanthranilic acid (0-7 g.) as bright yellow felted needles, m. p. 276° (decomp.) 
woth alone and when mixed with an authentic specimen (Found: C, 46-2; H, 3-6; N, 15-6. Calc. for C,H,O,N; : 

46°15; H, 33; N, 15°4%). The acid was further characterised by conversion into 5-nitro-acetylanthranil which formed 
pale yellow needles from acetic anhydride, m. p. 161° (Bogert and Cook, J. Amer. Chem. Soc., 1906, 28, 1451, give m. p. 
161—162° corr.) and thence into 5-nitro-acetylanthranilic acid which formed pale yellow needles from water, m. p. 220° 
(Ullmann and Uzbachian, Ber., 1903, 36, 1797, give m. p. 221°). Evaporation of the xylene extract followed by crystal- 
jisation of the deep orange coloured residue from aqueous alcohol gave 4-nitroanthranilic acid as orange-yellow needles, 
m. p. 269° (0-4 g.) both alone and when mixed with an authentic specimen (Found: C, 46-0; H, 3-3; N, 15-7%). The 
acid was further characterised by conversion into 4-nitro-acetylanthranil which separated as prisms from acetic anhy- 
dride, m. p. 140—141° (Bogert and Seil, J. Amer. Chem. Soc., 1907, 29, 530, give m. p. 137—138° corr.) and thence into 
«nitro-acetylanthranilic acid which formed pale yellow needles from water, m. p. 216—217° (Chapman and Stephen, 
J., 1925, 1791, give m. p. 217°). : . 

Repetition of this ent using two molecular proportions of potassium hypobromite in excess potassium 
hydroxide solution gave a mixture of 4- and 5-nitroanthranilic acids in 90% yield. The ratio 5-nitro-acid : 4-nitro-acid 
was approximately 3: 2. 

6-Nitroanthranilic Acid from 3-Nitrophthalamide.—Using the method described above, treatment of 3-nitrophthal- 
amide with either one or two molecular proportions of potassium hypobromite gave a 30—40% yield of 6- eo-abtihonaiiie 
acid. The product formed yellow needles from alcohol, m. p. 184°, and was characterised by conversion into 6-nitro- 
acetylanthranil which separated in pale yellow needles from acetic anhydride, m. p. 154° (Bogert and Chambers, /. 
Amer. Chem. Soc., 1905, 27, 649 give m. p. 155—156° corr.), and thence into 6-nitro-acetylanthranilic acid which separated 
as prisms from water, m. p. 212° (Bogert and Chambers, /oc. cit., give m. p. 212—214°). 

4-Chloroanthranilic Acid from 4-Chlorophthalamide.—Using the procedure described above, treatment of 4-chloro- 
phthalamide with two molecular proportions of potassium hypobromite in alkaline solution gave a 70% yield of 
4-chloroanthranilic acid; the acid separated in light brown needles from acetic acid, m. p. 235° (Found : C, 48-6; H, 3-5; 
N, 7-9. Calc. for C,H,O,NCI: C, 49-0; H, 3-5; N, 82%). The acid was characterised by conversion into 4-chloro- 
acetylanthranil, pale yellow needles from acetic anhydride, m. p. 144° (Heller and Hessel, J. prakt. Chem., 1928, 120, 
71, give m. p. eg | x. thence into 4-chloro-acetylanthranilic acid, needles from water, m. p. 210° (Heller and Hessel, 
loc. cit. give Mm. p. . . 

N-Methylpht lamic Acid.—N-Methylphthalimide (5 g.) was shaken with aqueous ammonia (d 0-88; 80 c.c.) for 30 
minutes when solution was complete. The clear yellow-green solution was evaporated to dryness under reduced pressure 
and the product crystallised from aqueous alcohol to give ammonium N-methylphthalamate in prismatic needles, m. p. 
118—119° (decomp.), in quantitative amount (Found: C, 55-1; H, 5-9; N, 14-1. C,H,,0,N, requires C, 55-1; H, 6-1: 
N, 143%). The ammonium salt dissolves in cold 3n sodium hydroxide with liberation of ammonia; it is very hygro- 
scopic. This salt was dissolved in the minimum volume of cold water and the solution acidified by the addition 
of cold dilute hydrochloric acid. The precipitated acid was collected and purified by solution in ether, removal of a 
small quantity of undissolved phthalic acid followed by evaporation of the ethereal solution. N-Methylphthalamic 
acid was obtained in prisms, m. p. 134° undepressed when mixed with a specimen prepared by the following method.* 
Phthalic anhydride (3 g.) was treated with aqueous methylamine (33%; 10 c.c.), solution occurring with considerable 
evolution of heat. The solution was cooled and carefully acidified, with cooling, with cold concentrated hydrochloric 
acid. After standing, the crystalline mass was collected and shaken with cold N-sodium hydroxide. The insoluble 
portion was removed and shown to be N-methylphthalimide (m. p. and mixed m.p.). The alkaline solution was cooled 
with ice-water and acidified with concentrated hydrochloric acid. On standing N-methylphthalamic acid separated 
as prisms, m. p. 138°, totally soluble with effervescence in sodium bicarbonate solution (yield, 80%). For analysis the 
acid was repeatedly washed with cold distilled water and dried at room temperature under reduced pressure over potas- 
sium hydroxide (Found : C, 60-2; H, 4-9; N, 7°85. C,H,O,N requires C, 60-3; H, 5-0; N, 78%). When maintained 
at its melting point for 5 minutes, the acid is converted into N-methylphthalimide apd the same change occurred during 
an attempt to recrystallise the acid from acetone. 

N-Methylphthalamide —N-Methylphthalimide (5 g.) was shaken with an alcoholic solution of ammonia (80 c.c. 
saturated at 0°) for 24 hours when solution was complete. After standing at 0° for.2 days, the separated solid was collected 
and crystallised from acetone to give N-methylphthalamide in prismatic needles, m. p. 181° (decomp.). When mixed 
with NN’-dimethylphthalamide the m. p. was depressed. A further amount of the product was obtained by evaporation 
(reduced pressure) of the alcoholic mother liquor; total yield, 90% (Found: C, 60-5; H, 5:6; N, 15-5. C,H,O,N 
requires C, 60-7; H, 5-6; N, 15-7%). ; 

NN’-Dimethylphthalamide.—(a) Powdered phthalimide (50 g.) was shaken with aqueous methylamine (33%; 75 c.c.). 
Solution was complete in ca. 5 minutes and the product began to separate with evolution of heat. When reaction was 
complete the crystalline solid was collected and recrystallised from acetone from which NN’-dimethylphthalamide separated 
in needles, m. p. 185° (decomp.) (yield, 95%) (Found : C, 62-8; H, 6-4; N, 145. Cj H,,0,N, requires C, 62:5; H, 6-25; 
N, 146%). (b) A suspension of N-methylphthalimide (16 g.) in water (50 c.c.) was shaken with aqueous methylamine 
(33%, 16 c.c.) until solution was complete (2 hours). The solution was concentrated under reduced pressure until 
crystallisation commenced. NN ‘-Dimethylphthalamide separated in needles, m. p. 184° (decomp.) either alorie or when 
mixed with the specimen described above (yield, 90%). (c) Powdered N-methylphthalamide (0-5 g.) was shaken at 
room temperature with aqueous methylamine (2 c.c.). After 1 minute the mixture set to a homogeneous stiff paste. 
— 6 minutes the solid was collected and identified as NN’-dimethylphthalamide, m. p. 183—184° (decomp.) (yield, 
nearly quantitative). 

: N-Methylphthalimide.—(a) NN’-Dimethylphthalamide (4 g.) was maintained at 185—190° for 10 minutes; con- 
siderable evolution of methylamine occurred. When cold, the reaction product was crystallised from aqueous alcohol 
giving N-methylphthalimide as fine needles, m. p. 133° (yield, 3 g.) (Found: N, 8-7. Calc. for C,H,O,N: N, 8-7%). 


* The preparation of N-methylphthalamic acid, m. p. 130—135°, is mentioned without detail or analysis by H . 
werff and Van Dorp, Rec. Trav. a.. 1894, 18, 98 (footnote). ee 
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(b) Powdered N-methylphthalamide (1-5 g.) was shaken with distilled water (2 c.c.). The evolution of ammonia y, 
detected after a few minutes and the suspended solid changed into fine needles. After 20 minutes the solid was collectg; 
and shown to be N-methylphthalimide, m. p. and mixed m. p. 133° (yield, nearly quantitative). (c) A suspension q 
powdered NN’-dimethylphtbalamide (1-5 g.) in water (2 c.c.) was shaken at 15°. After a short time the evolution 
methylamine was detected but after 4 hours’ shaking the suspended solid had m. p. 126—170° (decomp.). When the Ny’ 
dimethylphthalamide was shaken with water for 1 hour at 25°, decomposition was complete, the suspended solid the 
forming fine needles, m. p. 132°, undepressed when mixed with N-methylphthalimide. 

N-Ethylphthalamide obtained by the action of dry alcoholic ammonia on N-ethylphthalimide, separated in fiy 
needles from acetone, m. p. 150° (yield, 90%) (Found : C, 62-6; H, 6-2; N, 14:3. C,9H,,0,N, requires C, 62-5; H, 6-25: 
N, 14:6%). 

NIN’ Disthylphthalamide was obtained from phthalimide and aqueous ethylamine as described in method (a) for NN’. 
dimethylphthalamide. It was also obtained by shaking N-ethylphthalimide with aqueous ethylamine. In both case 
the yield was nearly quantitative. NN’-Diethylphthalamide separates from acetone in soft felted needles, m. p. 162~ 
163° (decomp.) (Found: C, 65-8; H, 7-3; N, 12-7. C,,H,,0,N, requires C, 65-5; H, 7-3; N, 12-7%). 

N-Ethylphthalimide.—(a) NN’-Diethylphthalamide was heated for 10 minutes at 170°. The cold reaction produc 
was crystallised from aqueous alcohol from which the imide separated in needles, m. p. 78° (Found: N, 8-0. Cale. for 
C,H,O,N : N, 8-0%). (b) A suspension of powdered N-ethylphthalamide (1 g.) was shaken at room temperature with 
distilled water (2 c.c.) for 20 minutes. Ammonia was evolved and the form of the solid changed to a mass of felted 
needles, m. p. 78° undepressed when mixed with N-ethylphthalimide. 

3-Methyl-2 : 4-diketo-1 : 2: 3 : 4-tetrahydroquinazoline.—A solution of potassium hypobromite (28 c.c., prepared a 
described in this vol., p. 231) was diluted with water (22 c.c:) and added to N-methylphthalamide (1-78 g.). The diami 
dissolved immediately with considerable evolution of heat and the mixture was heated at 80° for 15 minutes and cooled, 
The solution was saturated with carbon dioxide and the flocculent precipitate collected and crystallised twice from alcoho 
to give 3-methyl-2 : 4-diketo-1 : 2 : 3 : 4-tetrahydroquinazoline in fine felted needles, m. p. 236—238°, in 45% yield 
It is insoluble in acid but soluble in 3n alkali, the solution showing a blue fluorescence [Bogert and Scatchard, J. Amer, 
Chem. Soc., 1919, 41, 2062, give m. p. 237—-238° (corr.) for this compound] (Found: C, 61-6; H, 4-8; N, 15-9. Cale. for 
C,H,O,N,: C, 61-4; H, 4:55; N, 15-9%). 

3-Ethyl-2 : 4-diketo-1 : 2 : 3 : 4-tetrahydroquinazoline was obtained by similar treatment of N-ethylphthalamide. | 
. separates from — alcohol as needles, m. p. 196° (yield, 53%). Stewart (J. prakt. Chem., 1894, [2], 49, 318) give 
m. p. 195—196° (Found : C, 63-4; H, 5-3; N, 14-5. Calc. for CygH,O,N,: C, 63-2; H, 5-3; N, 14:7%). 

N-Methylsuccinamide.—Succinimide (10 g.) was shaken with aqueous methylamine (25 c.c.; 33%) until solution 
was complete. On standing, the solution deposited a crystalline solid (13 g.) which was collected and recrystallised 
from alcohol to give N-methylsuccinamide in prisms, m. p. 159—161° (Found: C, 46-3; H, 8-0; N, 21-7. C,;H,,0,), 
requires C, 46-15; H, 7-7; N, 215%). The N-methylamide melts without obvious decomposition. After maintaining 
a specimen at its m. p. for 15 minutes, the m. p. of the product was 110—130°. When heated at 200° for 4 hours, 
N-methylsuccinamide gave a small sublimate of N-methylsuccinimide, m. p. 68—70° (Wheeler, Amer. Chem. J., 1900, 2%, 
148, gives m. p. 68—70°). 


We are indebted to Imperial Chemical Industries, Ltd. (Dyestuffs Division), for the gift of several chemicals. 
THE UNIVERSITY, MANCHESTER. [Received July 18th, 1945.} 
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Naphtha-\’ : 2’: 4: 5-selenazoles. By Epwarp B. Knorr. 


Tue author (this vol., p. 455) has described the condensation of thiourea with $-bromo-f-aroylpropionic acids and ¥ all th 
B-bromo-f-benzoylisobutyric acid, the resulting 2-amino-4-phenylthiazole derivatives being cyclised to derivatives of J dilute 


Ni 





4’-hydroxynaphtha-1’ : 2’: 4: 5-thiazole. These syntheses have now been applied to the selenazole series. The p 
R’ acetot 

m ’ B 
HO,C CHR (HBs HO,C-CHR’ ) Se R” Se hes 
CO Y H, a HAc ~~ 
R R R\ } alcoh 
(I.) (II.) (III.) ty 
Selenourea condensed smoothly with £-bromo-f-benzoylpropionic acid, the 4-methyl derivative, and f-bromo-f- 2. 


benzoylisobutyric acid in the presence of sodium carbonate to yield 2-amino-4-phenylselenazole-5-acetic acid (1; RB, Hi trom 
R’ = H), the 4’-methyl homologue (I; R = Me; R’ = H), and a-5-(2-amino-4-phenylselenazole) propionic acid (1; R = H; HH on o: 
R’ = Me). All three acids were readily cyclised with acetic anhydride, giving 2-acetamido-4’-acetoxynaphtha-1’ : 2’ : 4: 5- HM 935° 
selenazole (II; R, R’ = H, R” = Ac) and the 6’- and 3’-methyl homologues (II; R = Me, R’ = H, R” = Ac, and S 
R = H, R’ = Me, R” = Ac). Hydrolysis of (II; R, R‘’=H; R” = Ac) in warm aqueous sodium hydroxide yielded J |jsati 
2-acetamido-4'-hydroxynaphtha-1’ : 2’ : 4 : 5-selenazole (II; R, R, R” = H), isolated as its dihydrochloride. The amino- HH was ; 
phenol obtained by more energetic hydrolysis was easily oxidised on contact with air and readily reduced aqueous silver I meth 
nitrate. Methylation of (I1; R, R’, R” = H) yielded two products which, by analogy with the results of Hunter and brigh 
Jones (J., 1930, 2199, etc.), are probably 2-imino-4’-methoxy-3-methyl-2 : 3-dihydronaphtha-V’ : 2’ : 4 : 5-selenazole Hi }95° 


(III; R = H) and its acetyl derivative (III; R = Ac). 4 
Experimental.—(Microanalyses are by Drs. Weiler and Strauss, Oxford. M. p.’s are not corrected.) 2-Amino-+- Hj dnit 
phenylselenazole-5-acetic Acid.—Selenourea (2-46 g., 0-02 mol.) was dissolved by refluxing in alcohol (20 c.c.) ;_B-bromo-f- V 


benzoylpropionic acid (5-14 g.; 0-02 mol.) was added, and the mixture boiled for 10 minutes. Anhydrous sodium cat- J neeg 
bonate (3-0 g.) was added, and the heating continued for 5 minutes; carbon dioxide evolution had then ceased, and 2 i aceto 
mass of crystals had separated. Water (50 c.c.) was added to dissolve these. The solution was then filtered from 4 9 {form 
little selenium and neutralised with dilute acetic acid. The bulky pink precipitate recrystallised from aqueous a!cohol, by tl 
in which it is sparingly soluble, forming glistening needles, which commenced to decompose at 196° aed had m. p. 253° H need 


(95% yield) (Found : C, 46-9; H. 3-5; N, 9-85. C,H 0,N,Se requires C, 47-0; H, 3-55; N, 9-95%). . acid, 
4’-Methyl derivative. This formed buff plates from aqueous alcohol, m. p. 246 (decomp.), in 91% yield (Found: 
N, 9-45. C,,H,,0,N,Se requires N, 9-5%). fract 


a-5-(2-A mino-4-phenylselenazole) propionic Acid.—By proceeding as for the above, the acid was obtained in 87% yield as & itr, 
colourless crystals from aqueous isopropyl alcohol, m. p. 250° (decomp.) (Found : N, 9-4. C,,H,,0,N,Se requires N, 9°5%): May 
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9-Acetamido-4’-acetoxynaphtha-1’ : 2’ : 4: 5-selenazole—(I; R, R’ = H) (2 g.), anhydrous sodium acetate (0-5 g.), 
nd acetic anhydride (10 c.c.) were refluxed for 2 hours, causing partial precipitation of the product. The anhydride 
vas decomposed with water, and the orange grains washed with methyl alcohol, leaving a yellow solid which was crystal- 
sed from alcohol (300 c.c.). It formed glistening lemon plates (85% yield), which began to decompose at 260° and had 
5 p- 290° (Found : N, 7-9. C,,;H,,0,; eoe r uires N, 8-0%). 
9-Acetamido-4*-acetoxy-6’-methylnaphtha-\’ : 2’ : 4 : 5-selenazole, obtained in a similar way from (I; R = Me; R’ = H), 
ormed buff plates from alcohol, m. p. 295° (Found: N, 7-8. C,gH,,O,;N,Se rejuires N, 7-75%). 
2-Acetamido-4’-acetoxy-3’-methylnaphtha-\’ : 2’ : 4 : 5-selenazole was prepared similarly from (I; R= H; R’ = Me), 
but 10 minutes’ refluxing sufficed for complete reaction. From acetic anhydride, it formed glistening pink plates, m. p. 
D92-294° (Found: N, 7-65. C,,H,,0,;N,S requires N, 7-75%). 
Hydrolysis of (II; R, R’ =H; R” = Ac).—(a) The cyclisation product (2 g.) was dissolved by gentle warming 
n n-aqueous-alcoholic sodium hydroxide and acidified. The free naphthol could not be obtained crystalline, but 
mn dissolving it in alcohol and adding concentrated hydrochloric acid, pink needles of 2-acetamid»-4’-hydroxy- 
aphtha-\’ : 2’: 4: 5-selenazole dihydrochloride separated, which decomposed above 300° (Found: N, 7-4; Cl, 17-6. 
134 202N,Cl,Se requires N, 7-4; Cl, 17-9%). 
(b) The naphthaselenazole was refluxed for 1 hour with 2N-aqueous sodium hydroxide (5 mols.) in an equal volume of 
sicohol. The ee was concentrated, and neutralised with acetic acid, giving a yellow solid which darkened on exposure 
air. It could not be crystallised. It reduces aqueous silver nitrate readily and is probably 2-amino-4’-hydroxy- 
aphtha-1’ : 2’: 4 : 5-selenazole. 


bi 
R = Ac) (Found: N, 8-5. C.4H,,0,N,Se requires N, 8-3%). 
filtrate from the first recrystallisation gave a buff solid on concentration (2-9 g.). From benzene then methanol it formed 
small, colourless, silky needles, m. p. 202°, and was probably 2-imino-4’-methoxy-3-methyl-2 : 3-dihydronaphtha-\’ : 2’: 4: 5- 
jenazole (III; R = H) (Found: N, 9-5. C,;H,,ON,Se requires N, 9-6%). . When these crystals were covered with 
dilute hydrochloric acid, they turned to an oil which dissolved on shaking.— RESEARCH LABORATORIES, KopaK LTD., 


WEALDSTONE, MIDDLESEX. [Received, April 11th, 1945.] 





The Nitration of 3-Acetamidoacetophenone. By WILLtaM A. WATERS. 


StuprEs of the nitration of m-substituted aromatic amines have been few, and there are not many recorded instances 
of the isolation and characterisation of all three possible o- and p-substituted nitro-amines. In the case of 3-acetamido- 
acetophenone it has been possible to effect the separation of the three possible nitro-m-amino-ketones and to characterise 
each by conversion into previously known substances. 

4-Nitro-3-aminoacetophenone crystallises in red plates, m. p. 163°; it was characterised by deamination to 4-nitro- 
acetophenone. 6-Nitro-3-aminoacetophenone is bright yellow (m. p. 150°), and the 2-nitro-isomer orange-brown; these 
two bases were characterised by conversion into chloro-nitro-acetophenones, which on oxidation with sodium hypo- 
bromite or with alkaline permanganate gave known chloronitrobenzoic acids. 

3-Acetamidoacetophenone was prepared from acetophenone by nitration according to Evans, Watson, and Morgan 
(J., 1935, 1172), reduction of the pure m-nitro-compound with iron chippings (compare Morgan and Moss, J. Soc. Chem. 
Ind., 1923, 42, 461 T), and then acetylation. 

Nitration was carried out by adding powdered 3-acetamidoacetophenone (20 g.) slowly to a stirred mixture of fuming 
nitric acid (20 c.c.; d 1-5) and acetic anhydride (40 c.c.) kept at 5—10°. The stirring was continued for 10 minutes after 
all the material had dissolved, and the product was then isolated by pouring on ice, filtering it off, and washing it with 
dilute sodium carbonate solution. Decomposition set in if the temperature of the reaction mixture rose above + 15°. 
The product was dissolved in 1 1. of boiling water, filtered, and allowed to cool slowly. Long needles of 2 nitro-3-acetamido- 
acetophenone separated first, but later the solution became cloudy and a mixture of other isomers was also deposited. 
By reheating and filtering it whilst still warm, the 2-nitro-isomer could be separated (ca. 6 g.). After crystallisation 
from dilute alcohol it formed long pale yellow needles, m. p. 165° (Found: C, 54-2; H, 5-1; N, 13-1. CyoH,O,N, 
requires C, 54-05; H, 4-5; N, 12-6%).. p 

2-Nitvo-3-aminoacetophenone, obtained by hydrolysis with alcoholic sulphuric acid, crystallised from dilute methyl 
alcohol in orange-brown needles, m. p. 92° (Found: C, 53-1; H, 4-8; N, 15-3. C,H,O,N, requires C, 53-3; H, 4-5; 
N, 15-6%), and its benzoyl derivative crystallised from ethyl alcohol in needles, m. p. 128° (Found: C, 63-5; H, 4-4; N, 
10-1. C,s5H,,0,N, requires C, 63-4; H, 4:3; N, 9-9%). 

2-Nitro-3-aminoacetophenone was converted by the Sandmeyer reaction into 3-chloro-2-nitroacetophenone, which, 

from alcohol, formed pale orange plates, m. p. 97° (Found: C, 48-1; H, 3-1. C,H,O,NCI requires C, 48-1; H, 3-0%); 
on oxidation with sodium hypobromite, or with alkaline permanganate, this gave 3-chloro-2-nitrobenzoic acid, m. p. 
236° (Beilstein gives 235°) (Found: equiv., 202. Calc.: 201-5). 
_ Separation of the more soluble isomers of 2-nitro-3-acetamidoacetophenone could not be effected easily by crystal- 
lisation, but by extraction of the aqueous mother-liquors with chloroform, evaporation, and subsequent hydrolysis there 
was obtained a mixture of bases from which 4-nitro-3-aminoacetophenone (ca. 6 g.) was isolated. This crystallised from 
methyl alcohol in bright red plates, m. p. 163° (Found: C, 53-8; H, 4-7; N, 15-7%); its acetyl derivative formed short 
bright yellow needles, m. p. 121° (Found : C, 54-3; H, 4-8; N, 12-7%), and its benzoyl derivative, orange needles, m. p. 
125° (Found: C, 63-4; H, 4:3%). 

4-Nitro-3-aminoacetophenone was characterised by deamination (by diazotisation in alcohol) and isolation of 
+nitroacetophenone, m. P and mixed m. p. with an authentic specimen, 80—81°. 

Mother-liquors from the crystallisation of 4-nitro-3-aminoacetophenone deposited a small quantity of bright yellow 
needles, which, after repeated tallisation from dilute methyl alcohol had m. p. 150° and consisted of 6-nitro-3-amino- 
acetophenone (Found : C, 53-3; H, 4-8; N, 15-2%). This crystallised well from dilute acetic acid. Its acetyl derivative 
formed short fine needles, m. p. 150° (Found: C, 54-0; H, 4-7; N, 12-8%). The amine was characterised by conversion, 
by the Sandmeyer reaction, into 3-chloro-6-nitroacetophenone, which crystallised from dilute methyl alcohol in pale yellow 
needles, m, p. 62° (Found : C, 48-3; H, 33%); this on oxidation with sodium hypobromite gave 3-chloro-6-nitrobenzoic 
acid, m. p. 137—138° (Beilstein gives 137°, 139°). 

Further quantities of 6-nitro- and of 4-nitro-3-aminoacetophenone could be separated by hydrolysis of the middle 
fractions of the acetyl derivatives and subsequent repeated crystallisation, but a complete separation of the whole of the 
nitration mixture into pure substances was not effected.—UNiveErsiTy ScIENCE LABORATORIES, DuRHAM. [Received, 
May 16th, 1945.] 
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169. Chemotherapeutic Agents of the Sulphone Type. Part I. Sulphones 
containing a p-Aminophenyl Group. 
By JAMEs WALKER. 


A number of sulphones containing the p-aminophenyl group have been synthesised by (a) reaction between 
sodium p-acetamidobenzenesulphinate and aliphatic halogen compounds, and (b) addition of p-acetamidobenzene- 
sulphinic acid to quinones, followed, in each case, by deacetylation. The products derived from quinones showed 
high in vitro activity against a variety of pathogenic bacteria, and, im vivo, local application in mice disclosed 
marked activity against infection with an organism of the gas gangrene group. 


In the development of antibacterial chemotherapy during the past decade much effort has been directed to. 
wards the study of substituted sulphanilamides, and only sporadic attempts have been made to develop drug 
of the sulphone type, although it was early shown by Buttle e¢ al. (Lancet, 1937, i, 1331) that 4 : 4’-diamino. 
diphenylsulphone (I) was highly active but too toxic for practical application. With few exceptions (¢.,, 
Buttle et al., Biochem. J., 1938, 32, 1101; Fourneau ef al., Compt. rend. Soc. Biol., 1938, 127, 393; Roblin et al., 
J. Amer. Chem. Soc., 1941, 68, 1930; Henkel, Z. Immunitatsforsch., 1943, 104, 403; Burton and Hoggarth, 
this vol., p. 14; Bambas, J. Amer. Chem. Soc., 1945, 67, 668, 671) most of the work on sulphones has been 
directed towards rendering (I) less toxic by suitable masking of the amino-groups as in promin, tibatin, and 
diasone. The present work started from an orientating experiment carried out to compare the in vitro anti- 
bacterial activity of p-aminophenylsulphonylmethane (II) * with sulphanilamide, the former standing in the 
same relationship to methane as does the latter to ammonia. Subsequently, compounds were examined which, 
except (VII) and (VIII), were derived from (II) by introduction of electronegative substituents into the methyl 
group with the object of increasing acidity, or which owed acidic properties to a phenolic hydroxyl group in 
‘ close proximity to the sulphone group. 


















Condensation between sodium p-acetamidobenzenesulphinate and chloroacetic acid, chloroacetone, chloro- jm /" © 
acetonitrile, and §-diethylaminoethyl chloride hydrochloride furnished, respectively, p-acetamidophenyl- the } 
sulphonyl-acetic acid, -acetone, and -acetonitrile, and {-diethylamino-a-p-acetamidophenylsulphonylethan., 2-9 ( 
from which, on acid hydrolysis, p-aminophenylsulphonylacetic acid (III), p-aminophenylsulphonyl-aceton ¥ ™* 
(IV), -acetonitrile (V), and 6-diethylamino-a-p-aminophenylsulphonylethane hydrochloride (VII) were obtained, jm *4 
respectively. Condensation with y-diethylaminopropyl chloride hydrochloride and subsequent hydrolysis the | 
afforded y-diethylamino-a-p-aminophenylsulphonylpropane sulphate (VIII). p-Aminophenylsulphonylacetamidine 
hydrochloride (V1) was prepared from the nitrile (V) via the imino-ether hydrochloride. The Hinsberg J -SO. 
addition of sulphinic acids to quinones was applied with p-acetamidobenzenesulphinic acid to benzo-, tolu-, the | 
chloro-, and p-xylo-quinone, with the production of 2-p’-acetamidophenylsulphonylquinol, 4(?)-p’-acetamido- J to t! 
phenylsulphonyltoluquinol, 5-chloro-2( ?)-p’-acetamidophenylsulphonylquinol, and 3-p’-acetamidophenylsulphonyl- and 
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Minimal inhibiting concentrations in mg. of drug per 100 c.c. of nutrient broth. PK, 
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(V1) -CH,C(NH,):NH,}Cl 20 250 70 1500 1500 —s a 
(VII) ~-CH;-CH,-NEt,H}Cl 400 >1000 _ 800 >1000 800 en on the 
(IX) . —C,H,(OH), (2° 5) 0-5 10 3 7 30 5 2 3 acti 
(X) —C,H,Me(OH), (4: 2: 5) 15 — 7 — —_ wie 0-5 15 (XI 
t(XI) -C,H,Cl(OH), (4 : 2 : 5) 20 _ 5 oe sag <5 5 3 1, 
Reference compounds. he 
Sulphanilamide 100 >750 50 100 75 715 a > — 
Sulphathiazole 15 >100 5 10 5 5 2 15 qui 
(XIII) Ph-SO,-C,H,(OH), (1 : 2: 5) 5 10 >20 me a 100 iat ee rec 
. (XIV) C,H,Me-SO,°C,H,(OH), (1: 2: 5) 5 15 >20 sss ow 40 anh keri “a 
4 * Tests in this column were kindly carried out by Dr. H. Schiitze (Lister Institute). act 
¢ In these compounds, for tabulation purposes only, the point of attachment of the arylsulphonyl group is regarded th 
as position 1. re 
p-xyloquinol, respectively. With each of the two unsymmetrical quinones the orientation of the product wh 
y is ambiguous and the constitutions assigned are tentative, but the considerations applicable to the Thiele toc 
* Apart from (I), (VIII), and (XII), formule are given in the tables. (Vv; 
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acetylation of quinones (Erdtman, Proc. Roy. Soc., 1934, 143, A, 177) are valid in the present reaction. 
Deacetylation afforded 2-p’-aminophenylsulphonylquinol (IX), 4( ?)-p’-aminophenylsulphonyltoluquinol (X), 
5-chloro-2( ?)-p’-aminophenylsulphonylquinol (XI), and 3-p’-aminophenylsulphonyl-p-xyloquinol (XII). With 
increasing substitution in the quinol nucleus the solubility in water of the free amino-compounds rapidly 
jminished. 
‘ With the exception of (VIII), which was not tested against bacteria, and (XII), which was extremely 
insoluble in culture media, the in vitro antibacterial activities of the compounds are recorded in Table I. The 
activity of (II) was comparable with that of sulphanilamide, and none of the compounds (IIT), (IV), (V), (VI), 
and (VII) showed greater activity, although four of these six were somewhat more active than sulphanilamide 
agairist hemolytic streptococci. It had been hoped that the behaviour of (IV) and (V) in particular would 
be of theoretical interest in relation to experiments by Cowles (Yale J. Biol. Med., 1941—2, 14, 599), 
Brueckner (ibid., 1943, 15, 813) and Bell and Roblin (J. Amer. Chem. Soc., 1942, 64, 2905), which have shown 
that among sulphonamides activity increases as the pK, values approach the pH of the culture media used, 


TABLE II. 


pK, Values of NHK SOR. 


R. pkg. 
(XV) -NH, 10-4 * (II) ~Me 
(XVI) —NH-COMe 5-4 * (IV) 
(XVII) -~NH-CN 2-9 * (V) 


* From Bell and Roblin (loc. cit.). ¢t Present. paper. 


In sulphanilamide (XV) the introduction of the N1-acetyl substituent in sulphanilylacetamide (XVI) reduced 
the pK, from 10-4 to 5-4, and similar introduction of the cyano-group (XVII) reduced the pK, from 10-4 to 
29 (Table II). Introduction of the acetyl group into (II) afforded a product (IV) whose pK, was measurable 
in aqueous solution ; the corresponding introduction of the cyano-group, however, did not give a still stronger 
acid but a slightly weaker one (V). Since cyano- is more electronegative than acetyl, the explanation for 
the order of the acid strengths of (IV) and (V) lies in the stabilisation of the anion of (IV) by resonance, 


- ! ; 
-SO0,-CH-C-CH, == -SO,-CH=C-CHs, whereas similar stabilisation is absent from the anion of (V), while 


the anions of the analogous nitrogen compounds, (XVI) and (XVII), are both capable of resonance leading 
to the greater separation of the pK, values. In p-tolylsulphonylacetone, which is analogous to (IV), Arndt 
and Martius (Amnalen, 1932, 499, 280) found no evidence for the presence of the enol form with bromine or 
ferric chloride, although diazomethane gave the enol ether fairly readily. The broader significance of the 
above comparison of ammonia and methane derivatives becomes clear when one considers that one strongly 
electronegative group introduced into ammonia will give a weak acid with pK, about 10 (e.g., cyanamide, 
pK, 9:7; sulphanilamide, pK, 10-4), whereas two such negative groups must be introduced into methane 
to give a weak acid of comparable strength [e.g., malononitrile, pK, ca. 10; (V) (above), pK, 10-6), while 
a second strongly negative group introduced into ammonia gives very strong acids with pK,’s of the order 
of 1—3 [e.g., dicyanamide; sulphanilylcyanamide (XVII), pK, 2-9; N*-sulphanilylsulphanilamide, pK, 2-9; 
N1-ethanesulphonylsulphanilamide, pK, 3-1], and a third negative group must be introduced into methane 
to produce very strong acids (Madelung and Kern, Amnalen, 1922, 427, 1). As a result, it can be seen that 
conditions are favourable with sulphanilamide in that a wide selection of negative groups of varying strengths 
is available to give acids whose pK, values are spread over the significant range between 10 and 2, and that 
a study comparable in scope to that of Bell and Roblin (/oc. cit.) in the sulphanilamide series is impracticable 
among methane types. 

High antibacterial activity was encountered among the quinol derivatives (IX), (X), and (XI) (Table I). 
These substances would be expected to show some of'the properties of phenolic antiseptics as well as those of 
the “ sulphonamide ”’ type of drug, and, to assess the contribution of the former type of action to the total 
activity observed in vitro, 2-phenyl- (XIII) (Hinsberg, Ber., 1894, 27, 3259) and 2-p-tolylsulphonylquinol 
(XIV) were prepared as reference compounds. Comparing (IX) with (XIII) and (XIV), we note that the 
p’-amino-group has produced a 10-fold increase in activity against hemolytic streptococci and a rather greater 
increase in activity against B. coli. Since Caius et al. (Indian J. Med. Res., 1927—8, 15, 117) have shown 
quinol to be the most active of a large number of phenolic compounds against plague bacilli in vitro, Table I 
records the results of tests against mouse plague and a virulent human strain, (X) being the most active of the 
substances tested. Buttle et al. (Biochem. J., 1938, 82, 1106) found (IX) to have less that 1/1000th of the 
activity of (I) in streptococcal infection in mice but gave no indication of its toxicity. Dr. M. van den Ende and 
the late Miss Dora Lush found (IX) to have a very low chronic toxicity for mice when administered in the food. 
Dr. F. Hawking kindly reported that the compound had a marked effect, but less than that of sulphathiazole, 
when administered locally to mice infected with Cl. septicum, and also that the solubility of the compound was 
too low for a single intraperitoneal dose to cause toxic symptoms in mice. Dr. Ann Bishop kindly tested (VII), 
(VIII), and (IX) in P. relictum infection of canaries btit no activity was detected. 
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EXPERIMENTAL. 


Sodium p-acetamidobenzenesulphinate was prepared by neutralising the free acid (Org. Synth., Coll. Vol. I, 7) to pH} 
with sodium hydroxide. The granular solid obtained on evaporation to dryness under reduced pressure on the water. 
bath was finely ground, and dried over concentrated sulphuric acid in a vacuum. The water content of the hydra, 
(Found, on different batches: loss at 110° in a vacuum, 10-7, 13-1. C,H,O,;NSNa,1}H,O requires H,O, 10-9 
C,H,O,NSNa,2H,0 requires H,O, 14-3%) was allowed for in the following experiments. ' 

p-A minophenylsulphonylmethane (I1).—See following paper for preparation. 

p-Acetamidophenylsulphonylacetic Acid.—Chloroacetic acid (14-2 g.) was neutralised with n-sodium hydroxide, anj 
the solution evaporated to dryness on the water-bath with sodium p-acetamidobenzenesulphinate (37-2 g.). The acig 
{32 g.), liberated by hydrochloric acid, separated from water in colourless plates, m. p. 216—217° (Found: C, 465: 
H, 4:1. CyH,,0O,NS requires C, 46-7; H, 4-3%). Since this work was completed more than 3 years ago this compounj 
thas been mentioned in B.P. 563,558; no analysis is given, and the m. p.’s recorded (196—200° and 202—204°) are much 
Jower than that now found. 

p-Aminophenylsulphonylacetic Acid (III).—The acetyl derivative (3-55 g.) was hydrolysed by refluxing with 12% 
aqueous hydrochloric acid (30 c.c.) for } hour. The product (2-3 g.), precipitated at about pH 3, separated from wate 
in colourless plates, m. p. 164—165° (efferv.) (Found: C, 45-0; H, 4-2. Calc. for CsH,O,NS: C, 44-7; H, 4-29) 
B.P. 563,558 records m. p. 162—164°. ’ 

p-Acetamidophenylsulphonylacetone.—Sodium p-acetamidobenzenesulphinate (15-4 g.) and freshly distilled chloro. 
acetone (4-8 c.c.) were refluxed in 90% alcohol (100 c.c.) for 7 hours. The alcohol was then distilled off and replaced by 
water, the syrupy product (11-4 g.) then rapidly crystallising. The substance separated from 30% aqueous alcohol in 
colourless leaflets, m. p. 91—92° (Found : C, 50-6; H, 5-2; lossat 100° ina vacuum, 2-5. Found, on anhydrous material: 
C, 51-9; H, 5-0. C,,H,,;0,NS,}H,O requires C, 50-6; H, 5-2; H,O, 23%. C,,H,,;0,NS requires C, 51-8; H, 5-1%). 

p-Aminophenylsulphonylacetone (IV).—The acetyl derivative (11-3 g.) was hydrolysed in the usual way, and the 
product (7-2 g.) separated from water in colourless rectangular prisms, m. p. 131—132° (Found: C, 50-9; H, 5-2. C,yH,,0,NS 
requires C, 50-7; H, 51%). 

p-Acetamidophenylsulphonylacetonitrile.—A solution of chloroacetonitrile (13-3 g.) and sodium p-acetamidobenzene- 
sulphinate (35 g.) in 75% aqueous alcohol (70 c.c.) was refluxed for 17 hours (a shorter time would have sufficed). The 
’ product (31 g.) was collected after addition of water, and separated from 20% aqueous pyridine in fine colourless needles, 
which were very sparingly soluble in water and the lower alcohols; m. p. 263—-264° (Found: C, 50-9; H, 4-3; N, 11-7, 
Calc. for CygHyO3N,S : C, 50-4; H, 4-2; N,11-8%). B.P. 563,558 records m. p. 260—262°, a correct analysis for sulphur, 
and an erroneous molecular formula. 

p-Aminophenylsulphonylacetonitrile (V).—The acetyl derivative (23-8 g.) was refluxed with 3n-hydrochloric acid 
(250 c.c.) and spirit (50 c.c.) until solution took place (40 minutes). The solution was diluted with water and neutralised 
to about pH 6 with ammonia, a crystalline precipitate (17 g.) then separating. The substance crystallised from 20%, 
aqueous alcohol in colourless hexagonal plates, m. p. 122—123° (Found: C, 49-2; H, 4-1. C,H,O,N,S requires C, 49-0; 
H, 41%). ‘ 

p-A minophenylsulphonylacetamidine Hydrochloride (V1).—A solution of the preceding nitrile (8 g.) in dioxan (40 c.c.) 
and alcohol (10 c.c.) was saturated with dry hydrogen chloride at 0°, and the mixture kept in the refrigerator for 14 days. 
Solvent and excess of hydrogen chloride were thoroughly removed in a vacuum at room temperature, and the residue 
was set aside at 37° with 10% alcoholic ammonia solution (100 c.c.) for 5 days. The solution was filtered from ammon- 
ium chloride and evaporated to dryness. The residue (8-9 g.) was dissolved in water with the addition of a few drops of 
2n-hydrochloric acid to give an incipient acid reaction to Congo-red, decolorised with norit, and recovered by evaporation 
to dryness. The hydrochloride separated from about 7 parts of water in colourless, flattened bipyramids, which darkened 
and decomposed at about 265° (Found: C, 38-7; H, 4:8; N, 16-8. C,H,,0,N,S,HCl requires C, 38-5; H, 4-8; N, 
16-8%). 

B-Diethylamino-a-p-acetamidophenylsulphonylethane.—Sodium /-acetamidobenzenesulphinate (10-28 g.) and f- 
diethylaminoethyl chloride hydrochloride (6-9 g.) were refluxed in aqueous solution (60 c.c.) for 5 hours. The reaction 
mixture was cooled, rendered strongly alkaline with sodium hydroxide, and shaken with a small volume of ether. The 
solid (5-6 g.) which separated at the interface was collected. The base separated from 25% aqueous alcohol in colourless 
prisms, m. p. 94—96° (Found : loss at 100° in a high vacuum, 6-1. Found, on anhydrous material: C, 56-4; H, 6-9. 
C,,4H,,0,N,5,H,O requires H,O, 5°7%. C4,H,03N,S requires C, 56-4; H, 7-4%). The water of crystallisation was also 
lost in a vacuum desiccator over concentrated sulphuric acid, and the anhydrous substance was hygroscopic. This 
compound is mentioned in F.P. 800,535 but not characterised in any way. 

B-Diethylamino-a-p-aminophenylsulphonylethane Hydrocholride (VII).—The acetyl derivative (4-45 g.) was hydrolysed 
in the usual way and the product was extracted with benzene from the reaction mixture after it had been rendered strongly 
alkaline with sodium hydroxide. The benzene solution was dried, concentrated to 50 c.c., and treated with dry hydrogen 
chloride. The precipitated hydrochloride separated from isopropyl alcohol in colourless, rectangular plates, m. p. 186° 
(Found: C, 49-3; H, 7-0; Cl, 12-2. C,,H.»O,N,S,HCI requires C, 49-2; H, 7-2; Cl, 12-1%). 

y-Diethylaminopropyl Alcohol.—The following preparations of the alcohol and the corresponding chloride are sub- 
stantial improvements over those of Magidson and Strukow (Arch. Pharm., 1933, 271, 572). Trimethylene chlorohydria 
(43-6 g., 1 mol.), diethylamine (95 c.c., 2 mols.), and methyl alcohol (3 c.c.) were mixed, kept at room temperature for 48 
hours, and then heated under reflux for 16 hours on the water-bath. The product was then isolated as described by 
Magidsoh and Strukow. The crude product (54-7 g.) was fractionated, and the fraction (48-3 g.), b. p. 85—88°/28 mm., 
collected. , 

y-Diethylaminopropyl Chloride.—The conditions used previously (Walker, J., 1940, 690) were employed. The crude 
chloride hydrochloride was dissolved in water and strongly basified with sodium hydroxide. The crude chloride, 
extracted with ether, was fractionated, and the fraction (47-8 g.), b. p. 65—70°/15 mm., collected (Found: Cl, 23-1. Cale. 
for C,H,,NCl: Cl, 237%). The free base may be preserved without appreciable change in the ice-chest for several 
months. . 

y-Diethylamino-a-p-aminophenylsulphonylpropane Sulphate (VIII).—y-Diethylaminopropyl chloride (10 g.) was 
neutralised to bromocresol-purple with n-hydrochloric acid, and the solution refluxed with sodium p-acetamidobenzene- 
sulphinate (18 g.) for 12 hours. The product, liberated by addition of excess of sodium hydroxide and extracted with 
benzene, was recovered as a syrup (16 g.); it was immediately hydrolysed with 12% hydrochloric acid in the usual way, 
and the deacetylated base (11-6 g.) recovered with ether. The hydrochloride could not be crystallised, but the su/phate, 
obtained by neutralising the base in aqueous alcohol to pH 6 with — acid and evaporation, separated from spirit 1 
colourless plates, m. p. 200° [Found : C, 49-2; H, 7-4. (C,3;H,,0,N,S),,H,SO, requires C, 48-9; H, 7-2%]. , 

2-p’-A cetamidophenylsulphonylquinol.—Benzoquinone (4-32 g.) was dissolved in hot water (100 c.c.) and treated with 
a warm solution of sodium p-acetamidobenzenesulphinate (10-3 g.) in water (70 c.c.) containing n-hydrochloric acid 
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41 c.c.). The colour of the quinone was rapidly discharged, and the product was precipitated as a pink granular solid. 
After about 15 minutes on the water-bath the mixture was cooled, and the product (12-1 g.) collected and dried. 
Recrystallisation from 40% aqueous alcohol in the presence of a trace of sodium hyposulphite (Na,S,O,) afforded colourless 
prisms, M. p. 273° (Found: C, 54-3; H, 4-4. Calc. for C,,H,,0,NS: C, 54:7; H, 4-2%). Buttle et al. (Biochem. J., 
938, $2, 1108) record m. p. 282° (corr.). 

2-p’-Aminophenylsulphonylquinol (IX).—The acetyl derivative (10 g.) was hydrolysed by refluxing with 16% hydro- 
hloric acid (140 c.c.) for? hour. The product (8-1 g.), precipitated on neutralisation with sodium bicarbonate, separated 
from 30% aqueous alcohol containing traces of sodium hyposulphite in colourless prisms, m. p. 176—177° (Found : 
, 543; H, 4:3. Calc. for C,,H,,0O,NS: C, 54:3; H, 4:-2%). Buttle et al. (loc. cit.) record m. p. 180°. 

4(?)-p’-A cetamidophenylsulphonyltoluquinol.—Toluquinone (4-1 g.) and p-acetamidobenzenesulphinic acid (from 
B-6 g. of sodium salt and 35 c.c. of n-hydrochloric acid) were condensed in aqueous solution in the manner described 
above for benzoquinone. The product (9-74 g.) separated from 30% aqueous alcohol (hyposulphite) in colourless, 
ectangular plates, m. p. 237—-239° (Found: C, 56-2; H, 4-9. C,,H,,0,NS requires C, 56-1; H, 47%). 

4(?)-p’-A minophenylsulphonyltoluquinol (X).—The acetyl derivative (7 g.), hydrolysed in the usual way, afforded the 
amino-compound (5-8 g.), which separated from 40% aqueous alcohol (hyposulphite) in short, stout, colourless prisms, 

. p. 187—188° (Found: C, 56-0; H, 4-9. C,,H,,0,NS requires C, 55-9; H, 4:7%). : 

5-Chioro-2( ?)-p’-acetamidophenylsulphonylquinol.—Chloroquinone was obtained in good yield from chloroquinol 
(Levy and Schultz, Annalen, 1881, 210, 138) by oxidation with sodium chlorate (cf. benzoquinone, Org. Synth., 16, 
73), and purified by vacuum sublimation and recrystallisation from aqueous alcohol. Chloroquinone (4-3 g.) was con- 
densed with p-acetamidobenzenesulphinic acid under the conditions used for p-xyloquinone (below), and the quinol 
(9-2 g.) separated from aqueous alcohol in colourless microscopic prisms, m. p. 258—261° (decomp.) (Found: C, 49-4; 
H, 3-4. C,4H,,0,;NSCI requires C, 49-2; H, 3-5%). : 

5-Chloro-2( ?)-p’-aminophenylsulphonylquinol (XI).—The acetyl derivative (5-14 g.) was hydrolysed with 16% 
hydrochloric acid, and the amino-quinol (3-76 g.), liberated by neutralisation with sodium bicarbonate, separated from 
25% aqueous alcohol (hyposulphite) in small stout colourless prisms, m. p. 191° (Found : C, 48-3; H, 3-4. Cy,HO,NSCI 
requires C, 48-1; H, 3-3%). “ 

3-p’-A cetamidophenylsulphonyl-p-xyloquinol.—p-Xyloquinone (3-4 g.) in warm 60% aqueous alcohol (80 c.c.) was 
condensed with an aqueous solution of p-acetamidobenzenesulphinic acid (from 6-7 g. of the sodium salt, 15 c.c. of water, 
and 35 c.c. of N-hydrochloric acid). The product rapidly separated from a pink solution. Much of the alcohol was 
distilled away after about an hour on the water-bath, and the guinol (7-88 g.) was collected. It separated from 60% 
= ogg 51%) in colourless hexagonal plates, m. p. 246—247° (Found: C, 57-1; H, 5-1. C,sH,,O,NS requires C, 
57: ; ,vo ‘o) + 

3-p’-A minophenylsulphonyl-p-xyloquinol (X1I).—Hydrolysis with aqueous acid was not feasible, but the following 
procedure was successful. The acetyl derivative (2-83 g.) was refluxed with aqueous-alcoholic hydrochloric acid (24 
c.c, alcohol : 16 c.c. concentrated acid) foran hour. The product (2-35 g.), obtained on dilution with water and neutralis- 
ation with sodium bicarbonate, separated from 25% aqueous alcohol (hyposulphite) in stellate clusters of colourless, 
lance-shaped needles, m. p. 198—199° (Found : C, 57-1; H, 5-0. C,,H,,0,NS requires C, 57-3; H, 5-1%). 

2-p-Tolylsulphonylquinol (XIV).—This compound was precipitated in quantitative yield on mixing warm concen- 
trated aqueous solutions of p-toluenesulphinic acid and benzoquinone in equimolecular proportion. It separated from 
aqueous alcohol in short, stout, colourless prisms, m. p. 211—212° (Found: C, 59-2; H, 4-7. Calc. for C43H,,0,S : 
C, 591; H, 45%). Borsche and Frank (Annalen, 1926, 450, 75) record m. p. 211° for a product obtained from p-toluene- 
sulphonhydrazide and benzoquinone. : 

pK, Values.—Approximate pK, values were estimated by dissolving accurately weighed amounts of the various 
compounds in glass-redistilled water with warming and, after cooling to room temperature, adding the calculated volume 
of n/10-sodium hydroxide solution required for 50% neutralisation, the pH’s then being measured at once with the glass 
electrode. To assess the accuracy of the method it was first applied to a number of sulphonamides which have been 
carefully examined by Bell and Roblin (Joc. cit.) and whose figures are quoted in parentheses after those obtained by the 
present method : sulphanilamide, 10-56 (10-43); sulphadiazine, 6-47 (6-48); sulphadimethylpyrimidine, 7-43 (7-37) ; 
sulphanilylacetamide 5-4 (5-38). The following pK, values were found for compounds described in the present paper : 
(If), 28; (IV), 10-2; (V), 10-6; (IX), 8-4. The alkaline solutions of (IX) rapidly became reddish-brown, but a control 
experiment showed that the rate of uptake of oxygen in a buffered (pH 8-5) solution from an atmosphere of pure oxygen 
was not sufficiently high to interfere with the pK, estimation in air. 


The author is grateful to those colleagues mentioned in the text for their co-operation, and in particular to Dr. A. T. 
Fuller for carrying out numerous in vitro antibacterial tests. e 
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Related to Benzamidine and Benzylamine. 


By A. T. Furrer, (Miss) I. M. Tonkin, and James WALKER. 


Marked antibacterial activity was observed in p-methylsulphonylbenzamidine (II) and further examination 
showed this property to be shared by the lower p-alkylsulphonyl-benzamidines and -benzylamines. When 
the functional groups occupied the m-positions, activity was greatly reduced, and the structural requirements 
for high activity are that the compounds should conform to the type 


R‘SO, R’R”-NH, 


where R may be a small alkyl group (or an amino-group), and R’, R” may be an imino-group, or two hydrogen 
atoms, or one hydrogen atom and one methyl group, such that basic powers are not impaired. Seventeen amidine 
and six amine types have been investigated. , 


p-SULPHONAMIDOBENZAMIDINE hydrochloride (I) was claimed (Boots Pure Drug Co., Levene and Pyman, 
BP, 544,836/1942) to be an antibacterial agent of the ‘‘ sulphonamide ”’ type, and it has been shown to possess 
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chemotherapeutic activity in experimental typhus infections (Andrewes, King, van den Ende, and Walker 
Lancet, 1944, i, 777; Andrewes, King, and Walker, Proc. Roy. Soc., B, in the press). In the course of studying 
the relationship between antirickettsial activity and chemical constitution, and as an extension of the wor 
described in the preceding paper, p-methylsulphonylbenzamidine hydrochloride (11) was synthesised, but the 
replacement of the —SO,*NH, group of (I) by the —SO,°CH, group in (IT) abolished antirickettsial action; 
at the same time, however, antibacterial activity was markedly enhanced (Evans, Fuller, and Walker, Lancet, 
1944, ii, 523) and the present paper describes the further investigation of the latter feature. 


NH,}Cl NH,}Cl 
. “ae . Va II 
(I) NH,SO, a CH, 80K Ka. (II.) 


The first four members (II), (III), (IV) and (V) of the homologous series of p-alkylsulphonylbenzamiding 
and the requisite nitriles were synthesised by orthodox reactions. Condensation of benzyl chloride, chlor. 
acetone, and chloroacetamide with sodium -cyanobenzenesulphinate afforded nitriles from which the 
respective amidines (V1), (VII), and (VIII) were subsequently obtained, and chloroacetonitrile afforded a dinitril 
leading to the diamidine (IX). p-Phenylsulphonylbenzamide afforded the nitrile from which the amidine () 
was obtained. The use of p-methylsulphonylbenzmethylamide (KXIV; R = CO-NHMe) for the preparation 
of N-methylated derivatives of (II) was not satisfactory, since a side reaction took place during iminochlorid 
formation which consumed phosphorus pentachloride, although the N-methyl derivative (XI) of (II) was 
obtained by this route; the use of thionyl chloride (v. Braun and Pinkernelle, Ber., 1934, 67, 1218) was aly 
unsatisfactory. Reaction of p-methylsulphonylbenzimino-ether hydrochloride [X XIV; R = C(OEt)-NH,}Ci, 
however, with dimethylamine and y-diethylaminopropylamine readily afforded the as.-dimethyl (XII) 
and the y-diethylaminopropyl (XIII) derivative of (II) respectively. No satisfactory crystalline salt 
was obtained from the corresponding 8-diethylamino-«-methylbutyl derivative of (II). Reaction of the 
imino-ether hydrochloride with an excess of methylamine gave a product consisting largely of the s.-dimethyl 
derivative (XIV) of (II), indicating a facile interchange of radicals in the amidine group, but the monomethy] 
derivative (XI) resulted in good yield when little more than one molecular proportion of methylamine was 
used. A further N-substituted derivative of (II) studied was p-methylsulphonylbenzamidoxime hydrochloride 
(XV). p-Methylthiobenzamidine hydrochloride (XVI) was also prepared and the m-isomerides (XVII) and 
(XVIII) of (II) and (III) were obtained from the appropriate nitriles. In certain cases where crystallisation 
of hydrochlorides proved difficult through excessive solubility, it was found that, with amidines unsubstituted 
in the amidine group, double decomposition with sodium benzoate afforded much less soluble benzoates, ¢.g,, 
(V); it is noteworthy that Pinner obtained the sparingly soluble benzoate of benzamidine in 1884 (Ber., 11, 
2005) but failed to identify it until some years later (Ber., 1890, 28, 2936), and it seems probable that the low 
solubility of the salt may have been responsible for the delayed recognition of its constitution. 


NH,;SO, H,‘NH,}Cl CH;SOX CH,'NH,}Cl CH,SOX R 
(XIX.) (XX.) (XXIV.) 


Since the biological results obtained with (II) recalled features shown by p-sulphonamidobenzylamine 
hydrochloride (XIX), the German drug “‘ Marfanil,”” the appropriate nitriles were hydrogenated in the presence 
of Raney nickel to give the two isomeric pairs of benzylamines which were isolated as hydrochlorides : (XX), 
(XXI), (XXII) and (XXIII). After this work had been completed, a paper by Jensen and Schmith (Z. physiol. 
Chem., 1944, 280, 35) came to hand in which (XX) is mentioned as having been prepared by a different route 
but the m. p. recorded (265°) is not in good agreement with that observed in the present work (280°). Homo- 
logation of p-methylsulphonylbenzylamine hydrochloride (XX) was undertaken in two further ways. Redu- 
tion of p-methylsulphonylbenzonitrile (XXIV; R = CN) by Stephen’s method (J., 1925, 127, 1874) gave the 
aldehyde (XXIV; R = CHO) which was converted through the cinnamic acid (XXIV; R = CH:CH'‘C O,H) 
and §-phenylpropionic acid (KXIV; R = CH,°CH,°CO,H) into §-p-methylsulphonylphenylethylamine hydro- 
chloride (KXV), using Naegeli’s technique (Helv. Chim. Acta, 1929, 12, 227) at the last stage. The isomeric 
a-p-methylsulphonylphenylethylamine hydrochloride (KXVI) was prepared by applying Leuckart’s reaction 
as modified by Ingersoll et al. (J. Amer. Chem. Soc., 1936, 58, 1808) to p-methylsulphonylacetophenone (XXIV; 
R = COMe), which was obtained in very high yield by introducing the chloride of p-methylsulphonyl- 
benzoic acid (KXIV; R = CO,H) into ethyl malonate by Lund’s method (Ber., 1934, 67, 935) and submitting 
the resulting acylmalonic ester to acid hydrolysis. An attempt to prepare the ketone (KXIV; R = COME) 
directly from the nitrile (KXIV; R = CN) and methylmagnesium iodide failed, since it was necessary to use 
hot benzene to dissolve the nitrile in a volume of convenient bulk and, at the temperature employed, the 
anticipated side reaction of the Grignard reagent (cf. Kohler and Potter, J. Amer. Chem. Soc., 1935, 57, 1316) at 
the methylsulphonyl group preponderated and the nitrile was largely recovered unchanged. 

The in vitro antibacterial titres of the compounds, recorded in the table, show that, with the exception of 
(XX) against Ps. pyocyanea, activity against the Gram-negative test organisms was generally low or absent, 
a property shared by other antibacterial chemotherapeutic drugs. Marked activity, however, was found against 
the Gram-positive organisms of the hemolytic streptococcal and clostridial types although, again with the 
exception of (XX), pronounced activity was not shown against Staph. aureus. High antibacterial activity 
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Antibacterial activity in vitro. 
Minimal inhibiting concentrations in mg. of drug 
per 100 c.c. of culture medium. 
Gram-positive. 
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was found to be-a markedly specific property of the lower homologues of the p-series of alkylsulphonylbenz- 
amidines and the corresponding benzylamines. In the amidine series activity against streptococci and Cl. 
welchii fell progressively as the homologous series was ascended from methyl to butyl, (II) —— (V), and a 
similar trend was discernible in the benzylamines, (XX) and (XXI). In contrast, it should be noted that anti- 
bacterial chemotherapeutic activity in p-alkylsulphonylanilines, p-R-SO,-C,H,-NH,, has been shown to rise 
toa maximum at R = n-propyl (Fourneau, Tréfouél, Tréfouél, Nitti, and Bovet, Compt. rend. Soc. Biol., 1938, 
127, 393) and a similar feature (maximum at n-hexyl) has been demonstrated in the antiseptic powers of, the 
homologous 4-alkylresorcinols (Leonard, J. Amer. Med. Assoc., 1924, 88, 2005). The only sulphide (XVI) 
examined showed miarked activity against the Gram-positive test organisms and was the most active of the 
amidines against Staph. aureus. When the p-orientation of (II) was altered to the m-orientation in (XVII) 
activity against hemolytic streptococci and Cl. welchii was reduced about 1000-fold, and a similar ratio was 
found between the activities of the p- (XX) and m- (XXII) isomeric benzylamines. The reduction in the anti- 
bacterial activity of the p-substituted benzylamines in blood has been discussed previously (Evans, Fuller, 
and Walker, loc. cit.), and these compounds have recently been the subject of enzyme experiments [(XX) and 
marfanil, Dr. H. Blaschko and Mrs. R. Duthie, private communication; marfanil, Beyer and Govier, Science, 
1945, 101, 150], although it is not permissible to invoke amine oxidase as being responsible for the effect in 
blood since its presence therein has not been recognised ; it should be noted, however, that the activity of (X XVI), 
which could not function as a substrate for amine oxidase, is only diminished to one-half in blood. The anti- 
bacterial activity of the compounds described in this paper is not inhibited by,p-aminobenzoic acid and there- 
fore their mode of action, like their spectrum of activity, is distinct from that of the group of drugs popularly, 
though irrationally, known as the “ sulphonamides.” It is apparent from the constitutions of the active com- 
pounds that the structural requirements for high activity are that the functional substituents should be in the 
p-position and that the formulz should conform to the type p-R-SO,°C,H,-CR’R’’-NH,, where R should not be 
too large, e.g., Me or Et in the present work, although there may be some specificity with larger groups, as shown 
by comparing the antistreptococcal activities of (VII) and (VIII) with R = CH,-CO-CH, and R = CH,°CO-NH, 
Tespectively, and R’, R” may be the imino-group as in (II); of two hydrogen atoms as in (XX), or a hydrogen 
atom and a methyl group as in (X XVI), which is still moderately active. In these cases the pronounced basic 
properties of the amidines and non-aromatic primary amines are not impaired, but the reduction in basicity 
occasioned when R’, R” = :NOH in the amidoxime (XV) is accompanied by a marked diminution in anti- 
bacterial activity. In marfanil (KIX), where R = NH,, the substitution of R = NHMe also affords an active 
substance, but the incorporation of heterocyclic radicals which gave such a fillip to drugs of the “ sulphon- 
amide ’’ type increases toxicity in marfanil (Bergeim and Braker, J. Amer. Chem. Soc., 1944, 66, 1459; Hamre 
et al., Proc. Soc. Exp. Biol. Med., 1944, 55, 170). Goldacre (Nature, 1944, 154, 796) has measured the pK 
Values of marfanil but the evidence he adduces is insufficient to support the title of his communication as the 
mode of action ” of the drug. Lawrence (J. Bact., 1945, 49, 149) has compared the antibacterial activities 
of marfanil (XIX), and its a- and @-p-sulphonamidophenylethylamine homologues, and his observations 
parallel the results obtained with the analogous compounds (XX), (X XVI), and (KX XV) in the present work. 
An account has already been given of the action of (II), (XX), and marfanil in experimental gas gangrene. 
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in guinea pigs (Evans, Fuller, and Walker, Joc. cit.), and a further communication will describe a similar study 
of tetanus in mice and in guinea pigs. Routine antimalarial tests were carried out as described beloy, 
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but the activity encountered was not of a high order and the most active compound (II) possessed a considerably ( = 
lower degree of activity tian sulphadiazine which was used as the standard prophylactic drug. The authonfil colven 


are indebted to Dr. C. H. Andrewes, F.R.S., for testing representative compounds (marked * in the table) jp 
experimental typhus infections but no activity was found. Dr. J. D. Fulton kindly tested (I), (II), (IX), 
(XIX), and (XX) in hamsters heavily infected with an Indian strain of leishmaniasis but no activity wa 
detected. The writers are indebted to Dr. Ann Bishop who found (II) to be inactive against P. relictum iy 
the canary, and to Prof. W. H. Tytler who found (II) to be only slightly active against tubercle bacilli in vity 
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reflux¢ 
EXPERIMENTAL. g2—9: 
p-Methylsulphonylaniline (XXIV;. R = NH,).—(i) Acetanilide (200 g.) was treated with chlorosulphonic acij —— 
(Org. Synth., Coll. Vol. I, 8), and the resulting sulphonyl chloride reduced with sodium sulphite (ibid., p. 7). At the slight 
end of the reduction the turbid reaction mixture was left overnight in the refrigerator, and the inorganic salts which fm &" a 
separated were removed by filtration before precipitation of the acetamidobenzenesulphinic acid with cold 60% sulphuric pon 
acid. (The precipitation should be accelerated by scratching; otherwise some deacetylation takes place in the super. ty 
saturated solution, giving a higher-melting product in poorer yield.) The product was collected, washed well with ice. ag 
water, and dried in a vacuum over concentrated sulphuric acid; m. p. sharp and in the range 151—155° (yield, 210 g), The | 
The damp acid may be used at once for-the next stage. 1 prism: 
(ii) The crude acid was suspended in water and neutralised to pH 7 with sodium hydroxide (in a total volume of P- 
750 c.c. at the end of the neutralisation). Alcohol (500 c.c.) and methyl iodide (120 c.c.) were added, and the mixtur am "7° 
refluxed for 5—10 hours (5 hours minimal). The excess of methyl iodide and the alcohol were then distilled off. Any i ™ the 
iodine colour was discharged by addition of small crystals of sodium thiosulphate. When the solution had been con. 59-2; 
centrated to about one-third of its bulk it was cooled, and the product separated, washed with water, and dried. The = 
p-methylsulphonylacetanilide need not be purified at this stage ; however, it separates from water in colourless prisms, fe 2°" 
m. p. 185—186° (Child and Smiles, J., 1926, 2699, record m. p. 183°). tanec 
(iii) The crude acetyl derivative from (ii) was refluxed with 1 1. of 5n-hydrochloric acid for 4—1 hour, and the product, solati 
liberated by rendering the mixture alkaline, was collected, and crystallised from water, the pure amine (120—125 ¢) ope 
separating in fine colourless prisms, m. p. 133—134° (lit. 133°). -- a: 
p-Methylsulphonylbenzonitrile (XXIV; R = CN).—The preceding amine (200 g.) was warmed with concentrated 507; 
hydrochloric acid (245 c.c.) and water (530 c.c.) until it dissolved. The mixture was then cooled in ice, and the hydro- P 
chloride separated as a thick slush. A solution of sodium nitrite (81 g.) in water (200 c.c.) was added slowly with stirring — 
and cooling in a freezing mixture until an immediate reaction to starch-iodide paper was shown. The cold orange sy 
suspension was then poured in a thin stream into a solution of sodium cyanide (280 g.) and hydrated nickel chloride p a 
(270 g.) in water (1800 c.c.), which was stirred and heated in a basin of boiling water. When all the diazo-solution pe 
had been added, heating was continued for 10—15 minutes, and the mixture was then cooled to room temperature, 7 
and the dark brown solid collected and drained thoroughly on the filter. The solid was extracted with acetone, the = 
extract filtered from insoluble inorganic material, and the solid recovered by evaporation. Recrystallisation from water “ 
(norit) afforded a buff-coloured crystalline solid (140—150 g.), m. p. 140°, of adequate purity for subsequent amidine ath 
formation. The pure compound crystallised in colourless needles, m. p. 141° (Found: C, 52-9; H, 4-0; N, 7-7. C,H,0,NS 216° 
requires C, 53-0; H, 3-9; N, 7-7%). 53-8 
p-Methylsulphonylbenzamidine Hydrochloride (11)—A number of batches (e.g., 5 x 50 g.) were run simultaneously 9.00 
and bulked after digestion with ammonia. The preceding nitrile (50 g.) was suspended in absolute alcohol (50 c.c.) and d 
chloroform (300 c.c.) and the mixture, cooled in melting ice, was saturated with dry hydrogen chloride. On keeping in “8 
the refrigerator for 4—7 days, with daily gentle agitation, a homogeneous light brown solution resulted which frequently a: 
deposited copious amounts of the crystalline imino-ether hydrochloride but occasionally remained supersaturated. HL 
Solvent _ excess of hydrogen chloride were exhaustively removed in a vacuum at room temperature, and when the . 
imino-ether hydrochloride had been obtained as a dry granular powder it was transferred to a pressure bottle and set th 
aside with 10% alcoholic ammonia solution (400 c.c.) at 37° for 4—6 days. At the end of the digestion the heavy crystal- r . 
line solid, consisting of free amidine base, its hydrochloride, and some ammonium chloride, was bulked (from 5 batches) on a 
the filter, ground, and air dried. The mother-liquors were evaporated to dryness, and the total solids suspended in 43: 


water (4—5 1.); hydrochloric acid was cautiously added to neutralise all the free amidine and to produce a permanent 
incipient acid r ction to Congo-red. The solution, separated from a small amount of insoluble, flocculent material 
(mainly crude nitrile), was decolorised in the cold with norit and concentrated on the water-bath in a vacuum to small 
bulk (ca. 400 c.c.) and cooled, the heavy colourless crop of amidine hydrochloride then being collected and drained 
thoroughly. Further quantities were obtained by further concentration of the mother-liquors and the final mother- 
liquors contained ammonium chloride and practically no amidine hydrochloride. The hydrochloride separated from 1} 
times its own weight of water in heavy, well-developed colourless prisms, m. p. 294°, with slight softening about 250— 
260° (change in crystal form?) (Found : C, 40-6; H, 4-9; N, 11°9; Cl, 15-1. C,H,.O,N,S,HCl requires C, 40-9 ; H, 4-7; N, 11-9; 
Cl, 15-1%). The yield of pure product was approximately 78%, i.c., weight for weight the same as the nitrile used. 
The solubility of the hydrochloride in water at room temperature was about 10%, and the pH of a 1% solution was 6. 

The benzoate, precipitated by mixing aqueous solutions of the above hydrochloride and sodium benzoate, separated 
from water in colourless rectangular plates, m. p. 240—241° (efferv.) (Found: C, 56-1; H, 5-0; N, 846. 
C,H,,0,N,S,C,H,O, requires C, 56-2; H, 5-0; N, 8-7%); its solubility in water was only 1-3% at room temperature 
and 10-6% at the b. p. 

p-Cyanobenzenesulphinic Acid.—The following modification of the method described by Andrewes, King, and Walker 
(loc. cit.) afforded improved yields. p-Cyanobenzenesulphonyl chloride (122-3 g.) (Remsen, Hartman, and Muckenfuss, 
Amer. Chem. J., 1896, 18, 156) was reduced at room temperature with sodium sulphite heptahydrate (375 g.) in water 
(775 6). the pH being maintained at approximately 8 throughout. The solution, filtered from a small quantity of solid, 
was chilled in the refrigerator for 18 hours, and ice-water added in sufficient amount to dissolve salts which had separated. 
Acidification with 60% sulphuric acid afforded a copious precipitate of needles of the sulphinic acid, which was collected, 
resuspended in ice-water (120 c.c.), again collected, and dried (yield 88-7 g.; 87-4%), m. p. 128—129°. The acid required 
the calculated volume of standard sodium hydroxide solution for neutralisation to pH 7-0, and the sodium salt (98 ¢.) 
was recovered by evaporating the aqueous solution to dryness in a vacuum on the water-bath. 

p-Ethylsulphonylbenzonitrile—Sodium -cyanobenzenesulphinate (13-6 g.) and excess of ethyl iodide (15 cc) 
were refluxed in 60% alcohol (30 c.c.) for 16 hours. The alcohol was removed by distillation, and water was added along 
with a crystal of sodium thiosulphate to remove traces of free iodine. The resulting oil rapidly crystallised, and the 
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norit), and recovered (13-5 g.) by evaporation to dryness. 

colourless prisms, m. p. 246—247° (Found: C, 43-6; H, 5-4; N, 11-3. C,H,,0,N,S,HCl requires C, 43-5; H, 5-2; N, 
3%). 

p-dllylsulphonylbenzonitrile —Sodium p-cyanobenzenesulphinate (6-3 g.) and excess of allyl bromide (8 c.c.) were 

refluxed in 70% alcohol (20 c.c.) for 4 hours. The nitrile (6-9 g.) separated from spirit in large colourless columns, m. p. 

g2—93° (Found : C, 57-7; H, 4-4. C, ,H,O,NS requires C, 58-0; H, 4-3%). 

p-n-Propylsulphonylbenzonitrile—The’above allyl derivative (11-95 g.) was hydrogenated in ethyl acetate under 
slight pressure (12” of water) in presence of 2% palladised strontium carbonate (5 g.). The theoretical volume of hydro- 
en was absorbed in about 4 hour. The catalyst was collected, and the nitrile separated from spirit in large colourless 
prisms (10-2 g.), m. p. 84—85° (Found : C, 57-5; H, 5-4. C4 9H,,0,NS requires C, 57-4; H, 5-3%). 

p-n-Propylsulphonylbenzamidine Hydrochloride (IV).—The preceding nitrile (9-94 g.) was treated in precisely the 
same manner as the ethyl homologue, 6 days being given for imino-ether formation and 5 days for the amidine stage. 
The hydrochloride (11°5 g.) separated from its own weight of water, or from rather more absolute alcohol, in colourless 
prisms, m. p. 215—216° (Found: GC, 45-8; H, 5-7; N, 10-6. C, 9H,,0,N,S,HCI requires C, 45-7; H, 5-7; N, 10-7%). 

p-n-Butylsulphonylbenzonitrile—Sodium p-cyanobenzenesulphinate (9-7 g.) and excess of n-butyl bromide (10 c.c.) 
were refluxed in a mixture of n-propyl alcohol (40 c.c.) and water (10 c.c.) for 14 hours. The nitrile (8-3 g.), isolated 
in the usual way, separated from 75% aqueous methyl alcohol in large, thin, colourless plates, m. p. 75—76° (Found: C, 
69-2; H, 5-5. C,,H,,0,NS requires C, 59-2; H, 5-8%). 

p-n-Butylsulphonylbenzamidine Benzoate (V).—The preceding nitrile (8-25 g.) was submitted to amidine formation 
precisely as described above, and the resulting amidine hydrochloride was obtained as a syrup which crystallised spon- 
taneously but could not be satisfactorily recrystallised from a solvent. An aqueous solution, treated with an aqueous 
solution of sodium benzoate (5-5 g.), afforded the sparingly soluble benzoate (9 g.). This salt had the peculiar property of 
separating from a colourless solution in 20 times its weight of water either in pale yellow plates, m. p. 224—-225° (efferv.), 
or in fine Song ig needles, m. p. 227° (efferv.) (Found: C, 59-3; H, 5-9; N, 7-6. C,,H,,0,N,S,C,H,O, requires C, 
59-7; H, 6-1; N, 7-7%). 

5: Denghasiphoenteneiatirtis.— Quien p-cyanobenzenesulphinate (6-3 g.) and excess of benzyl chloride (5-5 c.c.) 
were refluxed in 90% alcohol (32 c.c.) for 9 hours. The nitrile (7-3 g.) separated from glacial acetic acid in colourless, 
nacreous plates, m. p. 194—195° (Found : C, 65-3; H, 4-4; N, 5-5. C,,H,,O,NS requires C, 65-4; H, 4-3; N, 5-4%). 

p-Benzylsulphonylbenzamidine Hydrochloride (V1).—The preceding nitrile (12-2 g.) was converted into the imino- 
ether hydrochloride in absolute alcohol (30 c.c.) and chloroform (150 c.c.). When the imino-ether hydrochloride, freed 
from solvent and excess of hydrogen chloride, was digested for 10 days at 37° with saturated alcoholic ammonia 
(120 c.c.), a heavy crystalline solid separated. This was collected, and the mother-liquors were evaporated to dryness. 
The combined product was dissolved in water with addition of a slight excess of hydrochloric acid, filtered from traces of 
amorphous flocculent material, decolorised with norit, and recovered by evaporation to dryness in a vacuum on the water- 
bath. The residue (13-6 g.) separated from 1} times its weight of water in stout colourless prisms (9-8 g.), m. p. 215— 
216° with slight softening (loss of water?) at ca. 140° (Found: loss at 110°/vac., 5-0. Found, on dried material: C, 
ree H, 5-2; N, 8-9. C,,H,,0,N,S,HCl,H,O requires H,O, 54%. C,,H,,0,N,S,HCl requires C, 54-2; H, 48; N, 
0%). 

p-Cyanophenylsulphonylacetone.—Sodium -cyanobenzenesulphinate (12-6 g.) and freshly distilled chloroacetone 
(6-5 c.c.) were refluxed for 84 hours in a mixture of spirit (70 c.c.) and water (10 c.c.). The product (12 g.) separated from 
a. — in colourless needles, m. p. 112—113° (Found: C, 53-4; H, 4-0; N, 63. C, 9H,O,NS requires C, 53-8; 

» 40; N, 63%). 

p-Acetesistipleniphonytbonsmuidine Hydrochloride (V11).—The preceding nitrile was converted into the amidine in 
the usual way. The clear solution, obtained at the end of the treatment with alcoholic ammonia, was evaporated to 
dryness, and the hydrochloride, which was very soluble in water, methyl and ethyl alcohols, separated from isopropyl 
alcohol in fine colourless needles, m. p. 193—194° (Found: C, 43-5; H, 4:5; N, 10-3. Cy, 9H,,0,N,S,HCl requires C, 
43-4; H, 4:7; N, 10-1%). 

p-Cyanophenylsulphonylacetamide.—Sodium p-cyanobenzenesulphinate (10 g.) and chloroacetamide (5 g.) were 
refluxed for 10 hours in spirit (45 c.c.). The product (8-2 g.) separated from a largewolume of 20% aqueous alcohol in 
fine, colourless needles, m. p. 204° (Found: C, 48-5; H, 3-6; N, 12-3. C,H,O,N,S requires C, 48-2; H, 3-6; N, 12-5%). 

p-Carbamidomethylsulphonylbenzamidine Hydrochloride (V1I1).—The preceding nitrile (7-5 g.), suspended in chloro- 
form (120 c.c.) and alcohol (10 c.c.), was treated with hydrogen chloride in the usual way. It slowly reacted during 29 
days in the refrigerator and crystals of a different habit separated. The imino-ether hydrochloride, isolated in the usual 
way, dissolved readily in saturated alcoholic ammonia (100 c.c.) and heavy crystals separated during 10 days’ keeping at 
37°. The solid and residue from the ammoniacal mother-liquors were dissolved in water, treated with norit, and 
recovered (9-6 g.) by evaporation to dryness in a vacuum. The hydrochloride separated from its own weight of water in 
colourless prisms which effloresced on drying, m. p. 235—-236° (decomp.) (Found: loss at 100°/vac., 3-4. Found, on 
oe oe aay 39-0; H, 4:7; N, 14-7. C,H,,0,N,S,HC1,$H,O requires H,O, 3-1%. C,yH,,0,N,S,HCI requires C, 

"8; H, 4-7; N, 15-1%). 

5 -Cyramadihcnylondipkon ptecctonttrite.—Godiem p-cyanobenzenesulphinate (12-6 g.) and chloroacetonitrile (6 g.) were 
tefluxed for 12 hours in 90% alcohol (27 c.c.). The dinitrile (11-2 g.) separated from methyl alcohol in clusters of colourless 
Prisms, m. p. 142—143° (Found : C, 52-5; H, 2-8; N, 13-6. C,yH,O,N,S requires C, 52-4; H, 2-9; N, 13-6%). f 

p-Guanylmethylsulphonylbenzamidine Dihydrochloride (IX).—A suspension of the preceding dinitrile (11-2 g.) in 
absolute alcohol (40 c.c.) and chloroform (150 c.c.) was saturated with hydrogen-chloride and kept in the refrigerator for 
13 days, a copious separation of the di-imino-ether hydrochloride taking place. Solvent and excess of hydrogen chloride 
Were exhaustively removed, and the residue was digested with saturated alcoholic ammonia (230 c.c.) at 37° for 7 days. 
The resulting solution was evaporated to dryness, and the residue was dissolved in water, decolorised with norit, and 
Tecovered (18-9 g.) by evaporation to dryness ina vacuum. The dihydrochloride separated from water in minute colour- 
77 tin m. p. 283° (decomp.) (Found: C, 34-5; H, 4-6; N, 18-1. C,H,,0,N,S,2HCI requires C, 34:5; H, 45; N, 

0 . 

p-Phenylsulphonylbenzonitrile—p-Phenylsulphonylbenzamide (22-9 g.) (Newell, Amer. Chem. J., 1898, 20, 302), 
Phosphoryl chloride (23 c.c.), and chloroform (100 c.c.) were refluxed for 3 hours, the amide slowly dissolving. Solvent 
and unused phosphoryl chloride were removed in a vacuum, and water and ether added to the residue. A portion of the 
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product, consisting of unchanged amide (2-2 g.), remained undissolved and was collected. The-ethereal solution was 
separated, washed with aqueous sodium bicarbonate solution, dried, and evaporated. The resulting nitrile separated 
from spirit (norit) in colourless, etched plates, m. p. 126° (Found: C, 64-4; H, 3-8; N, 5-9. C,,;H,O,NS requires ¢ 
64-2; H, 3-7; N, 58%). 

p-Phenylsulphonylbenzamidine Hydrochloride (X).—The preceding nitrile (14 g.) was converted into the amidine jy 
the usual way. Long, colourless needles (10-8 g.) separated during the digestion with alcoholic ammonia, and a further 
crop was obtained on evaporating the mother-liquor to dryness. A small amount (1 g.) of amide remained undissolvej 
on treating the bulked solids with water, and the amidine hydrochloride (15-8 g.), recovered on evaporation to dryness 






















































; m- 
separated from asmall volume of water in colourless prisms, m. p. 201—202° (Found: C, 52-0; H, 4-5; N Miia the 
9-1. C,,;H,,0,N,S,HC1,4H,O requires C, 52-3; H, 4-6; N, 9-2%). and s 

p-Methylsulphonylbenz-N-methylamidine Hydrochloride (X1).—(A) p-Methylsulphonylbenzmethylamide (10 ¢) My 11 
(below) was warmed on the water-bath for 3 hours with finely powdered phosphorus pentachloride (10 g.) in toluene 
(100 c.c.). When no further evolution of hydrogen chloride took place there was still much unchanged methylamide HM penzc 
left in suspension, indicating the occurrence of a side reaction consuming phosphorus pentachloride. After thorough pressi 
removal of the toluene and phosphoryl chloride, the dark brown residue was set aside with 10% alcoholic ammonia Hi peen 
(120 c.c.) at 37° for several days. The dark brown solution was filtered from the crude unchanged methylamide (3:1 g, cryst 
m. p. 187—189°), decolorised with norit, and evaporated to dryness. The product (5-0 g.) was extracted with a small to Cc 
volume of alcohol from the residue of ammonium chloride, and recrystallisation from methyl alcohol—ethyl acetate collec 
(2 : 3) afforded the hydrochloride as stellate clusters of colourless prisms, m. p. 243° (Found: C, 42-9; H, 5-3; N, 113 (0-8 g 
C,H,,0,N,S,HCI requires C, 43-5; H, 5-2; N, 11-3%). hydrc 
(B) The following procedure gave a much purer product. -Methylsulphonylbenzimino-ether hydrochloride, requi 
prepared in the usual way from the nitrile (12 g.), was set aside at 37° with a mixture of 22% w/v alcoholic methyl. chlor 
amine (11 c.c.; 1-15 mols.) and absolute alcohol (40 c.c.) for 8 days. The homogeneous solution obtained by addition C, 49 
of water was neutralised with hydrochloric acid to Congo-red, decolorised with norit, and evaporated to dryness. On IE 
recrystallisation from spirit the residue afforded crystals as in (A) (11-85 g.), m. p. 246° (Found: C, 43-5; H, 5-3; N, long: 
11-6%). 
p-Methylsulphonylbenz-NN’-dimethylamidine Hydrochloride (XIV).—When the preceding experiment (B) was alcal 
carried out with 2-75 molar proportions of methylamine and only 5 days at 37°, the main product of the reaction was the tion 
* symmetrical and less soluble dimethylamidine hydrochloride, which separated from absolute alcohol in small, stout, colour- cata 
' less prisms (6-9 g.), m. p. 285—286° (Found: C, 45-7; H, 5-6; N, 10-3. C,)9H,,O,N,S,HCl requires C, 45-7; H, 5:7; with 
N, 10-7%), and it was impossible to obtain a completely pure specimen of the monomethylamidine from the mother- was 
liquors. solu 
p-Methylsulphonylbenz-NN-dimethylamidine Hydrochloride (X11).—p-Methylsulphonylbenzimino-ether hydrochloride, C, 4 
prepared from the nitrile (12 g.) in the usual way, was kept at 37° for 2 weeks with an alcoholic solution (110 c.c.) I 
of dimethylamine (9-6 g.). Part of the product crystallised, and the remainder was isolated by evaporating the gen 
mother-liquors to dryness. The entire product was dissolved in cold water with addition of 2n-hydrochloric acid until beir 
the solution was just acid to Congo-red, decolorised with norit, and recovered. The compound separated from absolute ana 
alcohol in minute colourless prisms (11°5 g.), m. p. 274—275°, varying somewhat with the rate of heating (Found: C, 250- 
46-0; H, 5-9; N, 10-5. C,yH,,O,N,S,HCI requires C, 45-7; H, 5-7; N, 10-7%). 1 
p-Methylsulphonyl-N-y-diethylaminopropylbenzamidine Dihydrochloride (XIII).—p-Methylsulphonylbenzimino-ether in t 
hydrochloride (from 12 g. of nitrile) was kept at 37° for 2 weeks with y-diethylaminopropylamine (9 g.) in alcoholic alec 
solution (100 c.c.). The brown syrupy residue, left on evaporation of the reaction mixture, dissolved in water to give req’ 
an alkaline solution, which was neutralised to pH 7 with 2n-hydrochloric acid. Decolorisation with norit and evaporation | 
to dryness afforded a stiff glass, which crystallised in contact with alcohol. Recrystallisation from spirit afforded tiny chic 
clusters of colourless needles (12-9 g.), m. p. 254° (softening 251°) (Found : C, 46-6; H, 7-2; N, 10-9. C,,;H,,0,N,S,2HC ine 
requires C, 46-9; H, 7-0; N, 10-9%). and 
p-Methylsulphonylbenzamidoxime Hydrochloride (XV).—p-Methylsulphonylbenzamidoxime (Andrewes, King, and (Fe 
Walker, loc. cit.) was neutralised with the theoretical volume of N-hydrochloric acid, and the solution was evaporated 
to dryness. The hydrochloride separated from spirit in fine colourless prisms, m. p. 227° (efferv.) (Found: C, 38-6; aci 
H, 4-7; N, 11-4. C,H,.0O,N,S,HCl requires C, 38-3; H, 4-4; N, 11-2%). anc 
p-Methylthioaniline Hydrochloride —p-Methylthionitrobenzene (28-6 g.) (Waldron and Reid, J. Amer. Chem. Soc., pla 
1923, 45, 2402) was reduced by West's method (J., 1925, 127, 494), and the product isolated as the hydrochloride 
(28-4 g.). Recrystallisation from alcoholic hydrochloric acid afforded fine, flattened, colourless needles, m. p. 260—261° wa 
I (decomp.) (Found: C, 47-9; H, 5-7. Calc. for C,H,NS,HCl: C, 47-9; H, 5-7%). Brand and Wirsing (Ber., 1912, pal 
45, 1765) record m. p. 215—220° (decomp.) for a substance, stated to be of this constitution, resulting from the action of wa 
hydrochloric acid on pp’-bismethylthiohydrazobenzene. rec 
p-Methylthiobenzamidine Hydrochloride (XV1).—A solution of p-methylthiobenzonitrile (13-9 g.) (Zincke and Jérg, 
Ber., 1910, 48, 3447) in alcohol (15 c.c.) and chloroform (25 c.c.) was saturated with hydrogen chloride and kept at 0” ‘chi 
for 5 days. The imino-ether hydrochloride, recovered in the usual way from the clear solution, was kept with 10% chi 
alcoholic ammonia (120 c.c.) at 37° for 5 days; much of the product separated as a heavy crop of large crystals anda (3% 
further amount was obtained on evaporating the mother-liquor to dryness. The crude material was dissolved in water TI 
with addition of sufficient hydrochloric acid to give an acid reaction to Congo-red, and recovered (17-3 g.), after treatment an 
with norit, by evaporation to dryness. The hydrochloride separated from water in stout, colourless prisms, m. p. 218— th 
219° (Found: C, 47-8; H, 5-5; N, 14-0. C,H,N,S,HCl requires C, 47-4; H, 5-4; N, 13-8%). The benzoate, pre- de 
cipitated with sodium benzoate, separated from a large volume of water in small colourless prisms, m. p. 251—252° lin 
(Found : C, 62-8; H, 5-3; N, 9-4. C,H, )N,S,C;H,O, requires C, 62-5; H, 5-6; N, 9-7%). (F 
m-Methylsulphonylbenzonitrile-—m-Nitrophenylmethylsulphone (100 g.) (Twist and Smiles, J., 1925, 127, 1249) 
was hydrogenated in alcohol (600 c.c.) in the presence of 2% palladised strontium carbonate (12 g.) under pressure. 8 su 
the nitro-compound was not very soluble in alcohol, the temperature was raised to about 100° during the reduction, Tl 
which required about an hour for completion. The crude amine was submitted at once to the Sandmeyer reaction, fr 
using the conditions described for the p-isomer (p. 636). The product, isolated from the acetone extract, was collected it 
at 210°/4 mm. (54-5 g.), and then separated from spirit in colourless rectangular prisms (49-4 g.), m. p. 103—104 C 
(Found : C, 52-7; H, 3-9; N, 7-8. C,H,O,NS requires C, 53-0; H, 3-9; N, 7-7%). 
_ ,m-Methylsulphonylbenzamidine Hydrochloride (XVII).—The preceding nitrile (12-75 g.) was converted into the in 
imino-ether hydrochloride and amidine in the usual way. The salt separated from absolute alcohol in fine colourless fo 
needles (10-3 g.), m. p. 216° (Found: C, 41-0; H, 4-9; N, 11-8. C,H..0,N,S,HCI requires C, 40-9; H, 4:7; N, 11-9%)- CC 
m-Ethylsulphonylbenzonitrile—(i) Phenylethylsulphone (109 g.) was nitrated under the conditions used by Twist 4 
: and Smiles (loc. cit.) for the lower homologue, and the nitro-compound separated from spirit in colourless bipyramids 
(115 g.), m. p. 103°. Baldwin and Robinson (J., 1932, 1448) record m. p. 101—102°. I 
i (ii) Pressure hydrogenation in the manner described above for the methyl derivative proceeded readily and the amin d 
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hydrochloride (106-2 g.) separated from spirit in thin, colourless hexagonal plates, m. p. 239—240° (Found: C, 42-9; 
H, 5:3; N, 65. C,H,,O,NS,HCI requires C, 43-3; H, 5-4; N, 6-3%). 

(iii) The cold diazo-solution from the amine hydrochloride (100 g.) was added to a hot solution of sodium nickel 
cyanide in the usual way, and the resulting nitrile was recovered by chloroform extraction. The crude product was 
distilled in a vacuum (b. p. ca. 230—240°/2-5 mm.) and then recrystallised from u-propyl alcohol, microscopic colourless 
prisms (50-2 g.) separating, m. p. 49—-52°. The pure nitrile has m. p. 51—52° (Found: C, 55-6; H, 4-8; N, 7-0. C,H,O,NS 
requires C, 55-4; H, 4-6; N, 7-2%). 

m-Ethylsulphonylbenzamidine Hydrochloride (XVIII).—The preceding nitrile (15 g.) was converted into the amidine 
in the usual way via the imino-ether hydrochloride. The product was extremely soluble in water and the lower alcohols 
and separated from absolute alcohol in small, stout, colourless prisms (10-1 g.), m. p. 196° (Found: C, 43-8; H, 5-3; 
N, 11-2. C,H,,0,N,S,HCl requires C, 43-5; H, 5-2; N, 11-3%). 

Hydrochlorides of p-Methylsulphonylbenzyl- (XX) and Di-p-methylsulphonylbenzyl-amine.—p-Methylsulphonyl- 
benzonitrile (100 g.) was reduced with Raney nickel (10 g.) in 10% alcoholic ammonia solution (600 c.c.) under an initial 
pressure of 95 atm. at 15°. Hydrogenation was complete in about 1} hours, in the course of which the temperature had 
been raised to about 70°. The cooled solution was filtered from catalyst, and evaporated to dryness; the syrupy residue 
crystallised. A solution of the solid in warm water (ca. 500 c.c.), clarified by filtration with kieselguhr, was neutralised 
to Congo-red with 5n-hydrochloric acid, and the crop (3-2 g.) of secondary amine hydrochloride which separated was 
collected. The filtrate was evaporated to dryness, and the residue recrystallised from 90% alcohol; a small further crop 
(0-8 g.) of the secondary amine hydrochloride was removed by filtration of the hot solution, from which the primary amine 
hydrochloride (106 g.) then separated in colourless plates, m. p. 279—280° (Found : C, 43-4; H, 5-2; N,6-2. C,H,,O,NS,HCl 
requires C, 43-3; H, 5-4; N, 63%). It. was extremely soluble in water. The less soluble secondary amine hydro- 
chloride (4 g.) separated from a large volume of water in colourless rectangular plates, m. p. ca. 310° (decomp.) (Found: , 
C, 49-4; H, 5-4; N, 3-6. C,.H,,O,NS,,HCl requires C, 49-3; H, 5-1; N, 3-6%). 

Hydrogenation of the nitrile was also effected at 3—4 atm. pressure of hydrogen but the time required was much 
longer. 

a Ethylsulphonylbensylamine Hydrochloride (XXI).—p-Ethylsulphonylbenzonitrile (16 g.) was reduced in saturated 
alcoholic ammonia (250 c.c.) with Raney nickel (4-2 g.) under 70 Ib./sq. in. pressure of hydrogen. The expected absorp- 
tion took place in 2 hours, and there was no further fall during the subsequent 1} hours. The solution was filtered from 
catalyst and evaporated to dryness. The syrupy residue was dissolved in warm water and neutralised to Congo-red 
with n-hydrochloric acid (75 c.c. Calc. for 100% conversion of nitrile and no mechanical loss: 81-8c.c.). The solution 
was treated with norit and evaporated to dryness. Recrystallisation from absolute alcohol, whereby traces of a sparingly 
soluble impurity (secondary base hydrochloride ?) were removed, afforded colourless plates (14-1 g.), m. p. 222° (Found : 
C, 46-1; H, 6-2; N, 6-2. C,H,,0,NS,HCl requires C, 45-9; H, 5-9; N, 5-9%). 

m-Methylsulphonylbenzylamine Hydrochloride (XXII).—m-Methylsulphonylbenzonitrile (18-1 g.) was hydro- 
genated in 10% alcoholic ammonia (400 c.c.) in the presence of Raney nickel (3-6 g.) at 50 atm. pressure, the temperature 
being raised to about 90° during reduction. The product was worked up in the same manner as in the preceding 
analogous cases, and the hydrochloride separated from a small volume of water in fine, colourless prisms (17-5 g.), m. p. 
250—251° (Found : C, 43-3; H, 5-6; N, 6-4. C,H,,O,NS,HCI requires C, 43-3; H, 5-4; N, 6-3%). 

m-Ethylsulphonylbenzylamine Hydrochloride (XXIII).—m-Ethylsulphonylbenzonitrile (15 g.) was hydrogenated 
in the manner described above for the analogous cases. The hydrochloride separated from a small volume of absolute 
alcohol in clusters of minute, colourless plates (10-3 g.), m. p. 155—156° (Found: C, 45-8; H, 6-2; N,5-5. C,H,,0,NS,HCl 
requires C, 45-9; H, 6-2; N, 5-9%). 

p-Methylsulphonyibenzaldehyde (XXIV; R = CHO).—A solution of -methylsulphonylbenzonitrile (36 g.) in 
chloroform (320 c.c.) was added to Stephen’s reagent (from 72 g. of anhydrous stannous chloride) (J., 1925, 127, 1874) 
in ether (240 c.c.). The mixture was shaken mechanically for 6 hours, and next day the solid stannichloride was collected 
and decom with water. The aldehyde separated from spirit in clusters of colourless tablets (24-9 g.), m. p. 157° 
(Found: C, 52-3; H, 4-6. C,H,O,S requires C, 52-2; H, 4-3%). 

p-Methylsulphonyleinnamic Acid (XXIV; R= CH°CH-CO,H).—The preceding aldehyde (24-8 g.) and malonic 
acid (17 g.) were heated on the water-bath in pyridine (30 c.c.) containing 8 drops of piperidine until effervescence ceased 
and for one hour thereafter. The acid, isolated in the normal way, separated from 80% acetic acid in clusters of colourless 
plates with pointed ends (25-8 g.), m. p. 288° (Found: C, 53-0; H, 4-8. Cy 9H O,S requires C, 53-1; H, 44%). 

p-p-Methylsulphonylphenylpropionic Acid (XXIV; R = CH,°CH,°CO,H).—The preceding unsaturated acid (35-6 g.) 
was dissolved in a slight excess of 1-5n-sodium hydroxide, and the solution shaken in hydrogen in the presence of 2% 
palladised strontium carbonate (5 g.); the expected volume of hydrogen was absorbed in about 6} hours. The catalyst 
was collected and the product (33-1 g.), precipitated on acidification to Congo-red, separated from water in colourless 
rectangular plates (31 g.), m. p. 171—172° (Found: C, 52-6; H, 5-3. C49H,,0,S requires C, 52-6; H, 5-3%). 

B-p-Methylsulphonylphenylethylamine Hydrochloride (XXV).—The foregoing acid (6-9 g.) was converted into the 
chloride by thionyl chloride (6 c.c.) in chloroform (35 c.c.) containing 1 drop of pyridine. Solvent and excess of thionyl 
chloride were removed, and the last traces of the latter were entrained in benzene. The chloride was dissolved in acetone 
(35 ¢.c.), and the solution was stirred vigorously during addition of an aqueous solution (6 c.c.) of sodium azide (1-95 g.). 
The mixture was stirred for 10 minutes in melting ice, and the azide was precipitated with water (150 c.c.), collected, 
and dried for 44 hours in a vacuum desiccator. The azide was warmed cautiously with benzene (45 c.c.), and the solution 
then boiled for 5 minutes. 2Nn-Hydrochloric acid (50 c.c.) was added, and the benzene distilled away. The solution was 
decolorised with norit and evaporated to dryness, finally with alcohol, in a vacuum on the water-bath, affording a crystal- 
line solid (4-7 g.). The hydrochloride separated from absolute alcohol in colourless, rectangular plates, m. p. 204—205° 
(Found: C, 45-6; H, 6-2; N, 6-2. C,H,,0,NS,HCI requires C, 45-9; H, 5-9; N, 5-9%). 

p-Methylsulphonylbenzoic Acid (KXIV; R = CO,H).—p-Methylsulphonylbenzonitrile (94 g.) was added to 75% 
sulphuric acid (200 c.c.) at 150° during } hour, and the mixture heated at 190° for 3 further hours, crystals separating. 
The mixture was treated with water, and the product collected. The acid (99-1 g.) was recovered in a pure condition 
from a filtered solution of the product in 2n-sodium hydroxide by acidification with concentrated hydrochloric acid ; 
Gator a. from glacial acetic acid in colourless plates, m. p. 267—268° (Found: C, 47-9; H, 4-1. C,H,O,S requires 

» 48-0; H, 4-0%). 

_ p-Methylsulphonylbenzmethylamide (XXIV; R = CO‘NHMe).—The acid (30 g.) was treated with thionyl chloride 
in the manner described below, and the acid chloride was shaken mechanically with 30% aqueous methylamine (50 c.c.) 
for an hour with intermittent cooling. The mixture was left for 36 hours at room temperature, and the product (29-2 g.) 
collected and dried. The amide separated from spirit in flattened, colourless needles, m. p. 192° (Found: C, 50-7; H, 
#9; N, 6-6. C,H,,0O,NS requires C, 50-7; H, 5-1; N, 6-6%). 

. .P-Methylsulphonylacetophenone (XXIV; R = COMe).—p-Methylsulphonylbenzoic acid (40 g.) was converted 
lato the chloride by treatment on the water-bath with thionyl chloride (30 c.c.) in benzene (300 c.c.) containing a few 
drops of pyridine, about 2 hours being required for solution of the acid. Solvent and excess of thionyl chloride were 
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removed as above (p. 639). The chloride, dissolved in hot benzene (300 c.c.) was added to a solution of ethoxymagnesio. His MOT 
malonic ester (from 6 g. magnesium, 40 c.c. ethyl malonate, 32-5 c.c. absolute alcohol, 1 c.c. carbon tetrachloride) (Lund, 
Ber., 1934, 67, 937).in warm benzene (250 c.c.). A brown gelatinous mass separated, and the mixture was warmed on the 
water-bath for } hour, cooled, and treated with water and 2n-sulphuric acid. The benzene solution was separated, dried, 
and evaporated. The stiff brown syrupy residue was refluxed for 2—3 hours with a mixture of concentrated hydro. 
chloric acid (200 c.c.), glacial acetic acid (200c.c.), and water (100 c.c.). The mixture was cooled, treated with water (ca, 
800 c.c.) and chloroform (ca. 350 c.c.), filtered from a small quantity of solid (A), shaken with norit, and filtered. The 
pale yellow chloroform layer was separated, washed with water and aqueous sodium bicarbonate solution, dried, and 
evaporated, affording the crude ketone (33-1 g.; 88%), which crystallised promptly. Recrystallisation from methy| 
alcohol afforded clusters of colourless prisms, m. p. 128—129° (Found: C, 54-4; H, 5-3. C,jH,».O;S requires C, 54:5; 
H, 5-0). Crude methylsulphonylbenzoic acid (3-17 g.; 8%) was recovered from (A) and the bicarbonate washings. 
The oxime separated from a small volume of spirit in s stout prisms, m. p. 155—156° (Found: C, 51-0; H, 5-1; 
N, 6-9. C,H,,0O,NS requires C, 50-7; H, 5:1; N, 6-6%). 

a-p-Methylsulphonylphenylethylamine Hydrochloride (XXVI).—)-Methylsulphonylacetophenone (29-7 g.) | was 
heated for 6 hours at 180° with formamide (from 32-3 g. of commercial ammonium carbonate and 30 c.c. of 90% formic 
acid) according to Ingersoll et al. (loc. cit.). The gum, obtained by adding 6 vols. of water to the cooled reaction mixture, 
was extracted with chloroform, and the extract washed with water, dried, and evaporated. The resulting brown syrup 
(25-4 g.) was at once hydrolysed by refluxing it with 12% aqueous hydrochloric acid (60 c.c.) for 40 minutes. The 
hydrolysis solution, diluted with water (100 c.c.) and decolorised with norit, was evaporated to dryness in a vacuum on 
the water-bath, affording a colourless crystalline hydrochloride (20-5 g.; 60%), which separated from glacial acetic acid 
in fine prisms (17-3 g.), m. p. 274° (Found: C, 46-2; H, 6-2; N, 5-9. C,H,,0,NS,HCl requires C, 45-9; H, 5-9; N, 
5-9%). 






























































Biological Tests. 

In vitro Antibacterial Tests—The cultures and technique employed were those previously described (Fuller, Biochem. 
J., 1942, 36, 548; Evans, Fuller, and Walker, Joc. cit.). 

Antimalarial Tests on P. gallinaceum Infections in Chicks.—In the prophylactic tests the chicks were infected by 
intravenous inoculation of a suspension of sporozoites, medication being commenced 2 hours before infection. In the 
therapeutic tests infection was induced by the intravenous inoculation of blood from a highly parasitised donor, and 
‘drug treatment was initiated directly thereafter. In both cases drug treatment was continued twice daily for 4 days, 
and blood smears from treated and control birds were subsequently examined and compared in regard to degree of 
parasitemia. With (II) definite prophylactic activity was observed at a dosage level of 1000 mg. drug/kg. body-weight, 
and slight activity at 500 mg./kg; slight therapeutic action was observed at the higher dosage. Of the other compounds 
examined, (XV) and (X XVI) exhibited slight prophylactic activity, as did (XII) which was, however, toxic to chicks. 
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171. The Vibrational Spectra of Esters and Ketones. 


By H. W. TuHompson and P. ToRKINGTON. 





The vibrational spectra of a number of ketones and esters have been measured between 5—20 p. Cor- 
elation of strong bands found in related series suggests assignments of some of the frequencies to vibrations of 
particular parts of the nuclear frameworks, which may be useful in disentangling the spectra of complex mole- 
cules containing these groupings. The results are also useful in suggesting key bands for infra-red analysis of 
mixtures of these compounds, or for the detection of impurities. 







THE use of infra-red spectra for both analysis and structural diagnosis demands the measurement of the spectra 
of many compounds differing in type over a wide spectral range. By this means, characteristic differences 
may be found giving key absorption bands for analysis, but at the sarne time the comparison of spectra of 
related compounds may lead to an assignment of vibration frequencies which are characteristic of particular 
types of nuclear skeleton. Such data can only be applied successfully in the study of complex or macro- 
molecules if measurements are first made, for purposes of reference, on relatively simple molecules, where the 
assignment of frequencies can be made with conviction. Compilations of this kind have been published 
recently, and some important correlations obtained (Barnes, Liddel, and Williams, Ind. Eng. Chem. Anal., 
1943, 15, 83; Thompson and Torkington, Proc. Roy. Soc., 1945, A, 184, 3;.Tvans. Faraday Soc., 1945, 41, 246). 

In connexion with the elucidation of the vibrational spectra of some polymers containing ester groupings, 
we have measured the spectra of many esters and ketones between 2 and 20. Some of the results are 
collected here, and the spectra are discussed briefly from the standpoint of molecular structure. A complete 
correlation of the infra-red absorption frequencies with the corresponding Raman intervals would at present 
become unwieldy, and will therefore be deferred until the most important features can be disentangled from 
the much larger number of molecules under examination. 


The compounds employed were usually commercial products, purified by fractionation. A few were pre- 























pared in this laboratory. In many cases two or more samples of the same compound were examined, the apr 
identity of the spectra serving as a check on purity. Benzophenone was measured as a solid film on rock- Jj "° 
salt; the remainder were measured as liquids in an absorption cell made by separating plates of rock-salt — 
ps a gg about 0-08 mm. thick. The spectrometers have already been described (Thompson and Whifien, ve 
vol., p. 268). 
The spectra are shown as charts, Figs. 1—7, in which bands are shown as lines of varying intensity covering = 
the spectral range 500—1750 wave numbers. The disadvantage of this form of representation is that it does the 






not reveal the relative breadths of the bands, and the intensities can only be regarded as approximate, but it 
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js more convenient if correlations of frequencies are to be derived by visual inspection of the spectra of a series 
of related molecules. : 
Fig. 1 shows the spectra of some ketones. In saturated alkyl ketones the frequency of the stretching 

vibration of the carbony] link lies close to 1710 cm.-. When one radical attached to the carbonyl group is 
aryl, the frequency falls to about 1685, and when both the attached radicals are aryl, it falls still further to 
about 1655. In mesityl oxide, where there is also conjugation of double bonds, the carbonyl group frequency 
is below ‘‘ normal.” 
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1. Acetone. 5. Methyl n-hexyl ketone. - 9. Propiophenone. 
2. Methyl ethyl ketone. 6. Diethyl ketone. 10. Benzophenone. 


3. Methyl n-propyl ketone. 7. Di-n-butyl ketone. ll. Mesityl oxide. 
4. Methyl n-amyl ketone. 8. Acetophenone. 


With all the methyl ketones examined, other than acetone, fairly strong bands occur at the following 
approximate frequencies: 595, 1170, 1370, 1420, 1460. The band at 1370 is associated with a deformational 
mode of CH; radicals, as found with hydrocarbons. The bands at 1420 and 1460 are also due to deformational 
motions of CH, groups. It may be noted that acetone shows only a single band of this class at about 1435. 
In the other methyl ketones there are two kinds of CH, group, either adjacent to, or removed from, the car- 
bony! group. There are interesting changes of intensity with these bands between 1370 and 1460 cm.- as the 
radicals attached to the carbonyl group are varied. 

Diethyl ketone and di-n-butyl ketone show no strong band near 595. This suggests that this band with 
the methyl ketones is connected with the acetyl group, of which 595 might be a deformational frequency. 
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In the same way the strong band near 1170 must be connected with the acetyl group. In both cases acetone 
appears to be anomalous. 


Fic. 2. 
Formaites. 


Wave-number, cm-" 
600 700 800 900 1000 1200 


hae 1 

) AL. _ 
om PPE e a 

. id Lah | 


i 7 ' a 


2. Ethyl. 3. n-Propyl. 4. n-Butyl. 5. isoButyl. 


















































Fic. 3. 
Acetates. 
cmt 
600 700 800 990 oo 1200 


| | 
ithe | 
UAH || 
LL di 
Ln tl it 4 
em 


Taal dy Lut : 


' ' t t t 


1. Methyl. 2. Ethyl. 3. n-Propyl. 4. isoPropyl. 5. n-Butyl. 6. soButyl. 7. sec.-Butyl. 


In the spectra of methyl m-amyl and methyl n-hexyl ketone, the bands at 723 and 722 cm.-! are probably 
associated with a vibration of the long carbon-carbon chain. This has been found with all paraffins con- 
taining a straight chain of more than four carbon atoms. Many of the bands common to acetophenone and 
propiophenone are connected with vibrations of the phenyl group. In these compounds the methyl group 
deformation is at 1350, rather lower than usual. Also, on passing from acetophenone to propiophenone the 
band at 1435 connected with the CH, group deformation splits into a pair at 1410, 1445, presumably owing 
to the introduction of two types of CH, group as indicated above. With mesity]l oxide the stretching vibration 
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of the carbon-carbon double bond is found at 1630 cm.-". There are two frequencies, 1360 and 1380 corre- 
nding to methyl group deformations, which have been found in the case of hydrocarbons having two methyl 


groups attached to the same carbon atom. 
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With alkyl formates (Fig. 2) the stretching vibration of the carbonyl group has a frequency 1722—-1724 cm.-, 
somewhat higher than that of ketones. The methyl group deformational frequency of methyl formate at 
about 1375 is common to the series, but splits in the isobutyl derivative, where two methyl groups are attached 
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to the same carbon atom, giving the pair 1370, 1390. Also the other CH, group deformation of methyl formate 
at about 1460 is split in the other formates, presumably owing to the presence of CH, groups which differ in 


their internal molecular environment, as found with the ketones above. 


In isobutyl formate the strong band 


at about 760 cm.-! may, by analogy with results on hydrocarbons, be associated with the isopropyl group. 
The most interesting bands with formates are those at about 1160 and 1185. The former remains almost 
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unchanged in value throughout the series, although it diminishes in intensity as the alkyl group increases jp 
size; the latter band falls from about 1214 in methyl formate and 1195 in ethyl formate to a steady value of 
about 1185 in the higher homologues. The origin of these bands is discussed below. 

In acetates (Fig. 3), the stretching vibration frequency of the carbonyl group lies at about 1740 cm; 
higher than in alkyl ketones or formates. The region 1300—1500, in which the frequencies of CH, and CH, 
deformations appear, is again interesting. With methyl acetate there appear to be two bands at 1375 and 
1450, but with higher. homologues splitting of both bands occurs, again presumably owing to the introduction 
of CH, and CH, groups whose immediate environment is different. It would be premature to discuss these 
frequencies in detail, since they are now being examined more closely with the increased resolving power 
provided by a fluorite prism. It seems likely, however, that there may be here a sensitive method for the 
differentiation of different kinds of CH, and CH, groups. 

The other most strikingly constant frequencies of acetates are found at 612, 640, and 1245:cm.-!. Formates 
showed no correspondingly strong band in the region of 600, and for this reason the frequencies 612, 640 appear 
to arise from CH,*CO groups, of which they would be deformational vibrations of the nuclear framework. As 
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explained above, methyl ketones have a fairly strong band at 595. The latter may therefore correspond to 
612 in the acetates and be connected with the acetyl part of the skeleton, whilst that at 640 might be due to 
the entire framework CH,°CO-O, in which the extra oxygen atom becomes important. 

The strong band of acetates at about 1245 is perhaps more significant. By virtue of its intensity and 
frequency it is analogous to those of formates at 1160 and 1185. It is discussed below. The strong bands 
of acetates in the region of 1000 cm.-! are noteworthy, although no obvious correlation suggests itself. Acetates 
from normal alcohols have a strong band near 1050 which appears to split as the alkyl chain is lengthened. 
When the alkyl chain is branched, the strong bands are much less bunched around 1050. 

The spectra of some propionates are shown in Fig. 4. The carbonyl group frequency lies at 1735—1740, 
as with acetates. Again the region 1300—1500, where the deformational frequencies of CH, and CH, groups 
are absorbed, is interesting and a more detailed study of both the frequencies and intensities is being carried 
out with the aid of the fluorite prism. The remainder of the spectral range provides a series of correlations. 
First, propionates show two weak bands at 590, 610. There is marked correspondence in frequency between 
these and the pair found with acetates at 612, 640, but in propionates both bands are very much reduced in 
intensity. It was suggested above that these bands in the case of acetates are connected with motions of 
the nuclear framework C-CO-O, and it seems probable that this conclusion is correct, and that in the pro- 
pionates which have the skeleton C-C-CO-O: the addition of the extra carbon atom does not much affect the 
frequencies which are primarily determined by the rest of the skeleton. On the other hand, it is quite plausible 
that this change may influence the intensities. | 

The characteristic feature of propionates is a very intense band between 1190 and 1200 cm.-!. This is 
the analogue of the acetate band at 1245.. Other bands which seem to occur throughout the series lie at 
810, 1275, and except for the isopropyl derivative, there appears to be a fairly constant pair at 1020, 1080. 





THE 


(1945) The Vibrational Spectra of Esters and Ketones. 645 


Fig. 5 shows the spectra of some normal butyrates. The ester carbonyl frequency remains at about 1735, 
and again the region of CH, and CH, group absorption, viz., 1300—1500, shows particularly interesting 
features which are left for later detailed analysis. Otherwise, the following frequencies persist throughout 
the series: 590, 750, 1100, 1190, 1255, 1300. Of these, the group of three intense bands at 1100, 1190, 1255 
is the most striking feature. 

The band at 590 might at first sight be correlated with one of the pair found with acetates, but this seems 
unlikely. It is more probable that the pair of acetate bands near 600, connected with the skeleton C-CO-O, 
which was suppressed in intensity in the propionates C-C-CO-O;, is still more suppressed in the butyrates 
C-C-C-CO-O-, and the band at 590 may be due to some other vibration altogether. 

In the isobutyrates (Fig. 6), the carbonyl ester frequency again lies close to 1735, and the region of absorp- 
tion of the CH, and CH, deformatio.s is interesting. Other frequencies which persist are 755, 1080, 1160, 
1200, 1260, of which those at 1160 and 1200 are the strongest. 
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A few other esters examined are shown in Fig. 7. The influence of neighbouring groups on the carbonyl 
group stretching frequency will be discussed in detail in a forthcoming paper by Mr. Trotter. 


The esters being taken as a whole, the most intense and interesting bands are those in the region 1050— 
1250 cm.-1, and particularly the following : : 


Formates ........ssescscsseesecee 1185 Propionates .................. 1190 isoButyrates ..........00s00+. 1200 
SOURS  ibieicntiidisiatens WOM WERTFONGNB Beveccsccesesecsss L1GD CDV ERIORTEE © cccccccscccsscisss “3E00 
These bands are almost certainly connected with a vibration which is primarily controlled by a -C-O- bond, 
and indeed many ethers are found to have a strong band in this region. In the esters there are two such 
R—C+o —R bonds, one contiguous to the carbonyl group and the other between the oxygen and alcohol 
| ? residue (see inset). It seems probable that the very strong bands just listed are connected 
mainly with the first of these C-O bonds; and that the other strong bands found between 
1000 and 1200 in the different cases are more related with the other C—O link and with 

C< bond vibrations. 
A more detailed analysis of all these results will be made when other related molecules have been examined. 


Tue PuysicaL CuEMIstTRY LABORATORY, OXFORD. (Received, June 28th, 1945.) 
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172. 0-Amino-ketones of the Acetophenone and Benzophenone Types. 
By J. C. E. Smmpson and (in part) C. M. Atkinson, K. SCHOFIELD, and O. STEPHENSON. 


The existing literature of o-amino-acetophenones and -benzophenones is summarised, and methods of 
preparation critically reviewed. In the benzophenone series, a detailed study has been made of the 
preparative value of the respective Friedel-Crafts reactions between benzene and anisole and the acid 
chloride of N-p-toluenesulphonylanthranilic acid. In the work on acetophenones, improvements in the 
preparation of existing intermediates have been made in a number of instances, and the following new o-amino- 
acetophenones have been prepared: 3- and 5-Chloro-, 3-bromo-, 3-methoxy-, and 5-cyano-2-aminoacetophenone, 
also 2 : 3-diaminoacetophenone. The constitutions of these acetophenones have been established by arguments 
independent of reference compounds, in the development of which various other new derivatives of aceto- 
phenone have been prepared. 


o-AMINOBENZOPHENONE and its substituted analogues have been used for the synthesis of fluorenones 
(Ullmann and Mallet, Ber., 1898, 31, 1694; Ullmann and Broido, ibid., 1906, 39, 356; Chem. Rev., 1938, 93 
287; Lothrop, J. Amer. Chem. Soc., 1939, 61, 2115), of acridines and acridones (Schépff, Ber., 1894, 27, 2316: 
Staedel, ibid., 1894, 27, 3362), of cinnolines (Stoermer and Fincke, Ber., 1909, 42, 3115; Stoermer and Gaus 
ibid., 1912, 45, 3104; Simpson and Stephenson, J., 1942, 353; Simpson, ibid., 1943, 447), and of 2-quin. 
azolones and related substances (Gabriel and Stelzner, Ber., 1896, 29, 1300; Drawert, tbid., 1899, 32, 1259: 
Hanschke, ibid.,. 1899, 32, 2021). Of the manifold uses of o-aminoacetophenone and its derivatives may be 
mentioned their applications in the quinazoline field (Bischler e/ al., Ber., 1893, 26, 1349, 1384; Bogert and 
Nabenhauer, J. Amer. Chem. Soc., 1924, 46, 1702, 1932) and the indigo problem (e.g., Kunckell, Ber., 1900, 
33, 2644; Bamberger and Elger, ibid., 1903, 36, 1611; Kunckell and Schneider, J. pr. Chem., 1912, 86, 429: 
Kunckell and Lillig, ibid., 1912, 86, 517; Ruggli and Reichwein, Helv. Chim. Acta, 1937, 20, 913; Borsche 
and Herbert, Annalen, 1941, 546, 293), and also the production of 6-nitro-4-hydroxycinnoline from 5-nitro- 
2-aminoacetophenone (Borsche and Herbert, Joc. cit.). Amino-ketones of both types have been employed 
for the synthesis of indazoles (Fischer and Tafel, Annalen, 1885, 227, 303; Auwers and Meyenburg, Ber, 
1891, 24, 2370; Auwers, ibid., 1896, 29, 1255), and a study of the conversion of their oximes into indoxazens 
(«8-benzisooxazoles) and anthranils (anthroxans, By-benzisooxazoles) contributed significantly to the correct 
interpretation of the Beckmann change (Auwers ef al., Ber., 1924, 57, 461, 800; Meisenheimer et al., ibid, 
1924, 57, 289; 1927, 60, 1736; Ammnalen, 1926, 446, 205). Notwithstanding this versatility of reactivity, 
little recognition has been given to o-aminoary] ketones as a group; at any rate, neither the range of available 
compounds, nor the principal preparative routes to them, appear to have come under review. 

Work now in progress has necessitated a careful search of the literature in respect of both these points, 
and, as the information may be of general interest, it is summarised in this paper, together with various 
relevant observations which have been made in our laboratory. 

Excluding o-aminopropiophenones and higher ketones, and also products made from simpler o-amino- 
ketones, some sixty members of the o-amino-acetophenone and -benzophenone classes, of unambiguous 
constitution, have been described in the literature and prepared by a variety of methods. These are 
summarised in the following list, for which no claim to exhaustiveness is made, although it is unlikely that 
there are many omissions. Figures in parentheses indicate references, and the percentages (in Methods | 
and IX) refer to yields obtained by the authors cited in the first reference; unspecified substituents indicate 


hydrogen. 
xs 
O,H COAr ne 
O28 cat, Ter (\88o,c., sa Orn, 


Method I. 
R, = R, = R; = R, = H (59%) (1, 3, 4); Rg = Me (1, 4), OMe (76% crude) (1, 5), Br (28%) (7); R, = R;= 
OMe (2); R,; = Ry = OMe (62% crude) (2); R, = R, = R; = OMe [not isolated; hydrolysate of tosyl- 
amidoketone converted to 3 : 4-dimethoxyxanthone (2)]; R, = R, = Me, R, = OMe (76%) (60); R, = R,= 
Me, R, = OMe (32%) (60); R, = Ry = OMe (55% crude) (2), Me [obtained only as tosylamidoketone (6)]; 
2-aminophenyl 1’-naphthyl ketone (59% crude) (1); 2-aminophenyl 4’-methoxy-1’-naphthyl ketone (58%) 
(2); 2-aminopheny] 2’-methoxy-1l’-naphthyl ketone [obtained only as tosylamidoketone (2)]; R, = R, = Me 


(60%) (61). : 
o< YR, 
(1) Oxidation and reduction, or 6% ky 
Ry 





Method II. 
(2) Reduction, acylation, and oxidation 


R, = NH, (8, 9, 10); .R, = R, = NMe, (11); R, = NH, (18), Me (12); R, = Me, Ry = NH, (13); R.= 
R, = R, = NH, (14); R, = R, = Br (15); R, = R, = R, = R, = R, = H (16, 17). 
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Ill. 
Method R, 
Koo 
R COMe 
ArCOR —> NO, — kOe or R; NH, 5 


p= RK, = R= H Sarg 5 = NMe, (23); R, = Ry = OMe (24, 65); R, = Me (13, 25); Rs = Me, 
x. == NH, (13) ; = Me, R, = = => NH, (13); R; => R, = R, = R, => OMe, R; = NH, (24) ; R= R, = 


1 (62). 
NO OR __, NO OR 
1 


Method IV. 
R, = Ph (27), Me (28); R, = NO,, R, = Ph (26). 


Method V. 
ns R, 
| o i Ar \ weg o< YR, 
\W\ _ / R, NH, R, 


R, = Cl, Rs = NH, (30), OH (34, 35), OMe (35), NMe, (33); R, = Cl, R, = Me, R, = OH (34, 35) ; OMe (35) ; 
R, = Me (12), Cl (31), NH, (32); R, = NH, (29). 


Method VI. ° 
Cees 
Cen — Cer 


R, = R, = R; = H (1, 3, 36); R, = Br (41); R, = Rg = Me (39); Ry = Me (37), Br (7); 2-aminophenyl 
' ‘naphthyl ketone (38); 1-aminofluorenone (40, 41). 
Method VII. 


R = H (42), Me (43), Cl (44), Br (44, 35), Bz (45). 


Method VIII. 
“se 


R, = Me (46—50), CH,Cl (49), CH,Br (49), CH,N(CO),C,H, (48), 2 : 5-dimethylphenyl (51); R, = R, = Me 
(63); R, = Rs = Me (63). 


Method IX. 
Ose ¢ =... OAr OAr 
Os H, e6 —CH, “one Os HAc > Ot 


(A:) 


Ar = Ph [27% based on (A)], 2-methylphenyl (33%), 3-methylphenyl (10%), l-naphthyl (36%), 2-naphthyl 
(8%), 2-methyl-l-naphthyl (23%). 3-Amino-2-naphthy] phenyl ketone (16%) ; 3-amino-2-naphthy] 2’-naphthyl 
ketone (4%) (52 for all compounds). 


Method X. 
R, CICH,COC]_ R, OCH, 
R,\ JNHAc > Ri JNHAc 


R, = Me (53); R, = R, = Me (54); R, = Cl, R, = Me (58). 


Miscellaneous. (a) o-Nitrophenylpropiolic acid —> o-aminoacetophenone (37, 56); (b) methylanthranil —> 


2-nitroaminoacetophenone ——-> 3- and 5-nitro-2-aminoacetophenone (57); (c) C,H,(CO),N: 


PhCOC] —-» 2-amino-5-methylbenzophenone (58); (d) 
acetylacetophenone (tautomeric with imino-dihydrobenzenoid form) (59) ; 


Me + 
4 : 6-diacetyl-m-cresol —-> 2-amino-4-methy]l-5- 

; 6-bromo-2 : 3-diphenyl-1l-acetyl- 
indole —» 4-bromo-2-aminobenzophenone (64). 


: References. 
Ullmann and Bleier, Ber., 1902, 35, 4273. 


; * Ullmann and Denzler, Ber., 1906, 39, 4332. 
Meisenheimer, Senn, and Zimmermann, Ber., 1927, 60, 1736. 
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* Stoermer and Fincke, Joc. cit. 

5 Stoermer and Gaus, Joc, cit. 

* Schaarschmidt and Herzenberg, Ber., 1920, 58, 1388. 

7 Miller and Bachman, J. Amer. Chem. Soc., 1935, 57, 2443. 

8 Heyl, Ber., 1898, 31, 3033. 

® Heyl, J. pr. Chem., 1899, 59, 436. 

10 Staedel, Ber., 1894, 27, 2110, 3362. 

11 Kliegl, Ber., 1906, 39, 1266. 
Kliegl, Ber.; 1908, 41, 1845. 
Limpricht and Samietz, Annalen, 1895, 286, 321; Plascuda and Zincke, Ber., 1874, 7, 982. 
Gulland and Robinson, J., 1925, 127, 1493. 
Ruggli and Hegediis, Helv. Chim. A cta, 1941, 24, 703. 
Geigy and Kénigs, Ber., 1885, 18, 2400. 
Tatschaloff, J. pr. Chem., 1902, 65, 308. 
Staedel, Annalen, 1894, 283, 164; Benohr, J. pr. Chem., 1902, 65, 310. 
Bamberger and Elger, loc. cit. 
Skita and Meyer, Ber., 1912, 45, 3579. 
Morgan and Moss, /. Soc. Chem. Ind., 1923, 42, 461T. 
Elson, Gibson, and Johnson, J., 1930, 1128. 
Rupe, Braun, and Zembruski, Ber., 1901, 34, 3522. 
Lawson, Perkin, and Robinson, J., 1924, 125, 626. 
Zincke and Milne, Ber., 1872, 5, 683. 
Ullmann and Broido, loc. cit. 
Ullmann and Mallet, loc. cit. 
Borsche and Herbert, Joc. cit. 
Tanasescu and Ramontianu, Bull. Soc. Chim., 1933, (iv), 58, 918. 
Tanasescu and Suciu, Bull. Soc. Chim., 1936, ‘v), * 1753. 
Tanasescu and Silberg, Bull. Soc. Chim., 1936, (v), 3, 2383. 
Tanasescu and Silberg, Bull. Soc. Chim.. 1932, (iv), 51, 1357. 
Zincke and Prenntzell, Ber., 1905, 38, 4116. 
Zincke and Siebert, Ber., 1906, 39, 1930. 
Simpson and Stephenson, loc. cit. 
Graebe and Ullmann, Annalen, 1896, 291, 8. 
Kippenberg, Ber., 1897, 30, 1130. 
Graebe, Ber., 1896, 29, 827; Annalen, 1905, 340, 249. 
Drawert, loc. cit. 
Goldschmiedt, Monatsh., 1902, 28, 886. 
Huntress, Pfister, and Pfister, J. Amer. Chem. Soc., 1942, 64, 2845. 
Chattaway, J., 1904, 85, 386. 
Chattaway and Lewis, J., 1904, 85, 589. 
Angel, J., 1912, 101, 515. 
Chattaway and Lewis, J., 1904, 85, 1663. 
Gevekoht, Annalen, 1883, 221, 323. 
Needham and Perkin, J., 1904, 85, 148. 
Gabriel and Gerhard, Ber., 1921, 54, 1067. 
Ruggli and Reichwein, /oc. cit. 
Kermack and Smith, J., 1929, 814. 
Boetius and Rémisch, Ber., 1935, 68, 1924. 
Lothrop and Goodwin, J. Amer. Chem. Soc., 1943, 65, 363. 
Kunckell, loc. cit. 
Kunckell and Schneider, /oc. cit. 
Kunckell and Lillig, loc. cit. 
Baeyer and Landsberg, Ber., 1882, 15, 57; Baeyer and Bloehm, Ber., 1884, 17, 963. 
Bamberger, Ber., 1915, 48, 537. 
Hanschke, loc. cit. 
Claisen, Annalen, 1897, 297, 74. 
Lothrop, Joc. cit. 
Lothrop and Coffman, J. Amer. Chem. Soc., 1941, 68, 2564. 
Roberts and Turner, J., 1927, 1832. 
Giacolone, Gazzetta, 1935, 65, 1127. 
Koelsch, J. Amer. Chem. Soc., 1944, 66, 1983. 
Mannich and Berger, Arch. Pharm., 1939, 277, 117. 


The following general points call for comment. (i) In reactions involving Friedel-Crafts condensations 
of o-nitrobenzyl chloride and o-substituted acid chlorides, no attempt has been made to depart from the use 
of the conventional condensing agent, apart from the work of Boetius and Rémisch (51), who have prepared 
a number of o-nitrobenzophenones from o-nitrobenzoyl chloride using anhydrous ferric chloride as condensing 
agent; this led to results unobtainable by means of aluminium chloride, but the yields were still poor and the 
method is ill-adapted for large-scale work. The recent exploitation, particularly in the United States, of 
boron fluoride and hydrogen fluoride for C-alkylation and -acylation suggests that the use of these reagents 
with o-nitro-compounds would merit trial. The use of beryllium chloride in the Friedel-Crafts reaction has 
been explored to some extent, but the only recorded examples of C-acylation appear to be those of Bredereck, 
Lehmann, Schénfeld, and Fritzsche (Ber., 1939, 72, 1414); in the few instances of simple aryl ketones 
examined by these authors, the method offered no advantages over the use of aluminium chloride. (ii) The 
oxidation of reactive methylene groups (Method II) has almost invariably been carried out with chromic ot 
nitric acid. Although Gulland and Robinson (14) have obtained good results in the preparation of 
2:4: 2": 4’-tetra-aminobenzophenone, the method may not be altogether satisfactory, judging from accounts 
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n the literature (compare Parkes and Morley, J., 1936, 1478). The use of selenium dioxide as an alternative 
nerefore seemed to be worth trial; we find, however, that o-nitrodiphenylmethane is practically unchanged 
nfter 30 hours’ refluxing in acetic acid with the freshly prepared dioxide. Two notable exceptions to the use 
pf chromic or nitric acid are Kliegl’s employment of chloranil (11) and Ruggli’s oxidation-reduction of 
>-nitrodiphenylmethane to 3 : 5-dibromo-2-aminobenzophenone by means of bromine in boiling tetrachloro- 
ethane (15). (iii) Reduction of nitro-groups and of anthroxans has, with few exceptions, been carried out 
with tin or stannous chloride and hydrochloric acid, although small-scale reductions of a number of anthroxans 
no yields given) have been effected by zinc and calcium chloride or ammonium chloride in aqueous alcohol 
2932). In our experience (35 and this paper) the acid reagents mentioned are sometimes unsatisfactory, 
and excellent results may often be obtained by using iron and acetic acid. 

Method I. This route to o-aminobenzophenones has been more widely exploited than any of the 
alternative methods. The results listed suggested that the various amino-ketones should be readily accessible, 
he only apparent limiting factor being the ease of hydrolysis of the sulphonamidoketone [2-tosylamido- 
p’-methoxy-1’-dinaphthyl ketone underwent sulphonation on hydrolysis (2), and 2-tosylamido-2’ : 5’-dimethyl- 
benzophenone could not be hydrolysed (6)]. However, the reactions were all carried out on a fairly small 
scale, and in our experience different cases may vary greatly in their suitability for large-scale preparative 
work. Thus 2-amino-4’-methoxybenzophenone can be readily prepared in any desired quantity, but the 
method is not well suited to the large-scale preparation of o-aminobenzophenone. Stoermer and Fincke (4) 
report using 150 g. batches of p-toluenesulphonylanthranilic acid, but do not record the yield of amino- 
ketone, and they also found it necessary to use ‘“‘ ein an der Luft stark korrodiertes Aluminiumchlorid,” a 
procedure which hardly commends itself as a means of securing reproducible results. We find that the 
yield of o-aminobenzophenone is variable, the best being 49-6% (average of a pair of similar experiments), 
that the reaction always produces considerable amounts of phenyl-p-tolylsulphone (mentioned by Ullmann 
and Bleier as an insignificant by-product), and that slight alterations in the reaction conditions may give rise 
to significant quantities of (i) a new diamino-diketone, probably 2 : 2’-diaminoisophthalophenone (I), (ii) an 
unidentified sulphonic acid (produced during hydrolysis of the tosylamido group), and (iii) N-o-aminobenzoyl- 
anthranilic acid (II) [previously obtained by Anschiitz, Schmidt, and Greiffenberg (Ber., 1902, 35, 3477) by 
alkaline hydrolysis of the quinazolone (III)}. 


O gene 
GID OS 
(I.) (II.) 


Method II. Applied to o-aminobenzophenone, the final stage (reduction of the nitro-ketone) could not 
be achieved by the literature method (Gabriel and Stelzner, Joc. cit.), but gave excellent results when iron and 
acetic acid were used. The preparation of the nitro-ketone by the older methods was not very satisfactory ; 
it proceeded smoothly and in moderate yield (45% based on o-nitrobenzyl chloride) using the improved 
preparation of o-nitrodiphenylmethane described by Tanasescu (Bull. Soc. chim., 1926, 39, 1443) [also 
referred to by Ruggli and Hegediis (15)]. Norris and Klemka (J. Amer. Chem. Soc., 1940, 62, 1432) have 
found that diphenylmethane can be successfully prepared by the Friedel-Crafts reaction if the double salt 
AICl,"NaCl is used in place of aluminium chloride; this modification might be advantageous in the case 
under consideration. 

Method III. The experimental work described in this section deals with tke preparation of various 
o-aminoacetophenones, together with proof of structure where necessary. 

5-Nitro-2-aminoacetophenone (IV), originally obtained in small amount by Bamberger (57), has recently 
been made more accessible by Borsche and Herbert (28). Their method of preparation from o-bromo- 
benzonitrile via o-bromoacetophenone (Method IV) is however expensive, as it requires o-bromonitrobenzene 
as starting material. It has now been found that nitration of o-acetamidoacetophenone gives, as anticipated, 
4 good yield of the 5-nitro-derivative (IV), converted smoothly into the free amine by acid hydrolysis 
[alkaline hydrolysis, as shown by Borsche and Herbert, easily brings-about condensation to the aryl-lepidine 
(V)}._o-Aminoacetophenone, as has been shown by Morgan and Moss (21), and confirmed by Elson, Gibson, 
and Johnson (22), is fairly readily prepared from acetophenone, and although the maximum yield of 
o-nitroacetophenone claimed by the former authors is only 43% of the theoretical (the remainder being largely 
m-ketone), the route acetophenone ——-> o-aminoacetophenone ——> o-acetamidoacetophenone ——> 5-nitro-2- 
acetamidoacetophenone—» 5-nitro-2-aminoacetophenone is preferable to that of Borsche and Herbert, both 
on grounds of cheapness and because the last three stages are rapid and the yields good. 2-Bromo-5-nitro- 
acetophenone (VI) was prepared in good yield from the nitro-amine by the Sandmeyer reaction. 

Various substituted o-aminoacetophenones have also been prepared in this laboratory from m-amino- 
acetophenone, which is easily obtainable in quantity by the method of Morgan and Moss (loc. cit.). Nitration 
of m-acetamidoacetophenone, followed by hydrolysis, gave 47% of 2-nitro-5-aminoacetophenone (VII) and 5% 
of the isomeric 2-nitro-3-aminoacetophenone (VIII). Of these isomers, the former was converted into 2-nitro- 
5-cyano- (IX), and thence into 2-amino-5-cyano-acetophenone (X). 5-Chloro-2-nitro- (XI) and 5-chloro-2-amino- 
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acetophenone (XII) were also prepared from (VII), an appreciable by-product of the Sandmeyer reaction beiyg 
4 : 4'-dinitro-3 : 3’-diacetyldiphenyl (XIII). The yield of 5-chloro-2-aminoacetophenone could be considerabjy 
increased (to 57% based on m-aminoacetophenone) by reversing the order of the two stages involve; 
m-Chloroacetophenone, first obtained by Wahl and Rolland (Aun. Chim., 1928, 10, 5) from methyl m-chlon 
benzoylacetate, has now been prepared in 81-5% yield from m-aminoacetophenone, and on nitration gay 
a mixture from which only 5-chloro-2-nitroacetophenone could be obtained in the pure state. Reduction 


(XVII.) 


Ac Br, c 
NO, INH, 
Mi: 


e 
(XXIII) (XXIV.) (XXV.) 


the residual material, however, yielded an easily separable mixture of 5-chloro-2-aminoacetophenone and 
(as minor component) 3-chloro-2-aminoacetophenone (XIV); the separation was achieved by utilising either 
the comparative reluctance of the 3-chloro-amine to undergo acetylation or, alternatively, the instability of 
its hydrochloride. The same substance (XIV) was also prepared from (VIII) by converting it into 3-chlon 
2-nitroacetophenone (XV) followed by reduction. The nitro-amine (VIII) was reduced to 2 : 3-diaminoacele 
phenone (XVI), which was characterised as an o-diamine via the phenazine (XVII). The formation of this 
phenazine, together with the conversion of each of the amines (XII) and (XIV) into a cinnoline (this vol, 
p. 520) establishes the orientation of all these derivatives of m-aminoacetophenone. 

From the nitration of m-bromoacetophenone, Elson, Gibson, and Johnson (loc. cit.) obtained a single 
product which they identified as 5-bromo-2-nitroacetophenone by oxidation to the corresponding acid. I 
repeating and extending this work it has been found that (i) m-bromoacetophenone is obtainable from 
m-aminoacetophenone in 87% yield as against the earlier figure of 54%, and (ii) nitration does in fact proceed 
analogously to that of m-chloroacetophenone, giving a mixture of 5-bromo-2-nitroacetophenone and 3-bromo- 
2-nitroacetophenone. The latter substance could not be isolated in the pure state from the mixed nitration 
product, but was readily prepared in a state of purity by the alternative route from 2-nitro-3-aminoacet- 
phenone (VIII), and on reduction gave 3-bromo-2-aminoacetophenone (XXIV), identical with one of the 
products obtained by reduction of the mixed bromo-nitro-acetophenones. The other amine, 5-bromo-+ 
aminoacetophenone (KXV), which resulted from this reduction was first prepared by Gibson and Levit 
(J., 1931, 2388) by bromination of o-acetamidoacetophenone followed by hydrolysis, and its constitution was 
established by conversion to 2: 5-dibromobenzoic acid. In confirmation of this result, it has now beet 
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bund that 5-bromo-2-acetamidoacetophenone is obtainable both from o- and from m-aminoacetophenone, 
in observation which affords a structural proof independent of reference compounds. 

The amines (XXIV) and (XXV), like the corresponding chloro-compounds, are easily separated by 
ilising the resistance of (XXIV) to acetylation under ordinary conditions. 

The constitutions of the previously known, and interconvertible, substances (IV) and (VI), although 
arcely in doubt on the basis‘of laws of orientation, have not been formally proved hitherto. A projected 
roof consisted in the conversion of (VI) and (XII) into one and the same 5-chloro-2-bromoacetophenone, 

furtherance of which 2-bromo-5-nitroacetophenone (VI) was reduced to 2-bromo-5-aminoacetophenone ; 
his substance was an oil, which was characterised as the crystalline N-acetyl derivative and as the oxime of 
ihe latter substance. Application of the Sandmeyer reaction to (XII), however, showed that the scheme 

as unsuitable, the alkali-insoluble fraction of the reaction product consisting of an oil, nitration of which 
ave only a small yield of solid product. The desired evidence was eventually obtained by way of the 
hanges (IV) —-> (XVIII) —-~ (XIX) ——> (XX), the last substance being identical with the product 
btained by benzoylating 5-chloro-2-aminoacetophenone (XII), a derivative of m-aminoacetophenone. 

An attempt to prepare pure 2: 5-diaminoacetophenone by reduction (iron and acetic acid) of 5-nitro- 
-aminoacetophenone was unsuccessful, as the product showed the instability characteristic of p-phenylene- 
iamines, and on standing was gradually converted into an almost black mass. , 

Nitration of m-methoxyacetophenone (prepared from m-aminoacetophenone in 48% yield) with fuming 
hitric acid gave exclusively a mixture of dinitromethoxyacetophenones, of which one isomer was isolated in 
he pure state. By the use of weaker acid, however, m-methoxyacetophenone was converted in moderate 
ield into a mononitro-derivative. The structure anticipated for this substance was 2-nitro-5-methoxyaceto- 
phenone, but an authentic specimen of 2-benzamido-5-methoxyacetophenone (XXI) [prepared from 5-amino- 
D-benzamidoacetophenone (XIX)] was not identical with the isomer obtained by reduction and benzoylation 
bf the nitromethoxyacetophenone. However, the amino-ketone derived from the latter compound underwent 
» Friedlander condensation with acetone, yielding 8-methoxy-2 : 4-dimethylquinoline (XXII), whence it follows 
hat the original nitro-compound is 2-nitro-3-methoxyacetophenone (XXIII). 

Method IV. In the single published example of the preparation of an o-aminoacetophenone by this 
method, the yield is not recorded, and a repetition of the work proved unsatisfactory, the optimum conditions 
ppparently being sharply defined by the tendency of the amino-ketone to condense to the aryl-lzpidine (V). 
Vith regard to the two o-aminobenzophenones, the reaction between ammonia and 2-chloro-5-nitrobenzo- 
phenone was found to be extremely sluggish, but to proceed easily with the chlorodinitrobsnzophenone. 
he resultant dinitroaminobenzophenone gave a benzoyl derivative with some difficulty, but did not react 
with acetic anhydride. 

Method V. Reference has already been made to the improvement which results from the.use of iron 
pnd acetic acid in place of tin or stannous chloride and hydrochloric acid. 

Method VI. This might be expected to be the most generally applicable of all the available routes to 
o-aminobenzophenones, on account of the numerous o-benzoylbenzoic acids which have been prepared; in 

practice, however, it has frequently proved to be unreliable. Thus Meisenheimer, Senn, and Zimmermann 
(loc. cit.) state that Method I gives a distinctly better yield of o-aminobenzophenone than the Hofmann 
degradation, and a short trial of the same experiment in this laboratory also showed it to be unsatisfactory. 

he final stage is evidently capricious; thus Kippenberg (loc. cit.) found that the age of the hypobromite 
profoundly affected the course of the reaction in the preparation of 4’-methyl-2-aminobenzophenone, and 
Schaarschmidt and Herzenberg (Joc. cit.) met with no success in various attempts to make 2’ : 5’-dimethyl- 
2-aminobenzophenone from the corresponding amide. A further objection to the method-is that conversion’ 
of the acid chloride to the amide does not always proceed smoothly; in illustration of this point the low 
yield of amide (18 g. from 35 g. of acid) obtained by Kippenberg (loc. cit.) may be cited, and also the notable 
divergence between the results obtained by Huntress, Pfitzer, and Pfitzer (loc. cit.) and by Miller and Bachman 
(loc. cit.) in the case of 3-bromo-2-benzoylbenzoic acid. Both sets of workers prepared the acid by the same 
method, and obtained the same acid chloride from it. From this compound Miller and Bachman claimed 
to have prepared an amide, m. p. 135—140°, which gave an amine, m. p. 128—130°. Huntress ef al., on 
the other hand, obtained an amide, m. p- 202°, and an amine, m. p. 85°, which is undoubtedly 6-bromo- 
2-aminobenzophenone, since it was converted into 1-bromofluorenone of unambiguous orientation. Miller 
and Bachman’s amine, incorrectly formulated as 3-bromo-2-aminobenzophenone, cannot be regarded as an 
o-amino-ketone, because the “ bromofluorenone’”’ which they claimed to have obtained from it is not 
identical with any of the four isomeric bromofluorenones (Huntress ef al., loc. cit.; Heilbron, Hey, and 
Wilkinson, J., 1939, 113). It may be pointed out that Miller and Bachman’s “ aminobenzophenone ” and 
bromofluorenone ” are inadequately characterised, and their molecular formule are not rigidly established 
by the published analytical data. 

In connection with the o-acylbenzoic acids used as intermediates in this method, the work of de Benneville 
Y: Org. Chem., 1941, 6, 462) is worthy of attention; he states that superior yields of these acids, both of the 
acetophenone and the benzophenone type, may be obtained by the use of acid anhydrides and cadmium 
dialkyls or diaryls in place of Grignard reagents. 

_. Method VII. This method is of very limited application. The yields are not satisfactory and the method 
'S tedious. It is probably inapplicable to nitro-amines, ¢.g., 80% and 57%, respectively, of 2-nitro-4-benz- 
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amidotoluene were recovered after being heated with excess benzoyl chloride for 12 hours at 190° and for 
18 hours at 215°. On the other hand, it might well prove satisfactory in the case of substances, ¢., 
m-anisidine, which have a highly anionoid position adjacent to the amino group. iat ; 

Method VIII. As a large-scale route to o-aminoacetophenones, this method is inferior to Method III on 
account of the expensive :-eagents involved (o-nitrobenzoyl chloride and diazomethane or acetoacetic ester), 


The aminobenzophenone cited, however, does not appear to have been obtained in the pure state by any 
other method. 


Method IX. This is a modern method designed by the authors to obviate the disadvantages of Method IL, 
Its main asset, in addition to rapidity, is that it opens a route to o-aminobenzophenones having a wider range 
of substituents in the non-basic nucleus than are obtainable by other methods. Its preparative value suffers 
from the defect that acetanthranil (A) is unstable (Bogert, Gortner, and Amend, J. Amer. Chem. Soc., 1911, 
88, 949), much of it being recovered from the reaction as anthranilic acid. Incidentally, the structure (A) 
used by Lothrop and Goodwin (loc. cit.) for acetanthranil is that ieee one time gained acceptance, but 
was later discarded in favour of the 4-membered ring structure, CHS | , for acylanthranils generally 

\\N—cOR | 
by Heller (Ber., 1915, 48, 1183). Heller’s conclusions do not appear to have been subsequently questioned 
(compare Bogert and Scatchard, J. Amer. Chem. Soc., 1919, 41, 2054), and the structure advocated by him 
explains Lothrop and Goodwin’s reaction satisfactorily. 


Method X. The three examples of this method, due to Kunckell, of preparing «-chloro-o-aminoaceto- 
phenones appear to be the only ones on record. No yields are given, and the scope is evidently limited. 


EXPERIMENTAL. 


M. p.’s are uncorrected. Nitrations were carried out with ee stirring. Cuprous halides for Sandmeyer 
reactions were prepared as described in Org. Synth., Coll. Vol. I, p. 163. 

Method I. % ‘od iathaunabienenee The aluminium chloride was in all cases roughly ground before use. The 
results obtained in a number of experiments are summarised below. The general procedure was to decompose the 
reaction-mixture with ice and hydrochloric acid and to remove solvent in steam. In experiments marked os 
crude non-volatile residue was given a preliminary digestion with warm sodium carbonate solution, after which the 
sulphonamido-ketone was separated from phenyl-p-tolylsulphone by repeated extraction with hot dilute eon 
sodium hydroxide before hydrolysis, which was carried out by heating it for }—1 hour on the steam-bath oe rg ; 
parts by weight of concentrated sulphuric acid; the solution was then diluted with 2 volumes of water, fi ows , ani 
basified with ammonia. In unmarked experiments, the treatments with alkali were omitted, and the sulp! vm ne 
separated from the diluted hydrolysate before basification. The p-toluenesulphonylanthranilic acid ow go ; 
m. p. 230—232° (sintering 227°) after crystallisation from aqueous alcohol; Ullmann and Bleier, yee “ye i 
Bachman (loc. cit.) record m. p. 217° and 217—218° respectively. The acid chloride, made by refluxing the acid (3 p . 
phosphorus pentachloride (2-4 parts), and benzene (10 parts by volume) for 1 hour, was easily soluble in gy? it 
separated from benzene-ligroin or benzene-ether in colourless prismatic needles, m. p. 125—126 (Found : ’ : - 
H, 4:2. C,,H,,0,;NCIS requires C, 54-3; H, 3-9%). Miller and Bachman (loc. cit.) give m. p. 129° for unanaly 
material. 


Products (g. of recryst. solid). 
Experi- i 
mua. Conditions. (a). (b). (c). (d). 
*1  40G. acid, 400 c.c. benzene, 32 g. PCI, refluxed lhr. — 0-7 Not looked for. 

Added 60 g. AJC], at room temp., left 3 hr., then 
+ hr./60°, then overnight/room temp. Total 
cryst. amino-ketones, 7 g. 

28-5 G. acid chloride, 200 c.c. benzene, 30 g. AICI,. 
Frequent shaking; temp. rose from 20° to 40°. 
Left at 40°/2 hr./760 mm., then } hr./25—30 mm. 

153 G. acid chloride, 750 c.c. benzene, 80 g. AICI;, 
then 30 g. after} hr. Left at 40°/2 hr./760 mm. - 
(frequent shaking), then 1} hr./50—60 mm.; (a) 
obtained by prolonged fract. cryst. from alcohol of 
hydrochlorides of crude amino-ketones (63 g.). 

142 G. acid chloride in 500 c.c. benzene and 100 c.c. 
nitrobenzene (solvents not dried) added to 80 g. 
AICI, in 200 c.c. nitrobenzene at 10°, then 3 hr./ 
room temp.; 120 g. p-toluenesulphonylanthranilic 
acid recovered. 

50 G. acid chloride susp. in 200 c.c. benzene added 4:8 ery 
to 30 g. AICI, in 70 c.c. nitrobenzene at 5°, then present (crude 
50 c.c. benzene. Left 3 days at room temp. acid, m. p. 


260—265°). 





*6 50 G. acid chloride, 500 c.c. benzene, 50 g. AICI, in 
$ hr. at 40—45°, then 14 hr./50°, then } hr. nearly - 
boiling; frequent shaking. I 
*7 As No. 6, except that soln. was heated to boiling 11 
a ? hr. after adding AICI, and finally refluxed 
0 mins. ; 
. . t 
The acid filtrates from the non-steam-volatile material of Nos. 6 and 7 were concentrated to crystallisation pom 
basification gave an additional 6 g. of (a). : ili id 
(a) = o-Aminobenzophenone; (b) = 2: 2’-diaminoisophthalophenone; (c) = N-o-aminobenzoylanthranilic ac! 
(d) = unidentified sulphonic acid; (e) = phenyl-p-tolylsulphone. 
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o-Aminobenzophenone hydrochloride, sparingly soluble in absolute alcohol containing a little concentrated 
hydrochloric acid, formed needles, often salmon-pink in colour, m. p. 192—193° (decomp.) (Found: C, 66-8; H, 4-95. 
Calc. for CjsH,,ONC1: C, 66-8; H, 5-2%); a nine-months’-old specimen had m. p. 187—188° after recrystallisation. 
Graebe = — (Joc. cit.) and Hayashi et al. (Bull. Chem. Soc. Japan, 1936, 11, 184; A., 1936, 845) both give 
m.p. 17 5 

"2: 2’-Diaminoisophthalophenone crystallised from methyl alcohol in bright yellow prismatic needles, m. p. 110—111° 
(depressed when mixed with o-aminobenzophenone, m. p. 105—107°) (Found: C, 75-7; H, 5-6; N, 91. CypH,,O,Ny 
requires C, 75-9; H, 5-1; N, 89%). The diacetyl derivative, prepared in pyridine solution at 100°, formed minute 
straw-coloured prisms, m. p. 106—108° (efferv.), from aqueous alcohol (Found, C, 72-6; H, 5:2; N, 7-4. Cy,H»O,N, 
requires C, 72-0; H, 5-05; N, 7-0%). 

N-o-Aminobenzoylanthranilic acid was isolated from Expt. 5 as the ammonium salt, which was thrown out when 
the filtrate from the sulphone was basified with ammonia, and from Expts. 6 and 7 by extracting the combined crude 
amino-ketone fractions with water, followed by basification. -It separated from rectified spirit in almost colourless, 
brittle, prismatic needles, m. p. 205—206° (Anschiitz, Schmidt, and Greiffenberg, Joc. cit., give m. p. 203°) (Found : 
C, 65°55; H, 56-4; N, 11-3. Calc. for C,,H,,0,;N,: C, 65-6; H, 4:7; N, 10-9%). Its identity was established by 
refluxing it (300 mg.) with aqueous sulphuric acid (6 c.c. of 1: 1 by volume) for } hr. The solution was then made 
alkaline, benzoylated, filtered, acidified, the precipitate boiled with a little water, and the insoluble residue crystallised 
from aqueous alcohol; N-benzoylanthranilic acid separated in needles, m. p. 180—181° alone and mixed with an 
authentic specimen. 

Sulphonic Acid, C;H,O,NS.—This was obtained by evaporation of the filtrates from which the foregoing acid had 
been isolated in Expts. 6 and 7. The acid was practically insoluble in benzene, moderately soluble in hot alcohol and 
in cold water, and very easily in hot water; it separated from the last named solvents in small prismatic needles, 
m. p. 341—342° (decomp.) after darkening at 300°, and thin colourless blades, respectively. It did not couple with 
alkaline B-naphthol after attempted diazotisation; it yielded oils with pyridine—acetic anhydride at 100° and when 
it was refluxed with methanol-sulphuric acid (Found : C, 44-6, 44-7; H, 5-7, 5-9; N, 7°55; S, 17-6. C,H,O,NS requires 
C, 44:9; H, 4-9; N, 7°5; S, 17-1%). 

B. 2-Amino-4’-methoxybenzophenone.—For large-scale work, the procedure of Ullmann and Bleier (loc. cit.) was 
modified as follows. -Toluenesulphonylanthranilic acid (150 g.), phosphorus pentachloride (120 g.), and carbon 
disulphide (500 c.c.) were refluxed for 1 hour. Anisole (100 c.c.) was added to the slightly warm solution, stirred 
mechanically until the end of the reaction, followed by aluminium chloride (150 g., roughly ground); this was added 
during }—1 hour in 4—5 portions, the heat of reaction being sufficient to keep the mixture gently boiling. It was 
finally heated on the steam-bath for # hour, the carbon disulphide decanted, and the insoluble complex decomposed 
with ice-hydrochloric acid (the decomposition is usually delayed for several hours, and finally becomes violent). 
After standing overnight, the sulphonamido-ketone was filtered off and washed with water and ether, leaving an 
almost colourless crystalline product (170—175 g.). This was treated with a warm (80°) mixture of concentrated 
sulphuric acid (700 c.c.) and glacial acetic acid (700 c.c.), heated for 1 hour on the steam-bath, and poured into water 
(28 litres). After filtration (charcoal), the solution was basified with ice and ammonia (d 0-880), and the crude 
amino-ketone filtered off after-standing overnight. Four such runs gave 81, 73, 75, and 86 g. of crude product, which 
after crystallisation from benzene-ligroin formed hard yellow prisms, m. p. 78—80° (279-5 g., 59°7% based on 
a “ed per meromens acid). 

Method 0-A minobenzophenone.—After the prescription of Geigy and Kénigs (loc. cit.) for the preparation of 
o-nitrobenzophenone had been tried without success, the modification of Tatschaloff (Joc. cit.) was used. The benzene 
solution from the Friedel-Crafts reaction using 40 g. of o-nitrobenzyl chloride was filtered from resin and evaporated, 
and a solution of the residue in acetic acid (110 c.c.) was immediately refluxed with chromic anhydride (110 g.) in 
water (110 c.c.) and acetic acid (220 c.c.) for about 6 hours. The nitroketone had m. p. 103—105° after two crystallis- 
ations from alcohol, but the yield (20 and 21-5 g. from two runs) was inferior to that claimed by Tatschaloff. The 
method of Tanasescu (loc. cit.) gave a purer sample of o-nitrodiphenylmethane (16-5 g. from 20 g. o-nitrobenzy] chloride), 
from which o-nitrobenzophenone (12 g.) was obtained on oxidation. | 7 

Reduction of the nitroketone by the method of Gabriel and Stelzner (Joc. cit.) (stannous chloride and fuming 
hydrochloric acid), as well as. by slight modifications thereof, was unsuccessful, the products being unchanged nitro- 
ketone or oily mixtures. Excellent yields resulted from the use of iron and acetic acid; the following is a typical 
experiment. A solution of the nitroketone (15 g.) in acetic acid (120 c.c.) at 90—95° was treated with iron filings (20 g.) 
added in 10—12 portions during 1} hours with frequent shaking. Additions of 30 c.c. portions of water were made 
at the start of the reaction and after } hour. After 1} hours the suspension was diluted with water and extracted 
with ether. .The extract was washed with water, sodium carbonate solution, again with water, dried, and evaporated. 
A solution of the residue in aqueous alcohol gave o-aminobenzophenone (11-65 g., 89%), m. p. 103—105°. 

Method III. Large-scale Preparation of o- and m-Aminoacetophenone.—The following conditions, based on those 
of Morgan and Moss and of Elson, Gibson, and Johnson (loc. cit.), were used in large-scale work. A mixture of aceto- 
phenone (90 c.c.) and acetic acid (5 c.c.) was added during } hour to nitric acid (420 c.c., d 1-50) at a reaction temper- 
ature of 0° to — 3°. The solution was maintained for a further } hour at the same temperature, and then poured on 
to crushed ice. Two crystallisations from alcohol of the filtered and washed product gave m-nitroacetophenone of 
sufficient purity (m. p. 75—78°) for reduction. The material in the first alcoholic filtrate gave a further crop; total 
yield from 1110 g. of acetophenone, 608 g. (40%). Basification of the aqueous acid liquors with solid sodium carbonate 
and, finally, with aqueous sodium hydroxide, followed by ether-extraction, yielded mixed nitro-ketones amounting to 
18-19% of the total neutral nitration products, but on the large scale this recovery was not considered worth the 
extra labour involved. 

Reduction of m-nitroacetophenone was carried out in 90 g. batches; each batch was suspended in water (180 c.c.), 
and added during 1} hours to a well-stirred suspension of iron filings (105 g.) in water (600 c.c.) and acetic acid (30 c.c.) 
at 75°. The mixture was then boiled gently for # hour with continued stirring and filtered while hot, the amino- 
ketone separating rapidly as the filtrate cooled. The iron sludges from several batches were bulked and repeatedly 
extracted with boiling water; the extracts were combined with the filtrate from the amino-ketone, made just acid 
to Congo-red, evaporated to a small volume, and basified with ammonia. The total crude amino-ketone, always heavily 
contaminated with iron compounds, was readily purified by extracting the air-dried material with boiling ether in 
which it is sparingly soluble in the cold; the pure amine separated in hard, faintly yellow crusts, m. p. 98—99° (Morgan 
and Moss give m. p. 92—93°, and Elson, Gibson, and Johnson give m. p. 98—99°); yield, ca. 80% based on m-nitro- 
acetophenone (32% based on acetophenone). 

Reduction of crude o-nitroacetophenone (contained in the first alcoholic filtrate from the m-nitroketone, and freed 
as far as possible from this by refrigeration) was effected in 50 g. batches with concentrated hydrochloric acid (270 c.c.) 
and tin (60 g.) during 1 hour. The temperature was allowed to rise freely almost up to the boiling point, as reduction 
was incomplete if the control of temperature was too rigid (+80°). Steam-distillation of the amine was essential ; 
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experiments in which this was omitted gave a product contaminated with m-aminoacetophenone, which crystallised 
on standing. Pure o-aminoacetophenone had b. p. 130—131°/14 mm.; the oil possessed a remarkably persistent 
sweet smell in high dilution, and solidified in the ice-box to a crystalline mass (20-5%, based on acetophenone) which 
melted at room temperature (Elson, Gibson, and Johnson give m. p. 20°, b. p. 130-5°/14 mra.). Experiments using 
iron and acetic acid as the reducing medium gave unsatisfactory results. 

o-Aminoacetophenone Derivatives. 5-Nitro-2-aminoacetophenone.—o-Acetamidoacetophenone (25 g.) was added 
during }# hour to a mixture of nitric acid (125 c.c., d 1-48) and concentrated sulphuric acid (25 c.c.) at 0° + 3°. After 
a further # hour at the same temperature the solution was poured on to crushed ice; the crude product (25-1 ¢.), 
digested with boiling alcohol (500 c.c.) and filtered cold, gave pure 5-nitro-2-acetamidoacetophenone (23-4 g.), m. p. 
153—154-5° (Borsche and Herbert, Joc. cit., give m. p. 152—153°), as yellow needles with an orange reflex. Although 
Borsche and Herbert describe the alkaline hydrolysis of this compound to the amine, the conditions are evidently 
critical, because when a suspension of the acetamido-compound (0-8 g.) in boiling alcohol -(10 c.c.) was treated with 
15% aqueous potassium hydroxide (2 c.c.), and the whole refluxed for 2 hours, the product (m. p. 308—310°) apparently 
consisted of the lepidine (V) formed by intermolecular condensation. The free amine was, however, readily obtained 
by acid hydrolysis; the acetamido-compound (23-4 g.) was heated on the steam-bath with alcohol, concentrated 
hydrochloric acid and water (115 c.c. of each), a further 115 c.c. of alcohol being added after 20 minutes. The alcohol 
was then allowed to boil off freely during } hour, and 5-nitro-2-aminoacetophenone (18-5 g.) was obtained in the pure 
state [m. p. 153—154° (depression with starting material); Jit. m. p.’s, 151—152° (Borsche and Herbert), 150—151° 
(Bamberger, ref. 57)] by basification with ammonia. 

5-Nitro-2-benzamidoacetophenone, prepared from the amine (10 g.), benzoyl chloride (10 c.c.), and pyridine 
(30 c.c.), and isolated by precipitation with alcohol (13-6 g., m. p. 193—194°; Borsche and Herbert give m. p. 193°) 
a pale yellow fern-like aggregates from acetone-alcohol (Found: C, 62-9; H, 4-5. Calc. for C,,H,,0,N,: 

, 63-4; H, 43%). 

2-Bromo-5-nitroacetophenone.—A suspension of §-nitro-2-aminoacetophenone (0-67 g.) in hydrobromic acid (6 c,c,, 
d 1-45) and water (3 c.c.) was diazotised with 5% aqueous sodium nitrite, and the filtered solution added to one of 
cuprous bromide (prepared from 1-73 g. of copper sulphate crystals) in hydrobromic acid (4 c.c.). After 4 hour at 
room temperature, the suspension was warmed for } hour on the steam-bath,: and the resultant bromo-compound 
(0-53 g.) recrystallised from alcohol, from which it formed long, almost colourless blades, m. p. 85—-87° alone and when 
mixed with a sample prepared by nitrating o-bromoacetophenone (Meisenheimer, Zimmer, and v. Kummer, Annalen, 
1926, 446, 20; Borsche and Herbert, Joc: cit.). 

Reduction of the nitro-ketone (1 g.), carried out in the manner described below for analogous compounds with 
acetic acid (6 c.c.), water (6 c.c.), and iron filings (1-5 g.), gave an oily amine, from which, by warming with acetic 
anhydride and then basifying with ammonia, 2-bromo-5-acetamidoacetophenone was obtained. This substance crystal- 
lised from ether in sheaves of long, soft, hydrated needles, which when dried at room temperature. (0-1 mm.) first 
liquefied and then gradually changed to a brittle crystalline mass, m. p. 90-5—92°, possibly still slightly hydrated 
(Found: Br, 29-75. C,9H,O,NBr requires Br, 31:2%). The corresponding oxime formed thin parallelepipeds, 
~ p. SH, 619%) from aqueous alcohol, and contained halogen (Found: C, 44:5; H, 4-15. C,9H,,O,N,Br requires 

, 44:3; H, 41%). 

5-A mino-2-benzamidoacetophenone.—5-Nitro-2-benzamidoacetophenone (13-6 g.) was reduced in the usual way with 
acetic acid (105 c.c.), water (100 c.c.), and iron filings (20 g.). After a reaction time of 14 hours, the suspension was 
largely diluted with water, the mixture of iron sludge and crystalline amino-ketone filtered off, and the filtrate and 
mixed solids extracted successively with the same batches of chloroform (ether was unsatisfactory as an extractant). 
Evaporation of the washed and dried chloroform solution to small bulk followed by addition of ether, gave 5-amino- 
2-benzamidoacetophenone (11-3 g.) as a greenish-yellow microcrystalline solid, m. p. 141—143°; the amine separated 
from aqueous alcohol in small, yellow, prismatic needles, m. p. 143—145° (Found: C, 70-15; H, 5-1. C,,;H,,0,N, 
requires C, 70-8; H, 555%). 

5-Chloro-2-benzamidoacetophenone.—The foregoing substance (0-3 g.) and 2n-hydrochloric acid (5 c.c.) gave a coijour- 
less suspension of the hydrochloride, which was diazotised with 2}% aqueous sodium nitrite; owing to the insolubility 
of the hydrochloride, no reaction occurred until partial solution was effected by adding 2—3 c.c. of acetic acid, and 
complete formation of the diazonium salt was only achieved by eventual dilution with water, as the salt was very 
sparingly soluble in moderately concentrated acetic acid. Addition of the suspension of diazonium salt to a solution 
of cuprous chloride (2 g.) in concentrated hydrochloric acid (10 c.c.) produced a voluminous white precipitate, but 
nitrogen was not disengaged until the mixture was boiled for 5 minutes. The precipitated 5-chloro-2-benzamidoaceto- 
phenone crystallised from alcohol in long, silky, almost colourless needles, m. p. 140—141-5° alone and when mixed 
with an authentic specimen of the same m. p. (prepared from 5-chloro-2-aminoacetophenone obtained from m-amino- 
acetophenone) (Found: C, 65:7; H, 4:3. C,,H,,O,NCl requires C, 65-8; H, 4-4%). 

2-Benzamido-5-methoxyacetophenone.—A suspension of 5-amino-2-benzamidoacetophenone (1-5 g.) in sulphuric acid 
(15 c.c. of 2N) was diazotised as completely as possible by the above procedure. The resultant suspension was added 
in portions during a few minutes to a boiling solution of copper sulphate (5 g.) in water (25 c.c.) and sulphuric acid 
(10 c.c. of 2N); when all had been added the mixture was boiled for a further 5 minutes. Some tar was precipitated 
and, on cooling, colourless crystalline material. The whole was extracted with chloroform, the phenol dissolved vut 
by 0-6N aqueous sodium hydroxide and this solution, after extraction with ether, was acidified. The precipitated 
5-hydroxy-2-benzamidoacetophenone was almost pure (0-48 g.) after one crystallisation from aqueous alcohol, a further 
crystallisation giving brittle, slender yellow needles, m. p. 204—205° (Found : C, 70-4; H, 5-4. C,,H,,0,N requires C, 
70-6; H, 51%). ‘The substance gave no perceptible ferric reaction; it formed a beautiful gold-coloured sodium salt, 
sparingly soluble in cold 4% sodium hydroxide solution. Addition of methyl sulphate to a warm solution of the 
phenol in excess of aqueous sodium hydroxide precipitated 2-benzamido-5-meihoxyacetophenone. This crystallised from 
aqueous alcohol or chloroform-ligroin (b. p. 40—60°) in long yellow prisms, m. p. 117—118° (90-—98° when mixed with 
the 3-methoxy-isomer) (Found: C, 71:3; H, 5-4. C,gH,,0,N requires C, 71-3; H, 5-6%). 

5-Bromo-2-acetamidoacetophenone.—The following conditions gave a better yield than that obtained by Gibson and 
Levin (loc. cit.). To a shaken solution of o-acetamidoacetophenone (5-3 g.) in acetic acid (16 c.c.) bromine (1-6 c.c., 
diluted to 5 c.c. with acetic acid) was added during } hour. Towards the end of the reaction more acetic acid 
(5—10 c.c.) was added to facilitate agitation of the mixture which had become almost solid. The temperature was 
maintained slightly above that of the laboratory by external cooling. When all the bromine had been added the 
suspension was diluted with water and the separated bromo-compound was twice crystallised from alcohol. It was 
obtained in colourless needles, m. p. 158—159-5° (6-1 g.), which gave no depression when mixed with a sample prepared 
from m-bromoacetophenone (q.v.). : 

m- enone derivatives. 2-Nitro-3-amino- and 2-Nitro-5-amino-acetophenone.—Powdered m-acetamido- 
acetophenone (30 g.) was added during } hour to a mixture of nitric acid (120 c.c., d 1-48) and concentrated sulphuric 
acid (48 c.c.) at a reaction temperature of — 10° to — 5°. After a further 4 hour at — 5°, the solution’ was poured 

























[1945] 


into ice- 
ueous 
sisfact 
the pure 
sparingl 
The 
centrate 
m-aceta 
soluble 
js mode 
often hi 
The am 
most so 
ether (1 
added 1 
previou 
alcohol 
crystall 
H, 4:4! 
colour, 
2-N 
hydroc 
with sc 
solid s¢ 
cyanid 
After 1 
with e' 


as alr 
of cor 
room 
with « 
in alc 
brow! 
C, 58 
comb 
exper 
and t 
2-nits 
From 
requi 

A 
in po 
60 m 


-— be oS mt 


ll ee, ee i | ee (ee 


[1945] o-Amino-ketones of the Acetophenone and Benzophenone Types. 655 


into ice-water (600 g.). The crude products from this and two similar runs were combined and crystallised from 

ueous alcohol, giving 83 g. of a product which consisted principally of 2-nitro-5-acetamidoacetophenone, but could not 
satisfactorily be purified by crystallisation. A small scale nitration (2 g.), however, readily afforded this substance in 
the pure state; it was easily soluble in hot aqueous alcohol and separated in pale yellow needles, m. p. 146-5—148°, 
sparingly soluble in ligroin and benzene (Found : N, 12-9. C,9H90,N, requires N, 12-6%). 

The above mixture of nitrated acetamido-derivatives (83 g.) was heated for # hour on the steam-bath with con- 
centrated hydrochloric acid (400 c.c.) and water (400 c.c.). The mixture of crude nitro-amines (118 g. from 180 g. of 
m-acetamidoacetophenone), obtained by addition of ammonia, readily yielded 2-nitro-5-aminoacetophenone as the least 
soluble component on crystallisation from alcohol (85 g., 47% based on m-acetamidoacetophenone); this substance 
is moderately soluble in hot alcohol, and, from the cold solution, it was obtained in glistening golden, brittle plates, 
often having a red or purple tinge, m. p. 148—149° (depressed by admixture with 2-nitro-5-acetamidoacetophenone). 
The amine has a very high crystallising power (Found: C, 53-6; H, 4-2. C,H,O,N, requires C, 53-3; H, 44%). The 
most soluble fraction in the alcoholic filtrate was a somewhat sticky solid which became granular on digestion with 
ether (18-3 g., m. p. 75—85°). This was warmed with concentrated hydrochloric acid (50 c.c.), and acetic acid was 
added until the hydrochloride just dissolved on boiling; on cooling, the salt [12-5 g., m. p. 108—109° (efferv.) after 
previous softening] separated in long yellow needles. Basification with ammonia and crystallisation from aqueous 
alcohol furnished 2-nitro-3-aminoacetophenone (9-2 g.) in bright reddish-orange prisms, m. p. 91—93°. This amine 
crystallises well from warm methanol and from hot benzene (Found: C, 53-1; H, 4:55. C,H,O,N, requires C, 53-3; 
H, 44%). It showed little tendency to acetylate under normal conditions, as evidenced by the persistence of the 
colour, but the point was not investigated in detail. 

2-Nitro-5-cyanoacetophenone.—2-Nitro-5-aminoacetophenone (7-2 g.) was dissolved in a hot mixture of concentrated 
hydrochloric acid (20 c.c.), water (40 c.c.), and acetic acid (20 c.c.). The suspension obtained on cooling was diazotised 
with sodium nitrite (2-8 g.) in water (20 c.c.), and the almost clear solution made neutral to Congo-red by addition of 
solid sodium carbonate. The cold solution was then added in portions during } hour to an ice-cold solution of cuprous 
cyanide (from 12-5 g. of copper sulphate; Org. Synth., Coll. Vol. I, p. 500); reaction was very brisk even in the cold. 
After 1 hour at room temperature, the suspension was maintained at 60—65° for }# hour, and then cooled and extracted 
with ether. The extract was washed with water, and then with aqueous sodium hydroxide; the amount of phenol 
present was small, but it gave an intensely purple solution in alkali and could not be completely removed by several 
extractions. The solution was finally washed with water, dried, and evaporated. The residual red oil readily 


' crystallised in part from alcohol, a further crystallisation giving almost pure nitrile, m. p. 109-5—112° (4-2 g.). An 


analytically pure sample had m. p. 112—113°, and separated from alcohol, in which it was only moderately soluble, 
in sheaves of brittle deep yellow needles (Found: N, 14:9. C,H,O,N, requires N, 14-7%). 

2-Amino-5-cyanoacetophenone.—A solution of the above nitro-nitrile (2 g.) in acetic acid (15 c.c.) was treated at 
90—95° with iron powder (3 g.), added in portions during.1 hour; five additions of water (2 c.c. portions) were made, 
at the start of the reaction and at successive quarter-hour intervals. After a further 4 hour, the product was isolated 
by dilution and ether-extraction, yielding crude crystalline amino-nitrile (1-45 g.), which formed pale soft yellow needles 
from benzene, and light brown polyhedra, m. p. 132—133-5°, from benzene-ether containing a little ligroin. The amine 
dissolved very easily in the alcohols, was moderately soluble in benzene, sparingly in ether, and almost insoluble in 
ligroin (Found : N, 17-5. C,H,ON, requires N, 17-1%). 

5-Chloro-2-amino- and 3-Chloro-2-amino-acetophenone.—(a) 2-Nitro-5-aminoacetophenone (14-4 g.) was diazotised 
as already described and the solution added in portions during 10—15 minutes to one of cuprous chloride (from 25 g. 
of copper sulphate) in concentrated hydrochloric acid (40 c.c.). Reaction was brisk at 5—10°, and after two hours at 
room temperature the mixture was finglly heated at 55—60° for} hour. The crude solid was filtered cold and digested 
with ether; 2 g. of 4: 4’-dinitro-3 : 3’-diacetyldiphenyl, insoluble in ether, separated. This substance was almost insoluble 
in alcohol and acetone, and moderately soluble in chloroform and in hot acetic acid, from which it separated in light 
brown, thin needles, m. p. 213—213-5°; it was free from halogen (Found: C, 58-2; H, 3-4. C,,H,,O,N, requires 
C, 58:5; H, 3-7%). The aqueous filtrate from the crude Sandmeyer product was extracted with ether and the extract 
combined with the ethereal filtrate from the diphenyl derivative. This solution was added to that from another 
experiment using 7-2 g..of the nitroaminoacetophenone (1 g. of diphenyl compound was obtained from this experiment) 
and the whole was washed with water, aqueous sodium hydroxide, and again with water. On distillation, 5-chloro- 
2-nitroacetophenone (13-3 g.) was obtained as a lemon-yellow oil (b. p. 162—163°/13 mm.) which rapidly crystallised. 
From aqueous methanol it was obtained in almost colourless, long needles, m. p. 63—65° (Found: Cl, 17-7. C,H,O,NCl 
requires Cl, 17-8%). 
_ A solution of the nitro-ketone (25 g.) in acetic acid (125 c.c.) was treated at ca. 95° with iron powder (35 g.), added 
in portions during 80 minutes with frequent shaking; additions of water (30 c.c. portions) were made at 0, 20, 40, and 
60 minutes from the beginning of the reaction. After 2 hours, the product was isolated by dilution with water and 
extractioh with ether, 5-chloro-2-aminoacetophenone (56-8 g., 89%, from 75 g. of nftro-ketone) separating from ether— 
ligroin in soft, pale yellow leaflets, m. p. 65—66°, or bright yellow, brittle needles, m. p. 63—64° (Found: C, 56-4; 
H, 4:4. CsH,ONCI requires C, 56-6; H, 4-7%). 

5-Chloro-2-acetamidoacetophenone, prepared with 2-5 parts of acetic anhydride, was appreciably soluble in warm 
ether, easily soluble.in hot alcohol, and sparingly soluble in each cold solvent. From alcohol it crystallised in 
colourless silky needles, m. p. 134-5—135-5° (Found: N, 7:15. Cy9H,O,NCl requires N, 6-6%). The parent amine 
ered regenerated by short heating with a mixture of alcohol, water and concentrated hydrochloric acid 

(b) A solution of m-aminoacetophenone (37-8 g.) in hydrochloric acid (2Nn, 285 c.c.) was diazotised with 20% aqueous 
sodium nitrite, and the solution added in portions during 20 minutes to one of cuprous chloride (from 87-5 g. of copper 
sulphate) in concentrated hydrochloric acid (140 c.c.) at 10°. After 2 hours at room temperature, and } hour at 
60—70°, the mixture was extracted with ether. Distillation of the dried product (2 batches) yielded m-chloroaceto- 
phenone as a colourless oil, b. p. 110—111°/12 mm. (70 g., 815%). The residue from the distillation solidified on cooling, 
and was obtained as a sticky solid from alcohol. Repeated crystallisation from ethyl acetate gave a substance, pre- 
sumably 3 : 3’-diacetyldiphenyl, which crystallised in halogen-free, pale brown, stout prisms (0-5 g.), m. p. 123—124° 
(Found : C, 80-7; H, 5-7. C,,.H,,O, requires C, 80-65; H, 5-9%). 

This chloroketone (17-5 g.) was added during 10—15 minutes to nitric acid (85 c.c., d 1-5) at — 10° to — 5°. After 
a further 20 minutes in the freezing-mixture, the solution was allowed to reach 5° during $ hour, and then poured into 
ice-water. The solid nitration product (116 g., 89%) was fractionally crystallised from ether and yielded 5-chloro- 
-nitroacetophenone (65 g.), m. p. 62—64°, which formed large heavy polyhedra; it did not depress the m. p. of the 
Sample prepared in (a). The residual mixture of nitro-compounds could not be purified by crystallisation; distillation 
(short Vigreux column) gave a constant-boiling mixture (184—186°/24 mm.). The mixture was therefore reduced with 
iron and acetic acid as already described for similar cases, and the resultant mixture, consisting of 5-chloro-2-amino- 
acetophenone (mainly) and a little 3-chloro-2-aminoacetophenone, was separated by either of the following methods : 
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(i) The mixture (1 part) was warmed with a mixture of ordinary (4 parts) and concentrated (0-4 part) hydrochloric 
acid, and the solution decanted from the insoluble oil (A), which was re-extracted with the same amount of fresh acid, 
The gummy hydrochloride which separated from the combined and concentrated extracts was digested with ether 
(extract B) and filtered; it had m. p. 170—173° (decomp.), and on basification gave 5-chloro-2-aminoacetophenone, 
m. p. 65—66°, after crystallisation from aqueous alcohol. Treatment of the oil (A) with a mixture of acetic acid and 
concentrated hydrochloric acicl gave a hydrochloride (C), and, after dilution of the filtrate with water, an ether-soluble 
crystalline substance (D). The hydrochloride (C) was digested with ether, and the extract combined with (B) and (D) 
and the solvent removed. The crystalline product which separated from a small volume of benzene-—ligroin (b 
60—80°) was dissolved in warm ligroin, and from the solution, decanted from a little resin and concentrated, 3-chloro. 
2-aminoacetophenone separated in brittle, deep yellow prisms, m. p. 52—54° (Found: Cl, 21-5. C,H,ONCI requires 
Cl, 20-°9%). The amine, which crystallised readily from aqueous alcohol in pale yellow needles, was also obtained by 
basification of the hydrochloride (C), m. p. 118—120°. 

(ii) The mixture of amines (1 part) was heated for } hour on the steam-bath with acetic anhydride (1-5 parts): 
the solid which separated on cooling was filtered and washed with ether; it was pure 5-chloro-2-acetamidoacetophenone, 
The acetic anhydride filtrate was taken to dryness in an evacuated desiccator, and the crystalline residue digested with 
warm ligroin (b. p. 60—80°) until the final extract showed no tendency to crystallise; a small residue (ca. 5% of the 
mixed amines taken) remained (A). The material in the ligroin extracts was separated by means of ether and ligroin 
into 3-chloro-2-amino- and 5-chloro-2-acetamido-acetophenone, of which the former is considerably more soluble (par- 
ticularly in ether) than the latter. The substance (A) was digested twice with warm ether to remove 5-chloro-2-acet- 
amidoacetophenone; its m. >. 161—162-5° was unchanged by crystallisation from alcohol and the substance was 
obtained in colourless, brittle prisms (0-7 g.) (Found: C, 57-1; H, 5-05. CyeH,O,NCl requires C, 56-7; H, 4-8%), 
It was identified as 3-chloro-2-acetamidoacetophenone by hydrolysis to the amine as described for the 5-chloro-derivative, 

The amount obtained of the 5-chloro-amine (either free or as acetyl derivative) from 101 g. of m-chloroacetophenone 
was 72-7 g., and that of the 3-chloroamine was 8-5 g. (57% and 6-7%, respectively, based on m-aminoacetophenone). 

3-Chloro-2-nitroacetophenon:.—2-Nitro-3-aminoacetophenone (3-6 g.) was dissolved in a warm mixture of 2n and 
concentrated hydrochloric acid (36 c.c., 1; 1), and the suspension obtained by cooling in ice was diazotised with 20% 
aqueous sodium nitrite (7 c.c.). The Sandmeyer reaction was carried out as already described for m-chloroaceto- 
phenone, using 6-3 g. of copper sulphate. The crude product was dissolved in ether and filtered from insoluble matter 
(ca. 0-5 g.); 3-chloro-2-nitroacetophenone, recovered from the filtrate, separated from alcohol in yellow leaflets or short 
prismatic needles (2-5 g.), m. p. 95—96° (Found: C, 48-5; H, 3-1. C,H,O,NCl requires C, 48-1; H, 3-0%). Reduc- 
tion of the substance (1-5 g.) with acetic acid (7-5 c.c.), water (8 c.c.), and iron filings (2 g.) in the manner already 
described gave 3-chloro-2-aminoacetophenone (1 g.), identified by m. p. and mixed m. p. 

2 : 3-Diaminoacetophenone.—Reduction in the usual manner of 2-nitro-3-aminoacetophenone (1 g.) with acetic acid 
(10 c.c.), water (10 c.c.), and iron powder (1-5 g.) gave the diamine, which formed leaflets or thin prisms from benzene, 
was easily soluble in alcohol, and separated from aqueous alcohol in long, soft, deep yellow compact needles, m. p. 
121—122-5° (Found : C, 64:1; H, 6-55. C,gH, ON, requires C, 64-0; H,6-7%). The substance dissolved easily in cold 
2n hydrochloric acid, and was not precipitated therefrom by water; the hydrochloride was sparingly soluble in cold 
concentrated hydrochloric acid. When the diamine (100 mg.) was added to a solution of phenanthraquinone (140 mg.) 
in boiling alcohol (15 c.c.), the phenazine separated almost immediately. The solid was filtered after a few minutes’ 
refluxing and washed with hot alcohol (200 mg., m. p. 224—226°); it separated from acetic acid, in which it was 
sparingly soluble, in small, pale yellow needles, m. p. 225—225-5° (Found: C, 81°65; H, 4:2. C,g.H,,ON, requires 
C, 82-0; H, 4:35%). 

Nitration of m-Methoxyacetophenone.—m-Methoxyacetophenone was prepared as follows. m-Aminoacetophenone 
(27 g.) was dissolved in 2n sulphuric acid (270 c.c.), and the solution, after diazotisation with 20% aqueous sodium 
nitrite, was added during 4 hour to a solution of copper sulphate crystals (50 g.) in N-sulphuric acid (200 c.c.) at 
70—80°. The suspension was then boiled for 10 minutes, cooled, extracted with ether, and the phenol extracted with 
dilute sodium hydroxide. After acidification of the latter, the phenol was isolated with ether and crystallised (15 g.) 
from benzene containing a little alcohol in light brown nodules, m. p. 94—96° (Besthorn, Banzhaf, and Jaeglé, Ber. 
1894, 27, 3035, give m. p. 96°). Methylation of this material with methyl sulphate (15 c.c.) in alkaline solution gave 
m-methoxyacetophenone (14-5 g., 48% based on m-aminoacetophenone), a colourless sweet-smelling oil, b. p. 125— 
126°/16 mm. (v. Auwers, Annalen, 1915, 408, 246, gives b. p. 125—126°/12 mm.; Wahl and Silberzweig, Bull. Soc. 
Chim., 1912, [4], 11, 68, give b. p. 127—128°/16—17 mm.). 

(a) The methoxy-ketone (5-7 g.) was added dropwise during 20 minutes to a mixture of nitric acid (25 c.c., d 1-48) 
and concentrated sulphuric acid (10 c.c.) at a reaction temperature of — 10° to — 5°; nitration was rapid, vigorous, 
and strongly exothermic. The mixture was poured on to ice after a further 10 minutes, and filtered when granular. 
No organic acid was present. Several crystallisations from benzene furnished, as least soluble product, a dinitro- 
methoxyacetophenone, m. p. 141-5—142-5°, which separated in colourless prismatic needles (Found: C, 45-09 H, 3:4; 
N, 12:0. C,H,O,N, requires C, 45-0; H, 3-3; N, 11-7%). The material in the filtrates from this substance was 4 
mixture which could not be separated by means of the common solvents; a representative fraction crystallised from 
alcohol in dull prisms, m. p. 97—102° (Found : N, 11-9%). 

(b) The ketone (5 g.) was dissolved in nitric acid (30 c.c., d 1-42) at 5°. No appreciable evolution of heat occurred, 
and the solution was left at room temperature for 18 hours. Experiments showed that the yield of product was 
slightly increased by keeping the mixture for a final hour at 40—45°, but that further increase in the time of heating 
was without significant effect; violent oxidation set in above this temperature. Crystallisation from alcohol of the 
product obtained by precipitation with water gave almost colourless, thin plates (3 g.), m. p. 128-5—129-5° (depressed 
when mixed with the foregoing dinitro-compound), of 2-mitro-3-methoxyacetophenone (Found: C, 55:1; H, 46. 
C,H,O,N requires C, 55:4; H, 4-6%). ‘ 

2-A mino-3-methoxyacetophenone.—This amine, isolated in almost quantitatve yield (ether-extraction) after the 
nitro-ketone (2-8 g.) had been reduced in the usual way with acetic acid (15 c.c.), water (15 c.c.), and iron filings (4 g.), 
crystallised from aqueous alcohol in hard, pale yellow rhombs, m. p. 64:-5—66° (Found: N, 8-6. C,H,,O,N requires 
N, 85%). The N-benzoyl derivative, prepared in pyridine solution, formed pale yellow prisms, m. p. 109—110°, from 
chloroform—ligroin (b. p. 40—-60°) (Found : C, 71-7; H, 5-8. C,,H,,O,N requires C, 71-3; H, 5-6%). 

8-Methoxy-2 : 4-dimethylquinoline—A mixture of 2-amino-3-methoxyacetophenone (0-7 g.), acetone (2 c.c.), and 
a solution of sodium hydroxide (5 g. in 10 c.c.) in water (20 c.c.) and alcohol (80 c.c.) was refluxed for 4 hours, after 
which the solution was concentrated, water added, and the alcohol finally evaporated as completely as possible. The 
crude base, which crystallised on scratching, was recrystallised from aqueous alcohol and obtained in long needles, which 
lost solvent before melting and changed to a dull, brittle mass, m. p. 112—113° (Found: C, 76-7; H, 6-2. C4,H,;0N 
requires C, 77-0; H, 6-95%). 

m-Bromoacetophenone.—A solution of m-aminoacetophenone (38 g.) in hydrobromic acid (100 c.c., d 1-5) and water 
(200 c.c.) was diazotised with 20% aqueous sodium nitrite. The solution was added in portions during 4 hour at room 
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temperature to a solution of cuprous bromide (from 87-5 g. of copper sulphate) in hydrobromic acid (140 c.c., d 1-5). 
The reaction was noticeably less vigorous than in the preparation of m-chloroacetophenone. From the mixture, after 
1} hours at room temperature and } hour at 50—60°, the product was isolated as already described for m-chloroaceto- 
phenone. From two such batches the colourless oil had b. p. 133°/19 mm. (Elson, Gibson, and Johnson give b. p. 
31°/16 mm.). . 

Wasation of m-Bromoacetophenone.—The ketone (30 g., 20-5 c.c.) was added during 4 hour to nitric acid (180 c.c., 
d1-5) at — 10° to — 6°. After a further 40 mins. at — 10° to — 5° the mixture was poured into ice-water (900 g.). 
m-Bromoacetophenone (143-7 g.) gave pure 5-bromo-2-nitroacetophenone (106-4 g.), m. p. 96—97° after several 
crystallisations from alcohol (Elson, Gibson, and Johnson give m. p. 98°), and a low-melting mixture (A) (62-8 g.). 

3-Bromo-2-nitroacetophenone.—This substance was prepared from a solution of 2-nitro-3-aminoacetophenone (2 g.) 
in 10 c.c. each of acetic acid, water, and hydrobromic acid (d 1-5) by diazotisation with 10% aqueous sodium nitrite 
and addition to cuprous bromide solution (from 5-5 g. of copper sulphate); it formed small, yellow leaflets (1-7 g.), 
m. p. 97—98° (depressed when mixed with the 5-bromo-isomer), from aqueous alcohol (Found: C, 39-5; H, 2-4 
C,H,O,NBr requires C, 39-4; H, 25%). _ f ’ : 

3-Bromo-2-aminoacetophenone.—(a) This amine (1-1 g.) was obtained when the foregoing substance (1-5 g.) was 
reduced in the usual way with iron filings (2-5 g.), acetic acid (8 c.c.) and water (8 c.c.). It showed well-defined dimor- 
phism; a sample, freshly crystallised from ligroin (b. p. 40—-60°), formed long yellow needles, m. p. 39—40° (unchanged 
after 10 hours/0-1 mm.) (Found: C, 44-7; H, 3-6. C,H,ONBr requires C, 44-9; H, 3:7%). After 2 months, the 
Mm. p. had risen to 62—63°, and a fresh sample, crystallised from ether, seemed to consist entirely of the high-melting 
variety in well-formed polyhedra. ; ; 

(b) The mixture (A), referred to above, of bromonitroacetophenones was reduced in the usual way with iron filings 
(90 g.), acetic acid, and water, giving 53-3 g. of mixed amines. The oil was dissolved in a mixture of equal volumes 
of concentrated and ordinary hydrochloric acid (230 c.c.), and the crude solid which separated was digested with 
ether and crystallised from glacial acetic acid containing a little concentrated hydrochloric acid. The same procedure 
was applied to other crops of hydrochloride obtained by concentrating the original solution, 18-4 g. of 5-bromo- 
2-aminoacetophenone hydrochloride, m. p. 184—185° (decomp.) (Gibson and Levin, loc. cit., give m. p. 180—181°), 
being obtained. All filtrates were combined, basified, extracted with ether and the oil so obtained was heated for 
} hour on the steam-bath with acetic anhydride (50 c.c.). Digestion with ether of the solid obtained by basifying the 
diluted solution with ammonia gave pure 5-bromo-2-acetamidoacetophenone (4-3 g.), m. p. 158—159° (identified by 
mixed m. p. with a sample prepared from o-acetamidoacetophenone). The ether-soluble material yielded, as sole 
crystalline product, almost pure 3-bromo-2-aminoacetophenone (23-7 g.), m. p. 54—56° [raised by admixture with the 
pure amine, m. p. 62—63°, described in (a)]. Be teh 4 

5-Bromo-2-aminoacetophenone crystallised from aqueous alcohol or ether—ligroin in pale yellow needles which 
invariably had m. p. 84—85°; Gibson and Levin describe the compound as colourless plates, m. p. 86—88°. 5-Bromo- 
2-benzamidoacetophenone, prepared in pyridine solution, formed almost colourless, long, silky needles, m. p. 134-5—135-5°, 
from alcohol (Found: C, 56-4; H, 3-5. C,,H,,O,NBr requires C, 56-6; H, 3-8%). 

Method IV.—Acylation Experiments with 3 : 5-Dinitro-2-aminobenzophenone.—Treatment of the amino-ketone with 
its own weight of benzoyl chloride in excess of pyridine at 100° for 3 hours gave the N-benzoyl derivative (25%; with 
larger excess of benzoyl chloride, ca. 40%), which crystallised from methanol in colourless silky needles (plates from 
benzene~alcohol), m. p. 198° (Found: C, 61-1; H, 3-1. Cg9H,,;0,N; requires C, 61-4; H, 3:35%). Unchanged 
amino-ketone was isolated in 50% yield from the mother-liquors. 

The amino-ketone was recovered unchanged after being heated with acetic anhydride in pyridine, and also after 
being refluxed with acetic anhydride, either alone or with the addition of fused sodium acetate or concentrated sulphuric 
acid (in this case some decomposition occurred). 


Grateful acknowledgment is made of a grant from the Research Fund of the Durham Colleges, of grants and help 
of various kinds from Imperial Chemical Industries, Limited, Dyestuffs Division, and of assistance from Mr. J. Owen 
in the preparation of o- and m-aminoacetophenone. 
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173. Photochemical Reactions in Sunlight. Part XI. (a) Formation of Triaryl- 
methyl Peroxides by the Action of Oxygen on Triarylmethanes. (b) Dehydrogen- 


ation effected by Oxygen. (c) Dehydrogenation effected by p-Benzoquinone and 
Phenanthraquinone. 


By ALEXANDER SCHONBERG and AHMED MusTAFA. 


(a) The action of sunlight on certain diaryl- and triaryl-methanes, which are closely related to free radicals 
of long life, in the presence of oxygen was investigated. Methanes stable towards oxygen in sunlight are 
listed in Table I(a), those forming the corresponding peroxides in Table I(b), and those forming the corresponding 
ethanes in Table I(c). An explanation is advanced (see schemes A and B) for the results recorded in Table 
1(b). The photo-peroxides, of type (VI), liberate iodine from potassium iodide solution in acetic acid. 
9-Phenyl- and 9-p-bromophenyl-xanthyl peroxides formed xanthone on pyrolysis. The ready formation of 
the peroxide from 9-phenylxanthen is remarkable, for the corresponding naphthalene derivative (II) is stable 
in sunlight in the presence of oxygen (steric hindrance ?). 

(0) The action of oxygen in sunlight on some methanes which are not related to free radicals of long life, 
¢.g., thioxanthen, dinaphthapyran, and anthrone, produced the corresponding ethane (IX, X, and XI). 

(c) p-Benzoquinone effects dehydrogenation in sunlight, thioxanthen being converted into dithiodixanthyl 
({X); and phenanthraquinone is also able to effect the photo-dehydrogenation of thioxanthen and of diphenyl- 
methane into dithiodixanthyl and s.-tetraphenylethane, respectively. 

None of the reactions mentioned proceeds in the dark. 


(a) Action of Oxygen on Triarylmethanes and on (IV) and (V) in Sunlight.—Triphenylmethyl bromide forms 
ttiphenylmethyl when its solutions are irradiated (Halford and Anderson, Proc. Nat. Acad. Sci., 1933, 19, 
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759), but if a solution in benzene is exposed to sunlight, in contact with air, it becomes deep yellow and deposits 


crystals of triphenylmethyl peroxide. 

The object of the present investigation was to determine whether solutions of diaryl- and triaryl-methanes 
behave similarly, and in this section we deal with those methanes which are closely related to frée radicals of 
long life. The methanes investigated are listed in Table I, and the free radicals of long life to which they are 
allied in Table II. ‘ 

TABLE I. 

(a) Compounds stable towards oxygen in sunlight. Triphenylmethane, 9-phenylfluorene, 2 : 2’-sulphonido. 

triphenylmethane (I), diphenylacetophenone, 9-phenyldinaphthapyran (II), and 2:3: 4-triphenylbenzo-y. 


pyran (III). 


C,H. “ be | A ™ 
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(b) Triarylmethanes forming peroxides in sunlight in the presence of air. 9-Phenylxanthen, 9-phenylthio. 
xanthen, 9-o-tolylxanthen (the last two examples were examined in part with M. F. Et Newemiy), 
9-p-bromophenylxanthen, and 9-phenylanthrone. 

(c) Diarylmethanes forming ethane compounds in sunlight in the presence of air. Lactone of o-hydroxy. 
diphenylacetic acid (IV) and 2-phenyl-3-keto-2 : 3-dihydrothionaphthen (V). 


HPh Oo 
rie Oe Oia (V.) 


TABLE II. 


Free radicals of long life. Triphenylmethyl, 9-phenylfluorenyl, 2 : 2’-sulphonidotriphenylmethyl (Gomberg 
and Britton, J. Amer. Chem. Soc., 1921, 48, 1947) (cf. I), 9-phenylxanthyl, 9-phenylthioxanthyl, 2: 3: 4 
triphenylchromenyl (cf. III) (Léwenbein and Rosenbaum, Amnalen, 1926, 448, 223), benzoyldiphenylmethyl 
(Léwenbein and Schuster, ibid., 1930, 481, 106), (VIIIa) and (XII). 


The methane derivatives listed in Table I(a) were not affected, those in Table I(b) formed the corresponding 
peroxides, e.g., 9-phenylxanthen gave (VI), and those in Table I(c) gave the corresponding ethanes, e.g., (IV) 
gave 2 : 2’-diketo-3 : 3’-diphenyl-3 : 3’-dicoumarany] (VII). 

Pa CP 


C,H, C,H, O 
(VI.) o¢ DEPh-O-O-CPhE » CH Sco oc H, (VIL) 
C,H, oH, e <r : 


The velocity of the formation of some of these peroxides, e.g., 9-phenylxanthyl peroxide, is remarkable. 
This should be contrasted with the stability of the phenyldinaphthapyran (II): it may be that this is one of 
the rare cases of steric hindrance observed in photochemical reactions. 

Mechanism of the Photo-reaction.—Several explanations of these photo-reactions are possible; the simplest 
is that, under the influence of sunlight, the methanes listed in Table I(b) dissociate according to the scheme 
CHRR’R” —>» CRR’R”....+ H (A.).. The free methyl radical thus produced reacts with atmospheric 
oxygen. This dark reaction is already known in the case of 9-phenylxanthen (Gomberg and Cone, A nnalen, 
1909, 370, 158), 9-phenylthioxanthen (idem, ibid., 1910, 376, 204), and 9-phenylanthrone (Liebermann ¢t al., 
Ber., 1904, 37, 3340), in which the free radicals were prepared by the action of metals on the corresponding 
chlorides. 

It is possible also that with the methanes listed in Table I(c), an analogous reaction takes place, i.e., removal 
of one hydrogen atom, but the free radicals thus formed do not form peroxides, undergoing dimerisation instead. 
This behaviour may be due to the fact that the corresponding free radicals are to be regarded as resonance 
hybrids, e.g., (VIIIa) and (VIIIb), and that the latter form contains univalent oxygen; such radicals are known 
to be not readily affected. by atmospheric oxygen (Goldschmidt and Schmidt, Ber., 1922, 55, 3202). The 
stability of the free radicals (VIIIa) and (XII) towards oxygen was noted by Léwenbein and Simonis (Ber. 
1924, 57, 2047) and by Kalb and Bayer (Ber., 1913, 46, 3884), respectively. 

The formation of peroxides from triarylmethanes by oxygen in the presence of sunlight, and of ethanes from 
(IV) and (V) under the same conditions, may be explained without the formation of free radicals, as shown in 

B) and (C). , 
®) “) 2CHR, + 20, —> 2CR,-O-OH —> CR,-0-0-CR, + H,O, (B.) 
2CHR, +O, —>» CR,-O-OH + CHR, —» CR,CR, + H,0, (C.) 
h h 


(ities ba ‘ (VIIIb.) bald (XII.) OV 
\Ph 


Constitution and Reactions of Peroxides in Table I(b).—The peroxides obtained from these compounds were 
already known, except that from 9-o-anisylxanthen. That this was a peroxide was established by the fact 
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that it liberated iodine from potassium iodide solution in acetic acid. 9-Phenyl- and 9-p-bromophenyl-xanthyl 
roxides (as VI) formed xanthone on pyrolysis. 


(b) Action of Oxygen in Sunlight on Thioxanthen, Dinaphthapyran, and Anthrone.—These methane deriv- 
atives, which are not related to free radicals of long life, were exposed to sunlight and air and found to form 


the corresponding ethanes, viz., dithiodixanthyl (IX), bisdinaphthaxanthenyl (X), and dianthronyl (XI), 
according to scheme C. 


oH, oH, lg 0H, ® C,H, oH, 
cot S of" Soe O orcg oC Yc:o 
sHY H H C,H, a CyHY H H CyH, C.H/ H H C,H, 
(IX.) (X.) (XI.) : 
(c) Action of p-Benzoquinone and Phenanthraquinone on Methanes in Sunlight—Schonberg and Mustafa 
(J., 1944, 67) found that at room temperature and in sunlight, p-benzoquinone converted diphenylmethane 
into s.-tetraphenylethane, being itself reduced to quinhydrone. Similarly, dithiodixanthyl (IX) has now been 
produced by the action of p-benzoquinone on thioxanthen. Phenanthraquinone is also able to effect photo- 
chemical dehydrogenation of diphenylmethane to s.-tetraphenylethane and of thioxanthen to dithiodixanthyl. 


In sunlight, dithiodixanthyl (IX) is produced from thioxanthen and xanthone, and dianthronyl (XI) from 
anthrone and benzophenone. ' : 


EXPERIMENTAL. 


All insolations, unless otherwise stated, were carried out upon 1 g. of the substance in 10—20 c.c. of benzene with free 
access of air. Control experiments in the dark, but otherwise under identical conditions, showed no reaction. The 
benzene was thiophen-free and dried over sodium. The photochemical reactions were carried out, unless otherwise 
stated, in a Pyrex-glass tube, the air being displaced by dry carbon dioxide and the tube sealed by fusion. The photo- 
reactions in the presence of oxygen were carried out in an open Pyrex-glass tube. 

(a) Action of Oxygen on Triarylmethanes in Sunlight [cf. Table I (b)].—(1) 9-Phenylxanthen. 9-Phenylxanthen 
(Ullmann and Engi, Ber., 1904, 37, 2371) was insolated for 15 days (November) in air. (After one day, colourless crystals 
had separated, and the solution had become yellow.) The crystals, recrystallised from benzene, had m. p. 230° (decomp. 
from about 210° according to rate of heating). For 9-phenylxanthyl peroxide Gomberg and Cone (loc. cit.) give 
m.p. 219°. It is insoluble in ether and light petroleum (Found: C, 82-9; H, 4-7. Calc. for C,,H,,O,: C, 83-4; H, 
48%). Further concentration of the original benzene mother-liquor gave more peroxide (total yield, ca. rae 

(2) 9-Phenylthioxanthen.—A solution of 9-phenylthioxanthhydrol (1 g.) (Ullmann and Engi, Ber., 1904, 37, 2937) in 
boiling absolute ethyl alcohol (30 c.c.) was added gradually to metallic sodium (6 g.), the mixture heated under reflux for 
2hours, and then poured into ice-cold water. The 9-phenylthioxanthen was separated, and crystallised from alcohol as 
colourless crystals, m. p. 96°. It was freely soluble in benzene and acetone, and soluble in hot alcohol; it gave no color- 
ation with concentrated sulphuric acid at room temperature, but dissolved to give an orange colour with green fluorescence 
when heated on the water-bath (Found: C, 83-0; H, 5-3; S, 11-9. Calc. for C,,H,,S: C, 83-2; H, 5:1; S, 11-7%). 

9-Phenylthioxanthen was insolated for about 10 days (Jan.—Feb.); the solution became orange-red after 2 days. 
The colourless crystals that separated were recrystallised from benzene-light petroleum (b. p. 50—70°); m. p. 188° 
(red melt) (Found : C, 78-9; H, 4-6; S, 11-1. Calc. for C;,H,,0,S,; C, 78:8; H, 4-6; S,11-1%). Gomberg and Cone 
(loc. cit.) give m. p. 188° for 9-phenylthioxanthyl peroxide. It dissolved in sulphuric acid with a red colour. 

(3) 9-0-Tolylxanthen. The reduction of 9-o-tolylxanthhydrol (Decker and v. Fellenberg, Annalen, 1907, 356, 311) 
was carried out as described in the preceding case. The colourless 9-0-tolylxanthen, crystallised from alcohol, had m. p, 
135°. Decker (loc. cit.) gives m. p. 119°.' It gave no coloration with sulphuric acid (Found: C, 87:7; H, 5-9. Calc, 
for CpH,,O: C, 88:2; H, 59%). 

9-o-Tolylxanthen was insolated for 15 days (June-July). Colourless crystals began to separate after 3 days; finally, 
these were recrystallised from benzene-light petroleum and had m. p. 229° (deep red melt). This 9-o-tolylxanthyl 
peroxide dissolved with difficulty in xylene, and gave a yellow colour with sulphuric acid (Found: C, 83-5; H, 5-5, 
Calc. for CygH gO, : C, 83-6; H, 5-2%). ; 

Experiments (2) and (3) were carried out by M. F. El Neweihy. 

(4) 9-p-Bromophenylxanthen. Reduction of 9-p-bromophenylxanthhydrol (Gomberg and Cone, Annalen, 1909, 370, 
142) was carried out as described by Ullmann and Engi (loc. cit.) for 9-phenylxanthen by means of zinc dust and acetic 
acid with platinum chloride as a catalyst. 9-p-Bromophenylxanthen recrystallised from absolute ethyl alcohol in colour- 
less crystals, m. p. 120°. It was soluble in benzene and gave no colour with sulphuffc acid (Found: C, 68-1; H, 4-0; 
Br, 23-1. C,gH,,OBr requires C, 67-8; H, 3-8; Br, 23-7%). 

9-p-Bromophenylxanthen was insplated for 5 days (May). The colourless crystals that separated were recrystallised 
from xylene; m. p. 211° (red brown melt) (Gomberg and Cone, Joc. cit., give m. p. 210—211°). 9-p-Bromophenylxanthyl 
peroxide is insoluble in hot ether, difficultly soluble in hot benzene, and gives a brilliant yellow solution with sulphuric 
aid (Found: C, 64-6; H, 3-4; Br, 22-5. Calc. for C,,H,,O,Br,: C, 65-1; H, 3-4; Br, 22-7%). 

(5) 9-Phenylanthrone. 9-Phenylanthrone (Schlenk and Bergmann, Annalen, 1928, 463, 162) was insolated for about 
$months (January-March). The solution became yellow and pale yellow crystals separated; these recrystallised from 
benzene in almost colourless crystals, m. p. 203° depending on the rate of heating (red brown melt; decomp.) (Found : 
C, 83:5; H, 4:8. Calc. for CygH,,O,: C, 84:2; H, 45%). Liebermann ef al. (loc. cit.) give m. p. 219° for 9-phenyl- 
a peroxide. More peroxide was recovered from the original mother-liquor. It gives a violet coloration with 

phuric acid. . 

Diaryl- and Triaryl-methanes Stable towards Oxygen in Sunlight (cf. Table I(a)].—The substances shown in the table 
Were irradiated under the usual conditions (see above) for the time stated, the benzene evaporated in a vacuum, and the 
Tesidue crystallised. The unchanged compounds (m. p. and mixed m. p.) were recovered quantitatively or nearly so. 


Exposure Month of Exposure Month of 

Compound. (days). exposure. Compound. (days). exposure. 
Triphenylmethane ...........++2+++ 36 April-May 2:3: 4-Triphenylbenzo-y- 

*Phenylfluorene .........000/s0. 120 Dec.—Mar. WNUINE CRUE © bdccvsers cescesdeocee 70 = mtrreag 

2: 2’-Sulphonido-triphenyl- Diphenylacetophenone * 40 Ja y-Aug. 

methane (I)? .............0000 150 April—Sept. 9-Phenyldinaphthapyran (II) ¢ 180 an.—June 


: Gomberg and Britton, J. Amer. Chem. Soc., 1921, 48, 1947. * Léwenbein and Rosenbaum, loc. cit. * Koelsch, 
J. Amer. Chem. Soc., 1932, 64, 2051. Claisen, Annalen, 1887, 287, 266. 
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Thermal Decomposition of the Photo-peroxides.—9-Phenylxanthyl peroxide. While dry carbon dioxide was Passing 


through the apparatus (Schénberg and Mustafa, J., 1944, 305), the peroxide (2 g.) was heated (bath temp. about 270°) 
for 2 hours in a tube (A) as described in this vol., p. 553. A colourless crystalline sublimate was formed on the walls of the 
tube; this was recrystallised from absolute ethyl alcohol and proved to be xanthone (m. p. and mixed m. p.; blue 
fluorescence with sulphuric acid). 9-p-Bromophenylxanthyl peroxide. This peroxide (2 g.), similarly heated, also afforded 
xanthone. 

Ethane Formation from the Corresponding Methane in Sunlight in the Presence of Air [Table I(c)}.—Lactone of 0-hydr. 
oxydiphenylacetic acid (IV). The lactone (Bistrzycki and Flatau, Ber., 1895, 28, 989) was insolated for 75 days (April- 
June). ‘The colourless crysteis that separated, recrystallised from benzene-—light petroleum, had m. p. 178° (violet-req 
melt). The photo-product dissolved with difficulty in light petroleum (b. p. 80—90°) and glacial acetic acid, and gave a 
violet coloration with sulphuric acid; it was proved by mixed m. p. to be 2 : 2’-diketo-3 : 3’-diphenyl-3 : 3’-dicoumarany| 
(Léwenbein and Simonis, Joc. cit.) (Found: C, 80-1; H, 4-6. Calc. for C,H,,0,: C, 80-4; H, 4-3%). 

2-Phenyl-3-keto-2 : 3-dihydrothionaphthen (V). The thionaphthen (Kalb and Bayer, Joc. cit.) was irradiated for 2 
days (July); the pale yellow crystals that separated were recrystallised from benzene; m. p. 236° (decomp. ; green melt), 
The product dissolved with difficulty in cold benzene and hot glacial acetic acid, and gave a green colour with sulphuric 
acid; it was identified as 2 : 2’-diphenylthioindigo-white (Kalb and Bayer, Joc. cit.) by mixed m. p. (Found: C, 74-7: 
H, 4-2; S, 13-9. Calc. for C,,H,,0,S,: C, 74-6; H, 4-0; S, 14:2%). , 

(b) Action of Oxygen in Sunlight on (i) Thioxanthen, (ii) Dinaphthapyran, and (iii) Anthrone.—(i) Thioxanthen (Graebe 
and Schultes, Annalen, 1891, 263, 12), irradiated for one day (July), afforded a mass of colourless crystals; these were 
filtered off, washed with benzene, and crystallised from xylene, forming colourless needles, m. p. 325°, of dithiodixanthy| 
(IX). It w&s difficultly soluble in acetone and alcohol, slightly soluble in light petroleum (b. p. 100—150°), and soluble 
in hot xylene, and gave an orange colour with sulphuric acid (Found: C, 78-9; H, 4-5. C,,H,,S, requires C, 79-3: 
H, 46%). When this experiment was repeated in a sealed tube (carbon dioxide atmosphere), no crystals separated, and 
the initial thioxanthen was recovered almost quantitatively. 

(ii) Dinaphthapyran (Wolff, Ber., 1893, 26, 84) was insolated for one day (November). The crystals of bisdinaphthox. 
anthenyl (X) which separated were collected, washed with benzene, and recrystallised from light petroleum (b. p. 100— 
110°), forming colourless needles, m. p. above 300°. Fosse (Compt. rend., 1902, 185, 521; 1903, 186, 379) gave m. p. 
above 300° (Found: C, 89-9; H, 4-9. Calc. for C,,H,,0,: C, 89-6; H, 46%). 

(iii) Anthrone (Org. Synth., Coll. Vol. I, p. 52) (3 g.) was dissolved in benzene (25 c.c.) and exposed to sunlight and air 
for one week (March); pale yellow crystals of dianthrone (XI) separated and were filtered off and washed with benzene: 
recrystallised from light petroleum (b. p. 100—150°), they had m. p. ca. 260° (Found: C, 87-2; H, 5-1. Calc. for 
CygH,,0,: C, 87:1; H, 52%). 

(c) Action of p-Benzoquinone and of Phenanthraquinone on Methanes in Sunlight.—p-Benzoquinone and thioxanthen. 
Thioxanthen (Graebe and Schultes, /oc. cit.) (1 g.) and p-benzoquinone (0-8 g.) were dissolved in benzene (30 c.c ) and 
exposed to sunlight for 2 days (July). The deposit was filtered off and found to contain quinhydrone, as well as dithio- 
dixanthyl (IX); the former was removed by dissolving it in acetone, and the latter then crystallised from xylene in 
colourless needles, m. p. 325° (Found: C, 79-4; H, 4:5%). 

Phenanthraquinone and thioxanthen. Thioxanthen (1 g.) and phenanthraquinone (1-1 g.), dissolved in benzene 
(50 c.c.), were exposed for 30 days (Jan.—Feb.) to direct sunlight. The crystals that separated were collected, washed 
several times with hot benzene, followed by hot absolute ethyl alcohol, and recrystallised from hot xylene, forming colour- 
less crystals, m. p. 323°, of dithiodixanthyl (IX) (mixed m. p.) (Found: C, 79-5; H, 4:7; S, 160%). This product was 
formed even after only one day’s exposure. 

Phenanthraquinone and diphenylmethane. Diphenylmethane (1 g.) and phenanthraquinone (1-24 g.; 1 mol.) were 
dissolved in benzene (20 c.c.) and exposed to sunlight for 50 days (Aug.—Sept.), the solution becoming dark brown. The 
benzene was driven off in a vacuum, the dark residue repeatedly extracted with hot light petroleum (b. p. 30—50’), 
and finally with light petroleum (b. p. 90—100°). The extract on evaporation at room temperature gave crystals, and 
recrystallisation from light petroleum (b. p. 90—100°) afforded colourless crystals of s.-tetraphenylethane (m. p. and 
mixed m. p.). 

Pheseabeoseal Action of Xanthone on Thioxanthen.—An equimolecular mixture of thioxanthen (1 g.) and xanthone 
-was dissolved in benzene (15 c.c.) and irradiated for 6 hours (July); the mass of pale crystals of dithiodixanthy! (IX) 
-was filtered off, washed with benzene several times, and crystallised from xylene; m. p. 325° (yield ca. 80%) (Found: 
C, 79:3; H, 4°8%). 

Pacloslaminat hotles of Benzophenone on Anthrone.—An equimolecular mixture of benzophenone (1 g.) and anthrone 
in benzene (25 c.c.) was exposed to sunlight for 23 days (April-May). The solution became yellow and large crystals of 
dianthrone (XI) separated; these were filtered off, washed with benzene, and crystallised from light petroleum (b. p. 
100—110°); m. p. about 255° (Found: C, 86-4; H, 4-9. Calc. for C,,H,sO,: C, 87-1; H, 4-7%). 
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474. Studies on Phosphorylation. Part II. The Reaction of Dialkyl Phosphites 
with Polyhalogen Compounds in Presence of Bases. A New Method for the 
Phosphorylation of Amines. 

By F. R. ATHERTON, H. T. OPENsHAw, and A. R. Topp. 


Dibenzyl phosphite reacts with carbon tetrachloride in presence of excess ammonia the products being 
dibenzyl aminophosphonate, ammonium chloride and chloroform. Strong primary 4nd secondary amines 
can replace ammonia in this reaction. With aniline no reaction occurs unless a tertiary base be added, 
whereupon dibenzyl anilinophosphonate i$ produced. Dialkyl phosphites undergo a similar reaction and in 
place of carbon tetrachloride pentachloroethane and hexachloroethane may be used. . 

The mechanism of this reaction is discussed and it is suggested that where carbon tetrachloride is employed 
it proceeds by intermediate formation of a trichloromethylphosphonate which reacts with amines in the same 
way as trichloromethy] ketones. . " 


In the course of experiments on the purification of dibenzyl phosphite required for the preparation of dibenzy! 
‘chlorophosphonate (Atherton, Openshaw, and Todd, this vol., p. 382), it was observed that when a solution of 
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he ester in carbon tetrachloride was washed with dilute aqueous ammonia a considerable amount of white 
solid separated. Examination of this solid revealed that it was dibenzyl aminophosphonate. This fortuitous 
and unexpected discovery led us to investigate the origin of the aminophosphonate and the results, which 
disclose a new method for the phosphorylation of amines, are now recorded. 

When dibenzyl phosphite is dissolved in carbon tetrachloride no reaction occurs, but if gaseous ammonia 
be passed into the solution or if it be shaken with aqueous ammonia heat is evolved and dibenzyl amino- 
phosphonate is produced in nearly theoretical yield, the other products being ammonium chloride and chloro- 
form. An exactly similar reaction is brought about by strong primary and secondary bases, e.g., cyclohexyl- 
amine, benzylamine, «a-phenylethylamine, morpholine, the corresponding substituted aminophosphonates being 

roduced. The reaction in these cases is best carried out under anhydrous conditions, but the presence of 
alcohol in the reaction mixture has little adverse effect on the yield. With weak bases, such as aniline, no 
reaction occurs, but reaction can be induced by adding a tertiary base. Thus on adding dibenzyl phosphite 
toa solution of equimolecular quantities of aniline and NN-dimethylcyclohexylamine in carbon tetrachloride 
at room temperature dibenzyl anilinophosphonate is formed in moderate yield. Reaction with carbon tetra- 
chloride in presence of bases is not peculiar to dibenzyl phosphite although it occurs more readily with this 
ester than with others we have examined; it has also been observed with diethyl and di-isopropyl phosphites 
and is probably a general reaction. It does not occur, at any rate under the same conditions, with triethyl 
hosphite. 

. The most straightforward explanation of these facts is given by the assumption that reaction occurs in two 
stages. In the first of these carbon tetrachloride reacts with the phosphite in presence of a base to give a tri- 
chloromethylphosphonate; in the second stage the trichloromethylphosphonate reacts with a molecule of 
primary or secondary amine yielding chloroform and an amino- or substituted amino-phosphonate. The two 
stages can be expressed in general terms by the following equations : 


1. (RO),P-H + CCl, + B—> (RO),P-CCl, + B,HCl 
2, (RO),P-CCl, + R’R’NH —> (RO),P-NR’R” + CHCl, 


where B = base, R = benzyl or alkyl, and R’, R” = hydrogen or organic radicals. 

The structure of the dialkyl phosphites is not known with certainty, but we believe that most of the reactions 
of dibenzyl phosphite, which is insoluble in alkali, are best explained on the basis of the phosphonate structure 
used in Equation 1, and that it is in the phosphonate form that it and other phosphites react with carbon 
tetrachloride. It is of interest that dibenzyl phosphite in which the phosphonate character is most marked 
reacts more easily than diethyl phosphite which can, with difficulty, form a sodium salt. Formulation of the 
carbon tetrachloride reaction on the basis of the phosphonate structure also emphasises the difference between 
it and the production of alkylphosphonic esters from triaryl (Michaelis and Kahne, Ber., 1898, 31, 1050) or 
trialkyl phosphites (Arbusow, J. Russ. Phys. Chem. Soc., 1906, 38, 687; C., 1906, II, 1640) and alkyl halides, 
which generally requires the use of elevated temperatures and proceeds by intermediate formation of phos- 
phonium halides. The mechanism proposed here seems very much more likely than one involving intermediate 
formation of a chlorophosphonate, and the first stage is analogous to other reactions of carbon tetrachloride 
(e.g., Reimer—Tiemann reaction) in which a positive centre is attacked with expulsion of a proton. The second 
stage would be expected by analogy with the behaviour of other compounds containing trichloromethyl groups, 
é.g., trichloromethyl ketones. Thus w-trichloroacetophenone benzoylates alcohols in presence. of sodium 
alkoxides, potassium and magnesium hydroxides, or potassium acetate (Houben and Fischer, Ber., 1931, 64, 
240, 2636) and chloral was introduced as a formylating agent for amines by Hofmann (Ber., 1872, 5, 247). 
For purposes of comparison with the phosphite reaction we have examined the behaviour of w-trichloro- 
acetophenone as an acylating agent. This substance reacts readily with ammonia to give benzamide and 
with strong primary and secondary amines to give substituted benzamides; with aniline only traces of benz- 
anilide are formed even on long standing. w«-Trichloroacetophenone does not react with methanol alone, but 
in presence of a tertiary base reaction occurs on refluxing and methyl benzoate is produced in good yield. 
Reaction with an alcohol in presence of a tertiary base to give an. ester could not be realised in the case of 
dibenzyl phosphite and carbon tetrachloride although this may have been due to decomposition of the trichloro- 
methylphosphonate in other directions on heating the mixture so that any ester formed could not readily be 
isolated. In any case, the fact that no ester was isolated when the reaction was carried out at room temper- 
ature is a strong argument against the formation of dibenzyl chlorophosphonate as an intermediate in the 
Teaction since this compound reacts readily with alcohols in presence of tertiary bases (Atherton, Openshaw, 
and Todd, loc. cit.). 

_ Various attempts have been made to isolate the trichloromethylphosphonates postulated as intermediates 
in the above scheme of reaction by reacting dibenzyl or di-isopropyl phosphite with carbon tetrachloride in 
presence of one molar proportion of N-methylmorpholine. These attempts have so far been unsuccessful. 
The product from dibenzyl phosphite in carbon tetrachloride solution decomposed when attempts were made 


to distil it; in acetonitrile solution a considerable amount of debenzylation occurred even at room temperature 
YY : . 
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and N-benzyl-N-methylmorpholinium chloride separated. With di-isopropyl phosphite the product also decom 
posed on attempted distillation and some di-isopropyl chlorophosphonate was isolated. These failures were 
not wholly unexpected since there was already evidence that the initial reaction product in such cases is un 
stable. If either of these phosphites be mixed with carbon tetrachloride and a tertiary base and treated at 
once with, e.g., cyclohexylamine, a fair yield of the corresponding cyclohexylaminophosphonate is obtained, 
Delay in adding the cyclohe:xxylamine causes a progressive and rapid decrease in the yield and purity of the 
cyclohexylaminophosphonate. 

In'the cases so far described carbon tetrachloride was used but the reaction is not confined to this substance. 
In preliminary experiments it has been found that although chloroform and tetrachloroethane do not appea 
to react under comparable conditions, pentachloroethane and hexachloroethane react in the same way as carbon 
tetrachloride. The reaction is being further studied both to find out how generally it can be applied to poly. 
halogen compounds and to elucidate its mechanism more thoroughly. Meanwhile the main practical interest 
in the results so far obtained is that the reaction with carbon tetrachloride offers a convenient method for 
phosphorylating amines, since it proceeds under mild conditions and if dibenzyl phosphite is employed the 
benzyl residues can be removed from the product by hydrogenolysis. 


EXPERIMENTAL. 


I. Reactions with Ammonia.—Dibenzyl aminophosphonate.. (1) When a stream of gaseous ammonia was passed 
through a solution of dibenzyl phosphite (2-6 g.) in dry carbon tetrachloride (50 c.c.) reaction set in rapidly and the 
mixture became warm. After 20 mins. the gas stream was stopped and the mixture heated to boiling and filtered, the 
residue being extracted with a further quantity of hot carbon tetrachloride. The combined filtrate and extract were 
concentrated to small volume, light petroleum added and the crystalline dibenzyl aminophosphonate which separated, 
washed with light petroleum and recrystallised from aqueous alcohol (yield, 92%). The product had m. p. 103—104°, 
undepressed by an authentic specimen. (2) A solution of dibenzyl phosphite (1-3 g.) in carbon tetrachloride (2 c.c,) 
was shaken with aqueous ammonia (5 c.c., d 0-880) for 10 minutes. The mixture was evaporated to dryness, water added 
and the water again removed in vacuo. The residue was washed with water (5 c.c.) and dried giving crude dibenzy] 
aminophosphonate (90%, m. p. 101°). (3) In order to obtain all the products with as little loss as possible dibenzy! 
phosphite (52-4 g., 1 mol.) was dissolved in xylene (500 c.c.) containing carbon tetrachloride (31 g., 1 mol.), the solution 
cooled in ice and gaseous ammonia passed slowly through it for 1 hour. The solid (A) which separated was filtered off 
and washed with xylene, the filtrate and washings being combined (B). 

The solid (A) was extracted with boiling carbon tetrachloride (600 c.c.) and filtered hot. The extract, on cooling, 
deposited dibenzyl aminophosphonate and a further quantity was obtained by a second extraction of the solid. The 
product (41-5 g., 75%) had m. p. 102—103-5° undepressed by an authentic specimen (m. p. 103—104°). The fraction 
of solid (A) insoluble in carbon tetrachloride proved to be ammonium chloride (8 g., 75%) (Found: Cl, 66-1. Calc.: 
Cl, 66-4%). The xylene solution (B) was distilled through a 2 ft. Vigreux column, an initial fraction, b. p. 60—138° 
(30 c.c.) being collected. The fraction was washed with dilute hydrochloric acid to remove ammonia, dried over sodium 
sulphate and refractionated. The fraction (16-5 g.) boiling at 60—64°, was again redistilled giving ultimately chloroform 
(12 g., 50%), b. p. 61—61-5°. 

The rather low yield of dibenzyl aminophosphonate in this experiment was due to incomplete reaction under the 
conditions employed. When the xylene solution left after the initial fractionation of (B) was evaporated under reduced 
pressure and the residual oil dissolved in carbon tetrachloride and shaken with concentrated aqueous ammonia a further 
quantity of dibenzyl aminosphonate (8 g., 14% on original material) was obtained. 

Di-isopropyl Aminophosphonate.—Gaseous ammonia was passed slowly through a water-cooled solution of di-isopropyl 
phosphite (83 g., 1 mol.) and carbon tetrachloride (77 g., 1 mol.) in xylene (250 c.c.) for 16 hrs. The ammonium chloride 
(24 g., 90%) which separated was collected, washed with xylene and dried (Found: Cl, 66-6. Calc.: Cl, 66-4%). The 
mother liquor was distilled up to-138° and the distillate after several refractionations yielded pure chloroform, b. p. 
61—61-4° (39 g., 65%). 

The residual xylene solution after removal of the chloroform was concentrated to small volume and ligroin added. 
Fine colourless needles (77-5 g., 86%) of di-isopropyl aminophosphonaie, m. p. 56—57°,.unchanged by recrystallisation, 
separated (Found: C, 40-0; H, 9-1; N, 80. C,H,,O,NP requires C, 39-8; H, 8-8; N, 7-7%). 

Diethyl Aminophosphonate.—Diethyl phosphite (1 mol.) and carbon tetrachloride (1 mol.) dissolved in xylene and 
treated with ammonia as above gave diethyl aminophosphonate (92%) as colourless deliquescent needles, m. p. 50—5l’, 
from carbon tetrachloride-cyclohexane (Found: C, 31-0; H, 81; N, 9-3. C,H,,O,;NP requires C, 31:4; H, 7-9; N, 
9-2%). Pistschimuka (J. prakt. Chem., 1911, [2], 84, 753) described a substance, m. p. 146°, which he obtained by 
heating triethyl thiophosphate with ammonia as diethyl aminophosphonate but his claim was unsupported by analysis 
and would appear to be unjustified. 

Il. Reaction with a-Phenylethylamine, Benzylamine, cycloHexylamine, and Morpholine.—Method 1, A slight excess of 
the amine was added to a solution of dibenzyl phosphite in carbon tetrachloride at room temperature without external 
cooling and the mixture left overnight then washed with dilute acid and water. Evaporation of the carbon tetrachloride 
solution gave the crude product; yields, dibenzyl a-phenylethylaminophosphonate 90%, dibenzyl benzylaminophos- 
phonate 95%, dibenzyl cyclohexylaminophosphonate 90%, identified in each case by m. p. and mixed m. p. 

Method 2. A slight excess of the amine was added to a solution of dibenzyl phosphite in a mixture of carbon tetra- 
chloride and alcohol and the mixture left overnight, evaporated and the residue washed with water and recrystallised; 
yields, dibenzyl a-phenylethylaminophosphonate 88%, dibenzyl benzylaminophosphonate 87%, dibenzyl cyciohexyl- 
aminophosphonate 79%. ; 

Dibenzyl morpholinophosphonate, prepared by Method I, crystallised from warm cyclohexane in prisms (86%), ™. P. 
71—72° (Found: C, 62-1; H, 6-5; N, 4:2. C,,H,,0,NP requires C, 62:2; H, 6-3; N, 40%). 

III. Reaction with Aniline.—Dibe2zyl phosphite (2-62 g., 1 mol.) in carbon tetrachloride (3%.c.) was added dropwise 
to a solution of aniline (0-93 g., 1 mol.) and NN-dimethylcyclohexylamine (1-27 g., 1 mol.) in carbon tetrachloride 
(20 c.c.). Heat was evolved and crystalline material separated rapidly. After 24 hours, water was added, the mixture 
shaken and the aqueous layer discarded. The carbon tetrachloride layer was washed with dilute acid then with sodium 
bicarbonate, dried and evaporated. Recrystallisation of the residue from hexane-ethylene chloride gave needles 
(62%) of dibenzyl anilinophosphonate (m. p. and mixed m. p. 91—92-5°). : 

IV. w-Trichloroacetophenone as an Acylating Agent.—w-Trichloroacetophenone (5-6 g., 1 mol.) was dissolved in hexane 
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25 c.c.) and cyclohexylamine (2-23 g., 1 mol.) added. Heat was evolved and a crystalline precipitate formed immediately. 
am After 30 minutes the mixture was filtered and the N-cyclohexylbenzamide (97%) washed with hexane. It had m. p. 
/48—149° (lit., m. p. 149°). 

N-Benzylbenzamide was prepared in 91% yield as above, using benzylamine. 

N-a-Phenylethylbenzamide was also prepared in 94% yield, as above, using a-p 

N-Morpholinobenzamide. 
was Slightly less. 

Benzamide. On passing gaseous ammonia into a solution of w-trichloroacetophenone in hexane, benzamide (92%) 
was formed very rapidly. 

Methyl benzoate. A solution of w-trichloroacetophenone (22-4 g.) and N-methylmorpholine (5 g.) in methanol 
(100 c.c.) was boiled for 5 hours, evaporated and the residue distilled. The main fraction gave on redistillation methyl 
penzoate (73%), b. p. 196—200°. 

V. Reactions with Tertiary Bases —N-Methylmorpholine required for the following experiments was conveniently: 
prepared by adding paraformaldehyde (1 mol.) to morpholine (1 mol.) and allowing the mixture to stand 30 mins. By 
this time the paraformaldehyde had dissolved and formic acid (1 mol.) was added to the stirred liquid at a rate sufficient 
to maintain vigorous reaction. When all had been added the mixture was heated on the steam bath for 3 hours, cooled, 
made alkaline with potassium hydroxide and the base (80%, b. p. 116°) worked up in the usual manner. 

Dibenzyl phosphite, carbon tetrachloride, and N-methylmorpholine. A mixture of N-methylmorpholine (3 c.c.) and 
carbon tetrachloride (2-5 c.c.) was added to a solution of dibenzyl phosphite (5-24 g.) in dry acetonitrile (15 c.c.) and 
allowed to stand for 1 hour. The separated solid was collected (1-75 g.), more N-methylmorpholine (2 c.c.) added 
to the solution and, after 24 hours, a second crop of solid (1-55 g.) was collected. Concentration of the solution gave 
afurther amount (0-43 g.) of the same solid material. Recrystallisation of the combined solid fractions gave N-benzyl-N- 
methylmorpholinium chloride, m. p. 236° (decomp.) after shrinking at 230° (Found: Cl, 15-6. C,,H,,ONCI requires Cl, 
156%). The product was identical with that obtained by direct reaction of benzyl chloride with N-methylmorpholine. 

Di-isopropyl phosphite, carbon tetrachloride, and N-methylmorpholine. On adding N-methylmorpholine (50-5 g., 
] mol.) to a solution of di-isopropyl phosphite (83 g., 1 mol.) in carbon tetrachloride (150 c.c.) no apparent reaction took 
place, but on heating under reflux a crystalline solid began to separate. After 3 hours the solvent was removed in vacuo 
(distillate contained chloroform), the residue stirred with light petroleum (200 c.c.) and the solid material collected, washed 
with light petroleum and dried. From its properties and analysis the solid (28 g.) appeared to be N-methylmorpholine 
hydrochloride (Found: Cl, 25-7. Calc. for C;H,,ON,HC1: Cl, 25-8%). After separation of this hydrochloride the 
ligroin solution was evaporated on the water bath and the residue distilled under reduced pressure. The main fraction 
(0 g.) contained traces of solid and on filtration and re-distillation afforded a colourless liquid (58 g.), b. p. 49°/1 mm., 
which tended to explode on heating and whose chlorine content suggested that it was largely di-isopropyl chloro- 
phosphonate (Found: Cl, 16-9. Calc. for C,H,,O,CIP: Cl, 17-7%). On treating the product with aniline (2 mols.) it 
gave aniline hydrochloride and di-isopropyl anilinophosphonate (m. p. and mixed m. p. 121°). 

VI. Reactions Using Other Polyhalogen Compounds.—Dibenzyl phosphite and pentachloroethane. Asolution of dibenzyl 
phosphite (1-3 g.) in pentachloroethane (5 c.c.) was shaken with aqueous ammonia (5 c.c., d 0-880). As no rapid reaction 
occurred pyridine (15 c.c.) was added to facilitate mixing. Heat was evolved and after 30 minutes the mixture was 
evaporated under reduced pressure and the residue washed with water. MRecrystallisation gave dibenzyl amino- 
phosphonate (0-9 g., 66%). 

Dibenzyl phosphite and hexachloroethane. Rapid reaction took place on mixing dibenzyl phosphite (1-3 g.), hexa- 
chloroethane (5 c.c.), pyridine (20 c.c.), and aqueous ammonia (5 c.c., d 0-880). After 30 minutes the mixture was worked 
up as above giving dibenzyl aminophosphonate (1-25 g., 90%). 

Di-isopropyl phosphite and pentachloroethane. Ammonia was passed in a slow stream through a water-cooled solution 
of di-isopropyl phosphite (83 g.) in pentachloroethane (260 g.) for several hours. Benzene (100 c.c.) was added to the 
pasty mixture and passage of ammonia continued (total time 15 hours). The separated solid (70-5 g.) was identified as 
ammonium chloride (Found: Cl, 66-6. Calc.: Cl, 664%). Distillation of the liquid gave, in addition to recovered 
solvent and unidentified material, tetrachloroethylene (b. p. 120—121°) and unchanged di-isopropyl phosphite (60 g.). 
The distillation residue on trituration with ligroin’ yielded di-isopropyl aminophosphonate (16 g.), m. p. 56—57°. The 


rather unsatisfactory result in this case was not unexpected in view of the ease with which hydrogen chloride is eliminated 
from pentachloroethane. 


henylethylamine. 
Morpholine reacted less vigorously than the above primary amines and the yield (87%) 
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Picric Acid and 3: 5-Dinitro-o-cresol. An Almost Quantitative Preparation of 
Picramic Acid. | 


By HerBert H. Hopcson and Epwarp R. Warp. 


Picric acid is reduced in aqueous methyl alcohol at 60° by sodium sulphide and sodium bicarbonate to give 
a 98% yield of picramic acid; the corresponding reduction in aqueous ethyl alcohol does not commence until 


ca, 80°, and then only with a 55% yield together with traces of sulphide dyes. Corresponding reductions of 
3 : 5-dinitro-o-cresol are described. 


Ix previous work (Hodgson and Birtwell, J., 1944, 75) the rapid mono-reduction of 1 : 3-dinitronaphthalene in 
about 85% yield was effected by sodium sulphide in the presence of sodium bicarbonate with aqueous methanol 
as medium. Owing to the slight solubility of sodium carbonate in the medium the equilibrium, Na,S + 
NaHCO, => Na,CO, + NaSH, was designed to produce the optimum concentration of sodium hdyro- 
sulphide which was believed to be the main reducing agent. By-products were diminished to a minimum, 


and methanol was found to be superior to ethanol in every way. It seemed desirable, therefore, to extend the 
work to the mono-reduction of picric acid and of 3 : 5-dinitro-o-cresol. 
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In his review of previous work on the preparation of picramic acid Clayton (J. Soc. Dyers and Col., 1930, 
46, 365) concluded that optimum yields were obtained by the use of aqueous sodium picrate and prepared 
sodium hydrosulphide; in this respect, the methods described by Fierz—David (Fundamental Processes of Dy. 
Chemistry, Churchill, 1921, p. 78) for the preparation of picramic acid are indirectly processes which involve 
sodium hydrosulphide, and tne yields claimed of ca. 85% support the present authors’ view that this compound 
is the prime reducing agent. 

In the present investigat:ion, alkaline solutions of picric acid in water and in aqueous methanol have been 
reduced with sodium hydrosulphide, sodium sulphide, sodium trisulphide and ammonium sulphide, either 
alone or in admixture, and an almost theoretical yield of picramic acid has been obtained in aqueous alcohol 
below 60° by the Hodgson and Birtwell procedure (loc. cit.). It is remarkable that when ethanol is used instead 
of methanol reduction is almost negligible at 60°, even when the reduction time is extended and twice the 
required amount of reducing agent employed, but at 80° a 55% yield was obtained in 30 minutes, accompanied, 
however, by traces of sulphide dyes which dyed cotton directly in light brown shades. This production of 
sulphide dyes, which is non-existent in methanol and incipient in ethanol, becomes appreciable in aqueous 
media, particularly when alkali is also present, and it can become the main reaction when either picric or 
picramic acid is heated under pressure with strongly alkaline sulphide solutions for 24 hours. It would appear, 
therefore, that one function of the special mixture is to maintain alkalinity of the medium below that required 
for sulphide dye formation. 

One important feature which emerged from the 70% yield obtained in aqueous solution (Table III, Experi- 
ment 5) with sodium sulphide alone, was that the amount of reducing agent required to produce an excess of 
sulphide in the reaction mixture was less than the amount required by the equation, 4RNO, + 6Na,S + 7H,0 = 
4RNH, + 3Na,S,0, + 6NaOH, viz., 1-3 mols. against 1-5 mols. per mol. of picric acid. This fact would 
appear to indicate that the by-products require less sodium sulphide for their production than does picramic 
acid. This is further demonstrated by the fact that picramic acid when submitted to the action of aqueous 
sodium sulphide at 55—60° in the presence of sodium hydroxide does not give any sulphide dye. | 

Both 3: 5-dinitro-o-cresol and 2: 4-dinitrophenol are less readily reduced by Hodgson and Birtwell’s 
method (loc. cit.) than is picric acid, while in both cases there is concurrent formation of sulphide dyes favoured 
by increase of temperature and alkalinity. As expected (cf. Hodgson and Turner, J., 1943, 318; Hodgson, 
J. Soc. Dyers and_Col., 1943, 59, 246) the monoreduction products are 5-nitro-3-amino-o-cresol and 4-nitro-2- 
aminophenol respectively. 

In all the reductions investigated there appeared to be an initial induction period after all,the sulphide 
mixture had been added which was the prelude to a rapid reaction, so that the first intermediate would appear 
to be only slowly formed. Further, while the addition of sodium bicarbonate to the sodium sulphide in alcohol 
greatly improved the reduction efficiency, this does not occur in water alone (see Table II, Experimental 6) 
since the water-soluble sodium carbonate formed (insoluble in the methanol medium) probably introduces the 
alkalinity necessary for by-product formation with 20% diminution in yield of picramic acid. 


EXPERIMENTAL. 


General Reduction Proceduve.—Picric acid (10 g.) is dissolved in water or methanol at 55° and the appropriate amount 
of alkali (sodium hydroxide or ammonia), usually sufficient to neutralise the picric acid, then added. The reducing 
agent (see below) is stirred in gradually over 10—15 mins. at 55—60° until in excess (detected by ferrous sulphate paper). 
The mixture is cooled to 30° for the aqueous solutions and to 10° for those containing methanol to which water (150 c.c.) 
is also added, filtered, and the precipitate of sodium picramate washed with water or sodium chloride solution or saturated 
aqueous sodium picramate. The yield is determined by titration of the sodium picramate, suspended in hydro- 
chloric acid (40 c.c., d 1-18) and water (1 1.) with a solution of sodium nitrite (35 g.) in water (1 1.). 

The Sodium Hydrosulphide Solutions.—(A) Crystallised sodium sulphide (24 g., 0-1 g.-mol.), sodium bicarbonate 
(8-4 g.) dissolved in water (40 c.c.) at 40—50° containing sodium hydrosulphide (5-6 g., 0-1 g.-mol.) (Hodgson and Birt- 
well, Joc. cit.). (B) Sodium hydroxide (4 g., 0-1 g.-mol.) dissolved in water (40 c.c.) and treated at 0° with hydrogen 
sulphide gas until the increase in weight corresponds with the complete formation of sodium hydrosulphide; vol. of 
this solution, ca. 50 c.c. (Clayton, Joc. cit.). (C) Sodium carbonate (10 g.) added to (B), but it is impossible to effect 
complete dissolution without loss of hydrogen sulphide. (D) Crystallised sodium sulphide (27-6 g.) in water (21:8 ¢.) 
treated at 0° with hydrochloric acid (10-5 c.c., d 1-16); loss of hydrogen sulphide is diminished by using a tall cylinder, 
and running in the acid through a thistle tube to the bottom of the solution (Lapworth, J., 1921, 119, 367). 


TABLE I. 


Reductions of picric acid (10 g:) in aqueous methanols (100 c.c.) containing sodium hydroxide (1-75 g.). 


Reducing agent. 


Na,S,9H,O (12 g.) in water (50 c.c.) 
B (with 2 g. Na,CO,) 


In the mother liquors from “" 
by isolation, making the total yield 


Reaction 
mixture variation. 

None 

None 

None 

200 c.c. MeOH 
0-9 g. NaOH 
None 

None 


g.-mol. picric acid. 
2- ‘3 


G.-mol. reducing agent/ 


Yield of picramic acid. 
G. %. 
96 
91 
86 
73 
50 
Unsatisfactory 
7-67 


riment (1) about 2% of dissolved picramic acid was estimated by titration and als0 


98%; no sulphide dyes were detected. 
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TABLE II. 


Reductions of picric acid (10 g.) by sodium hydrosulphide in water containing sodium hydroxide or ammonia (d 0-88) . 
Reducing agent added in one batch. 


G.-mol. reducing agent/ Yield of picramic acid. 
Reducing agent. NaOH, g. NH,s, c.c. H,O, c.c. g.-mol. picric acid. ' %. 
60 83 
250 80 
100 70 
60 65 
250 62 
A . 100 58 
B (with 2 g. Na,CO,) , 100 80 
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TABLE III. 


Reductions of picric acid (10 g.) by crystallised sodium sulphide in water (60 c.c.) 
containing ammonia (1 c.c., d 0-88). 


Reducing agent, G.-mol. reducing agent/ Yield of picramic acid. 
Expt. g. Na,S,9H,O. Vol.,* c.c. g.-mol. picric acid. G 9 

5-4 0-52 

0-60 

0-87 

1-08 

13-5 1-29 

8-4 g. in 25 c.c. B — 


* Solution of sodium sulphide containing 45 g. cryst. sodium sulphid 


oh 


® Aone 
BG MOSCADW > 


er 100 c.c. 


TABLE IV. 
Reductions of picric acid (10 g.) by crystallised sodium sulphide (13-5 g.; 1-3 g.-mols. reducing agent/g.-mol. picric 
acid) in water (90 c.c.) with additions to reduce alkalinity. 
Yield of picramic acid. 
Additions to reaction mixture. G. %. 
Ammonia (1 c.c., d 0-88). Then 1 g. NaHSO,, 1 g. NaHSO, or 1 g. Al acetate, after 6-0 70 
adding two-thirds of reducing agent. 
(2) Ammonia (1 c.c., d 0-88), NH,Cl, or cryst. MgSO, (5 g.). 527. 57 


Miscellaneous Reductions.—A solution of sodium trisulphide made up of crystallised sodium sulphide (12 g.) and 
sulphur (3 g.) in water (30 c.c.) when added to one of picric acid (10 g.) in water (250 c.c.) containing NaOH (2 g.) and 
maintained at 55—60° gave a 70% yield of picramic acid; a similar reduction of picric acid (10 g.) in water (60 c.c.) and 
ammonia (1 c.c., d 0-88) with a mixture of crystallised sodium sulphide (7-2 g.) in water (18 c.c.) and conc. ammonium 
sulphide (10 c.c.) gave only a 49% yield. 

Examination of filtrate after removal of picramic acid by filtration at 30°, from an aqueous reduction with sodium sulphide. 
Sodium sulphide solution (150 c.c. containing 67-5 g. Na,S,9H,O) was stirred gradually into a solution of picric acid 
(50 g.) in water (300 c.c.) containing ammonia (5 c.c., d 0-88) at 55°. After the reaction was complete, the mixture was 
cooled to 30° and filtered, the filtrate just acidified with concentrated hydrochloric acid at 50° and heated to 100° (H,S 
and SO, evolved) to coagulate the precipitate. The filttate from the mixture, cooled to 15°, was evaporated to dryness 
and the residue extracted successively with benzene (100 c.c.), ethanol (200 c.c.) and hot water. The benzene extract 
gave picramic acid (0-7 g.), the alcohol extract a sulphur dye (11-12 g.), the water extract sodium chloride, and the final 
residue was a mixture of sulphur and tar (0-8 g.). The precipitate above contained picramic acid (1-8 g.) and sulphur 
dye (3-8 g.). The total yield of dissolved picramic acid was 5-6%. 

Reduction of 3 : 5-Dinitro-o-cresol.—(A) In methanol. 3 : 5-Dinitro-o-cresol (10 g.), dissolved in methanol (200 c.c.) at 
60° with addition of sodium hydroxide (2 g.) to give a neutral solution, was treated With mixture A (in amount, 2-4 g.- 
mol, NaSH/g.-mol. dinitrocresol). Reduction was negligible at 60° but became appreciable at 70°, and the mixture was 
maintained just above this temperature for 2 hrs., cooled to 10°, filtered, the alcohol removed, filtered again, and the 
filtrate steam distilled when about 15% of the unchanged 3 : 5-dinitro-o-cresol was recovered. The above residues of 
crude sodium derivative were combined, treated with HCl in excess, steam distilled to remove unchanged dinitrocresol 
and the insoluble residues mixed with calcium carbonate extracted repeatedly with boiling toluene. The pure 5-nitro-3- 
amino-o-cresol (7 g., 80% yield) was crystallised from toluene or boiling water, m. p. 176° (Cazeneuve, Bull. Soc. chim., 
1897, 17, 206 gives m. p. 165°); diazotisation and Sandmeyer treatment gave 3-chloro-6-nitro-o-cresol which crystal- 
lised from 80% acetic acid in flesh coloured plates, m. p. 122° (Kehrmann, Ber., 1915, 48, 2024, gives m. p. 122°) (Found : 
N, 7-7. Calc. for C,H,O,N,: N, 75%); the intermediate 5-nitro-2-oxy-3-diazotoluene crystallised from hot water in 
light yellow crystals, m. p. 123° (decomp.) (Found : N, 23-6; C,H,O,N, requires N, 23-4%) ; in this reduction no sulphur 
dye was detected. 

(B) In water. 3: 5-Dinitro-o-cresol (15 g.), dissolved in water (100 c.c.) containing sodium hydroxide (3 g.), was 
treated at 80° with mixture B (96 c.c., 2-3 g.-mols./g.-mol. dinitrocresol) and maintained at 85° for 2hrs. To the mixture 
cooled to 0°, hydrochloric acid (20 c.c., d 1-18) was slowly added until a brown precipitate was formed (further addition 
Precipitated a violet compound) ; the precipitate was separated, washed with water, mixed with excess calcium carbonate, 
extracted with toluene as in (A) above giving 5-nitro-3-amino-o-cresol (10-5 g., 80%). The residue (6 g.), insoluble in 
toluene, contained sulphur dyes which dyed cotton directly to intense black shades. 


The authors are indebted to the Charles Brotherton Trust for a research scholarship (E. R. W.) and to James Robin- 
son & Co., Ltd., and Imperial Chemical Industries Ltd., Dyestuffs Division, for gifts of chemicals. 
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176. The Chemistry of Xanthic Acid Derivatives. Part I. The Preparation and 
Comparative Properties of Isomeric Xanthates and Dithiocarbonates. 
By GERALD BULMER and FREDERICK G. MANN 


The preparation and properties of several series of isomeric compounds consisting of two xanthates and 
one dithiocarbonate, of structure RO-CS:SR’, R’O-CS‘SR and RS*CO-SR’ respectively, have been studied. 
The action of phenylhydrazine differentiates decisively between the three isomerides, for the two xanthates 
furnish different thiourethanes, and the dithiocarbonate is unaffected. When R is a benzyl and R’ a p-sub- 
stituted benzyl group, thermal decomposition of all three isomerides gives dibenzyl disulphide and a p-sub- 
stituted stilbene; when R and R’ are different p-substituted benzyl groups, such decomposition affords two 
p-substituted stilbenes. When R and R’ are identical p-substituted benzyl groups, the dithiocarbonate 
apparently exists as a ‘‘ parent ’”’ and a “‘ stable form,”’ into the latter of which the xanthate passes on heating. 

The simpler alkyl xanthates and dithiocarbonates also show the above differentiation with phenylhydrazine, 
but differ from the benzyl analogues in that, with chloramine-T, they both furnish di-sulphonamido-derivatives 
of type (XXIV), which have previously been obtained by the action of chloroamine-T on thiols and disulphides. 
Evidence is adduced for the mechanism of the conversion of the thiols and disulphides to the di-sulphonamido- 
derivatives. 


In order to interpret results obtained in other aspects of the chemistry of xanthic acid derivatives (see Parts 
II and III), we found it necessary to extend and to systematise current knowledge concerning the isomeric com- 
pounds RO-CS-SR’, R’O-CS-SR, RS-CO-SR’, the first two being esters of xanthic acids and the last an ester of 
sym. dithiocarbonic acid; in particular, we wished to know (a) the conditions under which such compounds 
were stable, or underwent interconversion or underwent thermal decomposition, (b) the nature of the thermal 
decomposition products and their relation to the structure of the parent compounds and (c) other reactions 
which might serve to identify the parent compounds. 

The results of a considerable amount of uncorrelated work on these aspects of xanthic acid chemistry have 
been recorded; the salient points of the most important investigations are therefore briefly summarised. 
Although Debus (Amnalen, 1850, 75, 127) showed that O-ethyl S-ethyl xanthate, EtO-CS-SEt, could be readily 
prepared by the interaction of potassium xanthate and ethyl iodide, apparently only three pairs of isomeric 
xanthates having two unlike alkyl groups have hitherto been prepared; the members of each pair were liquids 
having very similar physical properties, and a chemical proof of the non-identity of the two members has been 
obtained for only one such pair. Thus Mylius (Ber., 1872, 5, 972) prepared O-methyl S-n-propyl xanthate, and 
Scala (Gazzetta, 1887, 17, 81) prepared O-n-propyl S-methyl xanthate. Salomon (J. pr. Chem., 1874, 8, 114), 
using Debus’s reaction, prepared O-methyl S-ethyl xanthate and O-ethyl S-methyl xanthate, and showed that 
the former reacted with ammonia to form O-methylthiourethane and ethanethiol, MeO-CS-SEt + NH; = 
MeO-CS:NH, + EtSH, whereas the second xanthate simarly afforded O-ethyl-thiourethane and methanethiol. 
Tschugaeff (Ber., 1898, 31, 1775), using optically active amyl alcohol, prepared the isomeric O-ethyl S-amyl 
and O-amyl S-ethyl xanthates, which possessed markedly different optical rotations. 

sym.-Dithiocarbonates have been prepared by the action of phosgene on the sodium alkyl sulphides (Salomon, 
J. pr. Chem., 1872, 6, 444), and by the acid hydrolysis of alkyl thiocyanates (Schmitt and Glutz, Ber., 1868, 1, 


2RSNa + COCI, = (RS),CO + 2NaCl; 2RSCN + 3H,O = (RS),CO + CO, + 2NH, 


166). Apparently, only one such ester containing two unlike alkyl groups has been recorded: Schone (/. pr. 
Chem., 1885, 82, 244) prepared S-methyl S’-isoamyl dithiocarbonate by the interaction of sodium methyl 
sulphide and iso-amyl chloro-thioformate, Me,CH(CH,),S*CO-Cl. It has been claimed (Schmitt and Glutz, 
loc. cit.; Debus, loc. cit.) that sym.-dialkyl thiocarbonates can be distinguished from the isomeric xanthates 
by the fact that heating with water at 160° causes the reactions (Ai) and (Aii) respectively, whilst alcoholic 


(Ai) (EtS),CO + H,O = 2EtSH + CO,; (Aii) 2EtO-CS‘SEt + 2H,O = 2EtOH + 2EtSH + CO, + CS, 
(Bi) (EtS),CO + NH, = (NH,),CO + 2EtSH; (Bii) EtO-CS-SEt + NH, = EtO-CS:NH, + EtSH 
ammonia causes reactions (Bi) and (Bii) respectively. 

The thermal decomposition of xanthate esters presents several points of special interest. Tschugaeff (Ber. 
1899, 32, 3332; 1900, 38, 735; J. Russ. Phys. Chem. Soc., 1903, 85, 1116; 1904, 36, 988) first prepared unsatur- 
ated terpenoid hydrocarbons by the destructive distillation of suitable xanthates: for example, O-menthy! 
S-methyl xanthate afforded menthene, methanethiol and carbonyl sulphide, whilst the corresponding bornyl 
derivative decomposed similarly with the production of bornylene. Parallel results with O-fenchy] derivatives 
were obtained by Nametkin and Seliwanoff (J. Russ. Phys. Chem. Soc., 1917, 49, 417) and by Qvist (A nnalen, 
1918, 417, 278), and with various O-cyclohexy] derivatives by Nametkin and Brussov (Ber., 1923, 56, 1807), 
Kursanov (J. Russ. Phys. Chem. Soc., 1928, 60, 92) and Alexandrovitsch (J. Gen. Chem. Russ., 1923, 3, 38) : 
for example, the latter showed that O-cyclohexylmethyl S-methyl xanthate on destructive distillation aff orded 
methylene-cyclohexane, (CH,),:C:CH,. In all the above compounds, the group attached to the oxygen atom 
in the original xanthate could break off (with loss of hydrogen) as a stable unsaturated hydrocarbon : 
Nametkin and Kursanov (J. pr. Chem., 1926, 112, 164; J. Russ. Phys. Chem. Soc., 1926, 57, 390) investigated 
the thermal decomposition of O-benzyl S-methyl xanthate, where such a reaction cannot occur, and showed 
that this xanthate afforded stilbene : 


2PhCH,*O-CS‘SMe = PhCH:CHPh + 2MeSH + 2COS. 
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Kursanov (ibid., 1928, 60, 921) showed that O-benzhydryl S-methyl xanthate similarly afforded tetraphenyl 
ethylene, Ph,C:CPh,. We show later that this formation of stilbenes is characteristic of certain types of 
p-substituted benzyl xanthates and dithiocarbonates. 

McAlpine (J., 1931, 1114; 1932, 906) reinvestigated the work of Tschugaeff (Joc. cit.) on the thermal decom- 
position of O-menthyl (and O-bornyl) S-methyl xanthate and of several similar compounds. She found that 
although these esters, when heated alone at atmospheric or reduced pressure, or in certain solvents, usually 
decomposed as Tschugaeff described, yet each ester when heated in various alcohols or in ethylene 
dibromide, was converted to a ‘‘ stable form ”’ which had the same composition, molecular weight and melting 
point (alone and mixed) as the parent ester, but possessed much greater thermal stability; consequently, 
thermal decomposition of the ‘‘ stable form ”’ required a much higher temperature than that of the parent form, 
but gave the same decomposition products. Some of the esters were converted into their ‘‘ stable form ’’ even 
by distillation under reduced pressure. The tendency to “‘ stable form ” production was increased by replace- 
ment of the S-methyl group by higher alkyl groups, and decreased by replacement of this group by the 
S-benzyl group. The true nature of McAlpine’s “ stable forms ”’ is still uncertain ; we have encountered similar 
“stable forms ’”’ of various sym.-dithiocarbonates (see later), but McAlpine’s evidence shows clearly that her 
“ stable forms ’’ were still xanthates and not the isomeric dithiocarbonates. 

Laakso (Suomen Kem., 1940, 188, 8) has recently described the effect of heat on many xanthates, 
RO-CS‘SR’, where R represented the fenchyl, pivalyl, and also various methylated cyclo-hexyl groups, and R’ 
the methyl, ethyl, ”- and iso-propyl groups. Many of these compounds on heating were converted to the 
isomeric dithiocarbonates; decisive evidence for this isomerisation was adduced by Laakso, who, however, 
refers to the dithiocarbonates as “‘ stable forms ”’ of the xanthates. 

We have consequently made a detailed investigation of the formation and reactions of various benzyl 
xanthates and dithiocarbonates, and also of their simpler alkyl homologues; the benzyl compounds are more 
conveniently described first, however, as these compounds and their significant derivatives are all well defined 
crystalline compounds having sharp m. p.’s, whereas the lower alkyl analogues are often liquid. 

The reactions of the dibenzyl xanthates and dithiocarbonates indicate that these compounds apparently 
fall into three distinct classes according as whether (a) one benzyl group is substituted in the p-position, (5) 
both benzyl groups are thus substituted, but these substituents are unlike, (c) both benzyl groups carry identical 
p-substituents. 

In class (a), we have found that sodium benzyl xanthate (I) reacts readily with p-chlorobenzyl chloride, 
affording O-benzyl S-p-chlorobenzyl xanthate (II), m. p. 63-5°, whereas sodium f-chlorobenzyl xanthate (III) 
with benzyl chloride gave O-p-chlorobenzyl S-benzyl xanthate (IV), m. p. 49°. When, however, a chilled ethereal 
solution of phosgene was treated with sodium derivatives of benzyl- and p-chlorobenzyl-thiols in correct pro- 
portions, the isomeric S-benzyl S'-p-chlorobenzyl dithiocarbonate (V), m. p. 67-5°, was obtained. All three 
isomeric compounds, (II), (IV), and (V), when heated at 18 mm. gave the same products, namely, dibenzyl 
disulphide (VI) and 4: 4’-dichlorostilbene (VII); the compounds (II) and (V) underwent this decomposition 
even at 0-5 mm., but the xanthate (IV) distilled unchanged at this low pressure. 

CICH,’C,H,Cl heat 
PhCH,O-CS‘SNa ——————>_ PhCH, 0°CS‘S-CH,°C,H,Cl —> PhCH,S-SCH,Ph + CIC,H,CH°:CHC,H,Cl 
(I.) (II.) (VI.) (VII.) 


PhNH:NH, 


PhCH,0-CS‘NH:NHPh + CIC,H,CH,SH 
(VIII.) - 


CICH,Ph PhNM'NH 
Widest agaasg —— > CIC,H,CH,O-CS‘S‘CH,Ph ——++> CIC,H,CH,O-CS‘NH:NHPh + PhCH,SH 
II.) (IV.) (IX.) 


cocl, PhNH-:NH, 
PhCH,SNa + CIC,H,CH,SNa ——>. PhCH,S-CO*SCH,C,H,Cl —————>> Unchanged 
(V.) 


The identity of the three isomeric esters is clearly shown by their synthesis: it was however proved inde- 
pendently by their behaviour towards phenylhydrazine. The xanthate (II), when boiled in alcoholic solution 
with an excess of phenylhydrazine, afforded the crystalline O-benzyl-N-phenylamino-thiourethane (VIII) and 
p-chlorobenzyl thiol; the isomeric xanthate (IV) similarly afforded O-p-chlorobenzyl-N-phenylamino-thio- 
repens (IX) and benzyl thiol: the dithiocarbonate (V), even when refiuxed with alcoholic phenylhydrazine 
Whe hours, was unchanged. This reaction of phenylhydrazine with xanthic esters was discovered by 
pr er and Barnes (Amer. Chem. J., 1900, 24, 60), using O-ethyl S-ethyl xanthate; their work, which is 

— later, placed the structure of the resulting thiourethane beyond doubt. Our results now show that 
a hydrazine is a decisive reagent for the identification of the members of any isomeric triad consisting of 
wo xanthates and one dithiocarbonate; several other confirmatory examples are quoted later. 
scene above results appear to be general in type for xanthates and dithiocarbonates of class (a), i.e., those 
th § one unsubstituted benzyl group. For example, we have prepared, by precisely similar reactions to 
ose described above, another isomeric triad, namely, O-benzyl S-p-methylbenzyl xanthate (X), m. p. 62-5— 
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63°, O-p-methylbenzyl S-benzyl xanthate (XI), m. p. 39—39-5°, and S-benzyl S'-p-methylbenzyl dithiocarbonat 
(XII), m. p. 65°. 


heat 
PhCH,0-CS-S-CH,C,H,Me —> PhCH,S:SCH,Ph + Me-C,H,CH:CHC,H,*Me 
(X.) (XIII.) 


| PhNH-NH, 


PhCH,0-CS‘NH:NHPh + Me-C,H,CH,SH 
(VIII.) 


P 5 
Me-C,H,CH,0-CS-S-CH,Ph Bees covns. © Me-C,H,CH,0-CS‘NH:NHPh + PhCH,SH 
(XI.) (XIV.) 
PhNH-NH, 
(XII.) PhCH,S-:CO-S-CH,C,H,Me —————> Unchanged. 

All these compounds when heated at 18 mm. gave dibenzyl disulphide and 4 : 4’-dimethylstilbene (XIII); 
the compounds (X) and (XII) gave this decomposition when heated even at 0-1 mm., but the compound (X]} 
distilled unchanged at this lower pressure. The xanthate (X), treated with phenylhydrazine as before, gave 
the thiourethane (VIII) and p-methylbenzylthiol; the xanthate (XI), similarly treated, afforded O-p-methy)- 
benzyl-N-phenylamino-thiourethane (XIV) and benzylthiol; the isomeric dithiocarbonate (XII) was unafiected 

by boiling alcoholic phenylhydrazine. 

Compounds in class (b), i.e., those in which the two benzyl groups carry dissimilar p-substituents, differ in 
two respects from those in class (a); the three members show no apparent difference in thermal stability, and 
the products of thermal decomposition in all cases consist of two substituted stilbenes. _No disulphides could be 
detected in the products of this decomposition. To illustrate these points, we have prepared, by similar 
methods to those above, O-p-chlorobenzyl S-p-methylbenzyl xanthate (XV), m. p. 57—58°, O-p-methylbenzyl S-p- 


heat 
CIC,H,CH,O-CS-S-CH,C,H,Me —> CIC,H,CH:CHC,H,Cl + Me-C,H,CH:CHC,H,-Me 
(XV.) (VIL.) (XIII.) 


PhNH-NH, 


CIC,H,CH,O-CS‘NH:NHPh + Me-C,H,CH,SH 
(IX.) 


PhNH:NH, 
MeC,H,CH,0-CS-S-CH,C,H,Cl —————> _MeC, H,CH,0-CS‘NH-NHPh + CIC,H,CH,SH 
(XVI.) (XIV.) 
PhNH-NH, 
CIC,H,CH,°S:CO-S‘CH,C,H,Me ———> Unchanged 
(XVIL.) 


chlorobenzyl xanthate (XVI), m. p. 46-5—47°, and S-p-chlorobenzyl S’-p-methylbenzyl dithiocarbonate (XVII), 
m. p. 73°. All these compounds, when heated at 0-5 mm. or at 18 mm., decomposed smoothly with the form- 
ation of 4: 4’-dichlorostilbene (VII) and 4: 4’-dimethylstilbene (XIII). The xanthate (XV) with phenyl. 
hydrazine afforded the p-chloro-thiourethane (IX) and p-methylbenzylthiol ; the xanthate (XVI) gave similarly 
the p-methyl-thiourethane (XIV) and p-chlorobenzylthiol; the dithiocarbonate (XVII) was unaffected. 
Entirely different factors enter into the thermal stability of members of class (c), in which each benzy! 
group carries the same p-substituent, and in which there are therefore only two isomeric members of each series. 
By the interaction of sodium -chlorobenzyl xanthate and p-chlorobenzyl chloride, we have prepared O-p- 
chlorobenzyl S-p-chlorobenzyl xanthate (XVIII), m. p. 75-5—76°. The action of phosgene on an alcoholic 
solution of sodium p-chlorobenzyl sulphide furnished the isomeric SS’-bis-p-chlorobenzyl dithiocarbonate (XIX), 
m. p. 78—78-5°; this form of the compound (XIX) will be referred to as the parent form. When this dithio- 
carbonate (XIX) was heated at 18 mm., it decomposed, affording 4 : 4’-dichlorostilbene (VII), but when heated 


heat at 0-5 mm. or 18 mm. 


(XVIII.) CIC,H,CH,*O-CS-S-CH,C,H,Cl —> ‘‘ Stable form ” of (XIX.) 


: T 


heat at 18 mm. ‘ 
(XIX.) CIC,H,CH,°S:CO-S-CH,C,H,Cl ——————> CIC, H, CH:CHC,H,Cl (VIL.) 
at 0-5 mm., it distilled without decomposition but with conversion to its “ stable form ”: the latter had the 
same composition, molecular weight, and m. p. as the parent form, but possessed much higher thermal stability. 
It could now be distilled unchanged at 18 mm., no indication of decomposition to the chloro-stilbene beims 
detectable. When the isomeric xanthate (XVIII) was heated at either 18 mm. or 0-5 mm., it underwent smooth 
conversion to the “‘ stable form ”’ of (XIX) which constituted the only component in the-distillate. It should 
be emphasised that no doubt existed concerning the chemical identity of the xanthate (XVIII) and the dithio- 
carbonate (XIX); the former reacted with phenylhydrazine producing the p-chloro-thiourethane (IX) and 
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p-chlorobenzylthiol, whereas the dithiocarbonate (XIX) in the parent or the “ stable form ” was unaffected 
by this reagent. 

The plausible explanation of this remarkable thermal behaviour of the dithiocarbonate (XIX) is that the 
parent form of this compound possessed traces of impurity, undetectable by ordinary analytical methods, which 
catalysed its thermal decomposition to the stilbene, and, when this (presumably non-volatile) impurity was 
removed by distillation (at 0-5 mm.) of the dithiocarbonate, the latter then possessed its true thermal stability. 
Three factors, however, make this explanation improbable. (i) We have recrystallised samples of the parent 
form of the dithiocarbonate (XIX) repeatedly from alcohol, acetic acid and ligroin. Each sample was un- 
affected in m. p. or in thermal behaviour by this treatment, i.e., each sample at 18 mm. still gave the stilbene 
and at 0-5 mm. the “ stable form.” It is exceedingly unlikely that traces of an impurity would still remain after 
such crystallisation from both polar and non-polar solvents. (ii) The conversion of the xanthate (XVIII) to 
the dithiocarbonate (XIX) is a reaction apparently unknown in benzyl derivatives of classes (a) and (b), and 
indicates that a novel and fundamental factor, rather than a mere impurity, determines the reactions of members 
ofclass (c). (iii) Other examples of the production of “ stable forms ’’ of dithiocarbonates have been detected, 
and it is unlikely that a similar and unstabilising impurity should be present in all such compounds. 

To illustrate the last point, we have prepared O-p-methylbenzyl S-p-methylbenzyl xanthate (XX), m. p. 
68-5—69°, and SS’-bis-p-methylbenzyl dithiocarbonate (X XI), m. p. 72—72-5°. The latter compound on heating 
at 18 mm. gave 4: 4’-dimethylstilbene (XIII) but at 0-5 mm. gave a distillate of the “ stable form ”’ of (XX1I), 
which could now be distilled undecomposed at 18 mm. The isomeric xanthate (XX) when heated at 0-5 mm. 


heat at 0-5 mm. or 18mm. 


(XX.) Me-C,H,*CH,°O-CS:S:CH,C,H,’Me —> ‘Stable form” of (XXI.) 





peat at iain 


heat at 18 mm. 
(XXI.) Me-C,H,-CH,*S-CO-S-CH,-C,H,“Me ——————> _Me-C,H,CH:CHC,H,"Me (XIIL.) 
or 18 mm, gave a distillate of the pure “ stable form” of (XXI). As before, repeated crystallisation of the 
“parent form ”’ of (XXI) from alcohol, acetic acid or ligroin left this form unchanged in properties. 

The fundamental difference between the parent and the stable forms of our dithiocarbonates (and of 
McAlpine’s xanthates) still remains uncertain and warrants further investigation. 

One unique case should be mentioned which does not fall into any of the above classes, i.e., when neither 
benzyl group carries a substituent. We have treated sodium benzyl xanthate with benzyl chloride in order to 
obtain O-benzyl S-benzyl xanthate, PhCH,O-CS-SCH,Ph, but the only product isolated was dibenzy] disulphide, 
and the xanthate is apparently too unstable for normal preparation. This is not surprising; the ready form- 
ation of the disulphide which was characteristic of compounds of class (a) having one unsubstituted benzyl group 
is now so accentuated that it has become a spontaneous reaction under our preparative conditions. By the 
action of phosgene on alcoholic sodium benzyl sulphide we have,*however, prepared SS’-dibenzyl dithiocarbonate, 
(PhCH,S),CO. This compound is a liquid which when heated at 18 mm. readily decomposed with the form- 
ation of dibenzyl disulphide; when heated at 0-5 mm., however, it distilled apparently as a “ stable form,”’ 
which could then be distilled unchanged also at 18 mm. In view of the liquid nature of this compound, how- 
ever, the essential difference between the parent and the stable forms is not so clearly defined as in the highly 
crystalline compounds (XIX) and (XXI). 

We have treated several of the above xanthates and dithiocarbonates with an excess of chloramine-T 
(sodio-toluene-p-sulphonchloroamide) in boiling alcoholic solufion. Although a reaction occurred in every 
case, with the formation of sodium chloride and p-toluenesulphonamide, no other decisive product was isolated. 
In this respect, these xanthates and dithiocarbonates differ strikingly from their simpler alkyl analogues 
described below. 

The simple dialkyl xanthates and sym.-dithiocarbonates show interesting similarities and diflerences com- 
pared with the benzyl analogues previously described. We have prepared O-ethyl S-ethyl xanthate (XXII) 
by Debus’s method; it is a colourless liquid which distils unchanged at 78° / 18 mm., and which reacts with 


PhNH-NH, 
EtO-CS‘SEt ————> EtO-CS‘NH‘NHPh + EtSH 
(XXIL, (XXIII) 


Be ga 


> EtS>N-SO,Tol (XXIV.) 
ct NHSO,'Tol 


PhNH-NH. 
(XXV.) EtS-CO-SEt ————> Unchanged 
* Abbreviation for chloramine-T. 


phenylhydrazine to give O-ethyl-N-phenylamino-thiourethane (XXIII) and ethanethiol as Wheeler and Barnes 
(loc. cit.) have described. When treated with an excess of chloramine-T it is converted to ethyl p-toluene- 
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sulphonimidosulphine-p-toluenesulphonylimine (XXIV, where Tol = p-tolyl); the yield of the latter never 
exceeded one molecular equivalent, however, and it is clear that only the ethyl group joined to sulphur in the 
xanthate (XXII) enters the compound (XXIV). By the action of phosgene on sodium ethyl sulphide, we have 
prepared SS’-diethy] dithiocarbonate (X XV), a colourless liquid of b. p. 85—87°/19 mm., which, as expected, 
was unaffected by phenylhydrazine; when treated with an excess of chloramine-T, it also gave the di-sulphon- 
amido-compound (XXIV). In view of the symmetrical structure of the dithiocarbonate (X XV), however, it 
is remarkable that the compound (XXIV) was never formed in more than one molecular equivalent. The 
reason for this identical behaviour of dialkyl xanthates and dithiocarbonates with chloramine-T is obscure; 
it is possible, however, that the initial action in each case is hydrolysis of the ester giving equimolecular quantities 
of ethanethiol, ethanol and carbonyl] sulphide, and the first of these products then furnishes the di-sulphon- 
amido-compound of type (XXIV). 

We have obtained precisely similar results to those described above, using the dimethyl analogue of (XXII), 
It is clear, therefore, that isomeric dialkyl xanthates and dithiocarbonates can be differentiated by their 
behaviour towards phenylhydrazine; furthermore, that the structure of an as.-dialkyl xanthate, RO-CS-SR’, 
can be determined by its reaction with phenylhydrazine, and readily confirmed by that with chloramine-T. 

Clarke, Kenyon, and Phillips (J., 1930, 1225) first obtained the disulphonamido-compound (XXIV) by the 
action of chloramine-T on ethanethiol and on sodium ethylthiolactate; Alexander and McCombie (/., 1932, 
2087) prepared it similarly from diethyl disulphide. Its present production from the compounds (XXII) and 
(XXV) led us to re-examine these earlier reactions.. We find that benzylthiol (XK XVI), when treated with 
0-5 mol. of chloramine-T, is oxidised-to dibenzyl disulphide (VI), but with 2-5 mols. is converted to benzyl 
p-toluenesulphonimidosulphine-p-toluenesulphonylimine (XXVII). The disulphide (VI) when treated with an 


2-5 Mols. C-T 
(XXVI.) PhCH,SH —————> PhCH,S>NSO,Tol 


ge: NHSO,'Tol 
_ Cs 
(VI.) (PhCH,S*), 4 Mols- 


excess (4 mols.) of this reagent also furnishes the compound (XXVII). We have obtained precisely similar 
results using p-methylbenzylthiol. It is consequently almost certain that the action of an excess of chlor- 
amine-T on a thiol is first to oxidise the latter to the disulphide, which then in turn is converted to the di- 
sulphonamido-compound of type (XXVII). It is significant that Clarke, Kenyon, and Phillips (/oc. cit.) found 
that the production of the phenyl analogue of (X XVII) by the action of 2 mols. of chloramine-T on phenylthiol 
was always accompanied by the formation of some dipheny] disulphide. 

The structure of the compound (XXIII) obtained by Wheeler and Barnes (loc. cit.) by the interaction of 
O-ethyl S-ethyl xanthate (XXII) and phenylhydrazine—and hence of the homologous compounds, (VIII), (IX) 
and (XIV), now similarly obtained—requires discussion. Wheeler and Barnes considered that the xanthate 
(XXII) reacted first by direct addition to give the product (XXVIII), which then lost ethanethiol to give the 
O-ethyi-N-phenylamino-thiourethane (XXIII), m. p. 72—74°. They considered that the structure of the latter 
compound was confirmed by the fact that it differed from the isomeric compound (X XIX), m. p. 112°, which 
Busch and Stern (J. pr. Chem., 1899, 60, 242) had obtained by the action of ethyl iodide on potassium phenyl- 
hydrazino-thioformate, PhANH-NH-CO-SK. Although it is now clear that the latter reaction would not neces- 
sarily produce an S-ethyl derivative, Wheeler and Barnes’ conclusions were supported by the fact that their 
compound (XXIII) when treated with ethyl iodide readily furnished Busch and Stern’s compound (XXIX). 


EtO-C:SEt —» EtO-CS‘NH-NHPh + EtSH EtS-CO-NH:NHPh 
(XXVIII) nS NH-NHP (XXIII) (XXIX.) 


(XXVII.) 


This reaction was interpreted as the addition of ethyl iodide to the ‘CS group in (XXIII) to give the compound, 
EtO-CI(SEt)NH-NHPh, followed by loss of the iodine in combination with the ethyl group originally linked 
to the oxygen atom. This mechanism was confirmed by the fact that the ethyl compound (XXIII), treated 
with methyl iodide or benzyl chloride, similarly furnished the S-methyl or S-benzyl analogue of (X XIX). 
This conversion, RO-CS‘NR’R” —> RS-CO-NR’R”, where R’ and R” were hydrogen, alkyl, arylamino oF 
even acyl groups, under the influence of alkyl halides, was investigated in detail and placed beyond reasonable 
doubt (see also Wheeler and Barnes, Amer. Chem. J., 1899, 22, 141; Wheeler and Johnson, ibid., 1900, 24, 
189; Wheeler and Dustin, ibid., 1900, 24, 424). We have therefore adopted the structure (as XXIII) for the 
similar compounds which we have isolated in the present investigation. 


EXPERIMENTAL. 


The names of solvents used for recrystallisation are stated in parenthesis after the compounds concerned. The 
ligroin used throughout had b. p. 60—80° unless otherwise stated. The expression ‘‘ m. p. (alone and mixed) ”’ refers 
to the m. p. of the substance alone and when mixed with authentic sample of the compound specified. All moleculat- 
weight determinations were cryoscopic, the concentrations recorded being g. solute/100 g. solvent. All the xanthates 
and dithiocarbonates, having one or two para substituted benzyl groups, separated from solution in colourless, odourless 
crystals. The trihydrated chloramine-T was used throughout. The various thiols used were prepared from the corte 
sponding chlorides or bromides by the method of Mann and Purdie (J., 1935, 1557). ; + hot 

Preparation of Metallic Xanthates.—Potassium ethyl xanthate. A solution of potassium hydroxide (100 g.) in bh 
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alcohol (300 c.c., 2-9 mols.) was chilled in ice-water, and carbon disulphide (110 c.c., 1 mol.) added in small quantities 
with vigorous stirring so that the temperature did not rise above 30°. The crystalline xanthate (230 g., 80%) which 
separated was collected, washed thoroughly with ether, and stored in a vacuum over sodium hydroxide. It was used 
within a few days of preparation. Potassium methyl xanthate was prepared similarly. 

Sodium benzyl xanthate (1). Sodium wire (23 g.) was added to benzyl alcohol (311 c.c., 3 mols.) and, when the initial 
reaction moderated, the mixture was gently boiled until all the sodium had reacted. The solution was chilled, and carbon 
disulphide (60 c.c., 1 mol.) added precisely as before; yield of the pale yellow, odourless xanthate, 130 g. (63%). 

' Sodium p-chlorobenzyl xanthate (III). ‘‘ Powdered ’’ sodium was prepared by vigorously shaking molten sodium (6-9 g.) 
with boiling xylene. -Chlorobenzy]l alcohol (51-3 g., 1-2 mols.) was added to the cold mixture, which was then maintained 
at 75—80° with occasional shaking for 5 hours, by which time the sodium had been entirely converted into sodium 
p-chlorobenzyloxide. The cold mixture was then treated with carbon disulphide (17-5 c.c., 1 mol.) as described above, the 
precipitated xanthate being ultimately collected (Found: C, 39-7; H, 2-7; Cl, 14-6; S, 266. C,H,OCIS,Na requires 
C, 39-9; H, 2-5; Cl, 14-75; S, 26-45%). Sodium p-methylbenzyl xanthate was similarly prepared (Found: C, 48-9; H, 
40; S, 29-35. C,H,OS,Na requires C, 49-05; H, 4-1; S, 29-1%). 

O-Benzyl S-p-Chlorobenzyl Xanthate (II).—A mixture of dry powdered sodium benzyl xanthate (7-7 g.) and p-chloro- 
benzyl chloride (6 g., 1 mol.) was heated on a boiling water-bath for 2 hours with occasional stirring. The cold pasty 
yellowish-grey mass was then shaken with a mixture of equal volumes of water and ether. The ethereal layer was 
separated, dried (sodium sulphate), and the ether removed under reduced pressure. The residue of crystals containing 
a small quantity of oil was washed with ice-cold ligroin to remove the oil, and the solid residue of the xanthate then 
collected and recrystallised from petrol; needles, m. p. 63-5° (Found: C, 58-45; H, 4-2; Cl, 11-5; S, 20-65; M, in 
1-187% ethylene dibromide solution, 311. C,,H,,OCIS, requires C, 58-3; H, 4-25; Cl, 11-5; S, 20-75%; M, 309). 

(A) Effect of heat. (a) At 0-1 mm. pressure. The xanthate decomposed and a colourless liquid, b. p. 190—199°, 
distilled. This distillate when cooled to 0° partly solidified, and the liquid portion was then extracted with ligroin (b. p. 
40—60°). The residual crystals afforded 4: 4’-dichloro-stilbene (VII) (alcohol), m. p. 172—173° (alone and mixed), 
(Found: C, 67°5; H, 4:1; Cl, 28-4. Calc. for C,H, Cl,: C, 67-45; H, 4-05; Cl, 285%). The ligroin extract, when 
allowed to evaporate, ultimately deposited a crystalline residue of dibenzyl disulphide (VI) (ligroin), m. p. 70—71° 
(alone and mixed) (Found: C, 68-15; H, 5-7; S, 26-05. Calc. for C,,H,,S,: C, 68-2; H, 5-75; S, 26-05%). It was 
confirmed that the disulphide was a direct product of the reaction, and did not arise by subsequent oxidation of benzyl- 
thiol. (b) At 18 mm. pressure. Decomposition again occurred, giving a liquid, b. p. 230—242°, which was separated 
as before into the previous components, identified by m. p. and analysis. 

(B) Action of phenylhydrazine. A solution of the xanthate (3-1 g.) and phenylhydrazine (1-1 g., 1 mol.) in alcohol 
(50 c.c.) was refluxed for 6 hours, and the alcohol then evaporated. The residual oil when chilled at 0° underwent partial 
solidification, and the liquid component was then extracted with cold ligroin (b. p. 40—60°). The insoluble residue 
furnished O-benzyl-N-phenylamino-thiourethane (VIII), needles (alcohol), m. p. 136° (Found: C, 65-0; H, 5-4; N, 11-0; 
$, 12-5. C,,H,,ON,S requires C, 65-05; H, 5-45; N, 10-85; S, 12-49%). The ligroin extract, on spontaneous evapor- 
ation, gave an oily residue of p-chlorobenzylthiol; this was identified by treating a portion (0-4 g.) in alcoholic solution 
with iodine (0-3 g., 1 atom) and then with 10% aqueous sodium hydroxide solution (1 c.c., 1 mol. NaOH). After 30 
minutes, the alcohol was evaporated and the residual solid (which had rapidly crystallised) furnished 4 : 4’-dichlorodi- 
benzyl disulphide (ligroin), m. p. 59° (alone and mixed) (Found: C, 53-35; H, 3-8; Cl,-22-45. Calc. for C,,H,,CI,S, : 
C, 53:3; H, 3°85; Cl, 22-5%). 

O-p-Chlorobenzyl S-Benzyl Xanthate (IV).—This was prepared precisely as (II), using sodium -chlorobenzyl xanthate 
(8-1 g.) and benzyl chloride (4-2 g., 1 mol.); needles (ligroin, b. p. 40—60°), m. p. 49°, depressed by admixture with (II) 
(Found: C, 58-4; H, 4-45; Cl, 11-6; S, 20-6; M, in 1-256% ethylene dibromide, 304. C,,H,,OCIS, requires C, 58-3; 
H, 4:25; Cl, 11-5; S, 20-75%, M, 309). 

(A) Effect of heat. (a) At 0-15 mm. pressure. The xanthate distilled unchanged as a colourless oil, b. p. 186—191°, 
which readily solidified, and when recrystallised from ligroin (b. p. 40—60°) had m. p. 49° unchanged by admixture with 
above sample (Found : C, 58-9; H, 4-4; Cl, 11-3; S, 20-9%). (b) At 16mm. pressure. The xanthate decomposed, and 
a colourless oil, b. p. 225—-240°, distilled and partly solidified when chilled. Treatment as previously described separated 
it into 4: 4’-dichlorostilbene (VII), m. p. 172—173° (alone and mixed) (Found: C, 67-5; H, 3-95; Cl, 28-55%), and 
dibenzyl disulphide (VI), m. p. 70—71° (alone and mixed) (Found: C, 68-1; H, 5-8; S, 26-1%). Precisely the same 
decomposition occurred when the xanthate which had previously been distilled at 0-15 mm..was now heated at 16 mm. ; 
hence, there was no evidence of a ‘‘ stable form ”’ being produced by the distillation. 

(B) Action of phenylhydrazine. This was performed precisely as with the previous xanthate. The semi-solid residue 
after evaporation of the alcohol was again extracted with ligroin (b. p. 40—60°). The solid residue afforded colourless 
crystals of O-p-chlorobenzyl-N-phenylamino-thiourethane (IX) (alcohol), m. p. 173° (Found: C, 57-55; H, 4-5; N, 9-65; 
Cl, 12-2; S$; 10-9. C,,H,,ON,CIS requires C, 57-4; H, 4-45; N, 9-6; Cl, 12-1; S, 10-95%). The ligroin extract on 
evaporation left oily benzylthiol, which was similarly identified by oxidation with iodine to dibenzy]l disulphide (Found : 
C, 68:1; H, 5:7%), m. p. 70—71° (alone and mixed). The xanthate (IV) after distillation at 0-15 mm. gave precisely 
the same results with phenylhydrazine. 

S-Benzyl S’-p-Chlorobenzyl Dithiocarbonate (V).—Sodium benzy] sulphide (29-2 g.) was added to a solution of phosgene 
(198 g., 1 mol.) in ether (300 c.c.) at 0°, the mixture vigorously shaken for 30 minutes, sodium p-chlorobenzyl sulphide 
(36-1 g., 1 mol.) then added and the shaking maintained for a further 30 minutes. After removal of the sodium chloride, 
the ether was evaporated under reduced pressure ; the residual solid afforded the dithiocarbonate (V) (ligroin), m. p. 67-5° 
(Found: C, 58-25; H, 4-3; Cl, 11-6; S, 20-6; M, in 1-119% ethylene dibromide solution, 320. C,,H,,OCIS, requires 
C, 58:3; H, 4-25; Cl, 11-5; S, 20-75%; M, 309). The m. p. was considerably depressed by admixture with (II), (IV), 
and (XIX) respectively. 

(A) Effect of heat. 


and t 
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(8-2 g.) and p-methylbenzyl bromide (7-4 g., 1 mol.); needles (ligroin), m. p. 62-5—63° (Found : C, 66-6; H, 5-8; s 
22-25; M, in 1-788% ethylene dibromide, 274. C,,H,,OS, requires C, 66-6; H, 5-6; S, 22-25%; M, 288). 

(A) Effect of heat. (a) At )-1 mm. pressure. The xanthate decomposed and a colourless liquid distilled at 186— 
187°, and partly solidified on cooling. Extraction with cold petrol (b. p. 40—60°), as previously described, left a residue 
of 4: 4’-dimethylstilbene (XII) (alcohol), m. p. 179—180° (alone and mixed) (Found: C, 92-15; H, 7°55. Calc. for 
C,,H,,: C, 92-25; H, 7°75%), whilst evaporation of the petrol extract afforded dibenzyl disulphide (VI) (ligroin), m. p, 
70—71° (alone and mixed) (Found: C, 68-1;. H, 5°85; S, 261%). (b) At 16 mm. pressure. Decomposition occurred 
and an oil distilled at 215—228°; this was again separated into the stilbene (XIII) and the disulphide (VI), each being 
identified by mixed m. p. and analyses. 

(B) Phenylhydvazine. The xanthate (1-6 g.) and phenylhydrazine (0-6 g., 1 mol.) were boiled together in alcohol for 
6 hours. The solution, treated as previously described for the xanthate (II), afforded the thiourethane (VIII), m. D. 
136° (alone and mixed) (Found: C, 65-05; H, 5-5; N, 10-8; S, 12-5%), and p-methylbenzylthiol. The latter was 
identified by oxidation with iodine to 4 : 4’-dimethyldibenzyl disulphide (ligroin), m. p. 64° (alone and mixed) (Found: 
C, 70-1; H, 6-65; S, 23-3. Calc. for C,,H,,S,: C, 70-0; H, 6-6; S, 23-4%). 

O-p-Methylbenzyl S-Benzyl Xanthate (X1).—This xanthate was prepared from sodium p-methylbenzyl xanthate (11 ¢)) 
and benzyl chloride (6-3 g., 1 mol.); needles, which were recrystallised by chilling to ca. — 20° a solution in ligroin (b. p. 
40—60°) previously saturated at room temperature; m. p. 39—39-5° (Found: C, 66-7; H, 5-6; S, 22-2; M, in 1-924% 
ethylene dibromide solution, 280. C,,H,,OS, requires C, 66-6; H, 5-6; S, 22-25%; M, 288). A mixture of this 
xanthate with (X) was liquid at room temperature. 

(A) Effect of heat. (a) At 0-1 mm. pressure. The xanthate distilled without decomposition as a colourless oil, b. p. 
174—178°, which readily crystallised : m. p. 39° (alone and mixed) after one crystallisation from ligroin (Found: (, 
66-65; H, 5-7; S, 22-3%). (b) At 20 mm. pressure. The xanthate decomposed, and the colourless distillate, which 
boiled at 220—233° and rapidly solidified on cooling, was separated as before into 4 : 4’-dimethylstilbene (XIII), m. p. 
179—180° (alone and mixed) (Found: C, 92-1; H, 7:7%) and dibenzyl disulphide (VI), m. p. 70—71° (alone and mixed) 
(Found: C, 68-3; H, 5-8%). The same results were obtained when the xanthate which had been distilled at 0-1 mm, 
was then heated at 20 mm. pressure. 

(B) Phenylhydrazine. A solution of the xanthate (XI) (1-6 g.) and phenylhydrazine (0-6 g., 1 mol.) in alcohol (50 c.c.) 
was refluxed for 6 hours. The product, worked up as previously described, afforded O-p-methylbenzyl-N-phenylamino- 
thiourethane (XIV), colourless crystals (alcohol), m. p. 179° (Found: C, 76-35; H, 4-15; N, 7-3; S, 81. C,,H,,ON,S 
requires C, 76-5; H, 4-1; N, 7-15; S, 8-15%), and benzylthiol, which was identified by oxidation to the disulphide, m. p. 
70—71° (alone and mixed) (Found : C, 68-15; H, 5-75%). Identical results were obtained when a sample of the xanthate 
(XI) which had been distilled at 0-1 mm. was used. 

S-Benzyl S’-p-Methylbenzyl Dithiocarbonate (XII).—This compound was prepared precisely as (V), adding sodium 
benzyl sulphide (36-5 g.) and sodium p-methylbenzyl sulphide (40 g., 1 mol.) in turn to a solution of phosgene (24-7 g, 
1 mol.) in ether (300 c.c.): needles (ligroin), m. p. 65° (Found: C, 66-5; H, 5:5; S, 22-3; M, in 1-23% ethylene 
dibromide solution, 294. C,,H,,OS, requires C, 66-6; H, 5-6; S, 22-25%; M, 288). The m. p. was considerably 
depressed by admixture with (X), (XI), and (X XI) respectively. 

(A) Effect of heat. (a) At 0-2 mm. pressure. The compound decomposed and the distillate, b. p. 189—204°, readily 
solidified on cooling. It was separated into 4 : 4’-dimethylstilbene (XIII), m. p. 179—180° (alone and mixed) (Found: 
C, 92-25; H, 7-75%), and dibenzyl disulphide (VI), m. p. 70—71° (alone and mixed) (Found: C, 68-3; H,5-7%). (bj 
At 17 mm. pressure. Precisely the same results were obtained as in (a) except the distillate now had b. p. 217—231. 

O-p-Chlorobenzyl S-p-Methylbenzyl Xanthate (XV).—This xanthate was prepared from sodium p-chlorobenzy] xanthate 
(4 g.) and p-methylbenzyl bromide (3-1 g., 1 mol.) : needles (ligroin), m. p. 57—58° (Found: C, 59-35; H, 4-6; C, 
10-95; S, 19-65; M, in 1-670% ethylene dibromide solution, 315. C,,H,,OCIS, requires C, 59-5; H, 4-7; Ci, 114; 
S, 19°85%; M, 323). 

(A) Effect of heat. (a) At 0-1 mm. pressure. The xanthate decomposed, and two colourless fractions, b. p. 187— 
191° and 198—201°, were collected; both readily solidified on cooling and were then repeatedly crystallised from alcohol. 
The first thus afforded 4 : 4’-dimethylstilbene (XIII), m. p. 179—180° (alone and mixed) (Found: C, 92-25; H, 7-75%), 
and the second furnished 4 : 4’-dichlorostilbene (VII), m. p. 172-5—173° (alone and mixed) (Found: C, 67-45; H, 40; 
Cl, 286%). (b) At 17 mm. pressure. The two fractions now had b. p. 207—212° and 219—223°, and afforded as before 
HY 3.96%). (XIII), m. p. 179—180° (Found : C, 92-15; H, 7-85%), and (VII), m. p. 172-5—173° (Found: C, 674; 

» zs 5 ©}- 

(B) Phenylhydrazine. Interaction of the xanthate (XV) (1-8 g.) and phenylhydrazine (0-6 g., 1 mol.), as previously 
described, afforded the chloro-thiourethane (IX), m. p. 173° (alone and mixed) (Found: C, 57-5; H, 4:5; N, 9-5; G, 
12-0%), and p-methylbenzylthiol, identified by oxidation to the disulphide (ligroin), m. p. 64° (alone and mixed) (Found: 
C, 70-05; H, 6-65; S, 23-3%). 

O-p-Methylbenzyl S-p-Chlorobenzyl Xanthate (XV1).—This xanthate was prepared from sodium p-methylbenzyl xat- 
thate (5-5 g.) and p-chlorobenzyl chloride (4 g., 1 mol.); needles (ligroin, b. p. 40—60°), m. p. 46-5—47°, depressed by 
admixture with (XV) (Found: C, 59-45; H, 4-65; Cl, 11-15; S, 19-7; M, cryoscopic in 1-793% ethylene dibromide 
solution, 316. C,,H,,OCIS, requires C, 59-5; H, 4:7; Cl, 11-0; S, 19-85%; M, 323). x 

(A) Effect of heat. (a) At 0-15 mm. pressure. Decomposition gave two fractions, m. p. 189—194° and 200—204, 
which, as described above, afforded respectively the stilbenes (XIII), m. p. 179—180° (alone and mixed) (Found: G 
92-3; H, 7-7%) and (VII), m. p. 172-5—173° (alone and mixed) (Found: C, 67-45; H, 4-0; Cl, 286%). (b) At 16 mm. 
pressure. ‘ ‘The two fractions, b. p. 206—210° and 217—222°, again furnished the stilbenes (XIII) and (VII) respectively, 
identified by m. p. and analysis. 

(B) Phenylhydrazine. The reaction of the xanthate (XVI) (1-8 g.) and phenylhydrazine (0-6 g., 1 mol.), as previously 
described, afforded the -methyl-thiourethane (XIV), m. p. 179° (alone and mixed) (Found: C, 76°55; H, 4:1; » 
7-1; S, 82%) and p-chlorobenzylthiol, identified by oxidation to the disulphide (ligroin), m. p. 59° (alone and mixed) 
(Found: C, 53-2; H, 5-9; Cl, 22-4%). g : 

S-p-Chlorobenzyl S’-p-Methylbenzyl Dithiocarbonate (XVII).—This compound was prepared by the addition of sodium 
p-chlorobenzyl sulphide (36-1 g.) and sodium p-methylbenzy! sulphide (32 g., 1 mol.) in turn to a solution of phosgene 
(19-8 g., 1 mol.) in chilled ether (300 c.c.); needles (ligroin), m. p. 73° (Found: C, 59°55; H, 4:75; Cl, 11-1; S, 204; 
M, in 1-397% ethylene dibromide solution, 317. C,H ,0CI8, requires C, 59-5; H, 4:7; Cl, 11-0; S, 19-85%; , 323) 
The m. p. was depressed by acdlmixture with (XV), (XVI), (XIX), and (X XI) respectively. : th 

(A) Effect of heat. The decomposition both at 0-05 mm. and at 19 mm. was precisely similar to that obtained wi 
the xanthates (XV) and (XVI), the stilbenes (XIII) and (VII) being identified in each case by m. p.s and analysis. 

In the following description of benzyl derivatives of class (c), the dithiocarbonates are for convenience described before 
the isomeric xanthates. : i 

SS’-Bis-p-chlorobenzyl Dithiocarbonate (KIX).—p-Chlorobenzylthiol (41-4 g.) was added to sodium ethoxide solution 
prepared from sodium (6 g., 1 atom) and alcohol (300 c.c.), and phosgene then passed through the mixture for + houts 
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The sodium chloride was collected and the alcohol evaporated at reduced pressure. The residual solid furnished the 
dithiocarbonate (XIX) (ligroin), needles, m. p. 78—78-5° (Found: C, 52-35; H, 3-6; Cl, 20-75; S, 18-85; M, in 1-273% 
ethylene dibromide solution, 337. C,,H,,OCI,S, requires C, 52-45; H, 3-5; Cl, 20-65; S, 18-7%; M, 343). 

(A) Effect of heat. (a) At 0-1 mm. pressure. Production of the “‘ stable form.’ The dithiocarbonate distilled without 
decomposition as a colourless oil, b. p. 185—188°, which crystallised on cooling, and then had m. p. 78—78-5°, alone and 
when mixed with the undistilled material (Found: C, 52-5; H, 3-6; Cl, 20-8; S, 18-75%; M, in 1-240% ethylene 
dibromide solution, 340). This distillate was now the ‘‘ stable form” (see below). (b) Atl18mm. pressure. (i) The undis- 
tilled ester. The pure recrystallised but undistilled ester (XIX) on heating decomposed, giving a colourless oily distillate, 
b. p. 220—225°, of 4: 4’-dichlorostilbene (VII) which immediately solidified on cooling, and then had m. p. 171-5— 
172°5°, raised to 172-5—173° by one recrystallisation (alcohol) (Found: C, 67-65; H, 3-9; Cl, 28-35%). 

(ii) The distilled ester (‘‘ stable form’’). The ester which had been distilled as described in (4) now distilled at 18 mm. 
without decomposition, b. p. 220—226°, and readily solidified on cooling, m. p. 78—78-5° (alone and mixed) (Found : 
C, 52°55; H, 3-55; Cl, 20-7; S, 18-8%). 

One sample of the undistilled dithiocarbonate (XIX) was recrystallised four times from alcohol, and another sample 
four times from glacial acetic acid; each sample still retained its original m. p., and when heated at 18 mm. decomposed 
to the stilbene (VII), but when heated at 0-1 mm. distilled without decomposition as the ‘‘ stable form.’’ Neither the 
parent nor the stable form of (XIX) was affected by boiling even with an excess of alcoholic phenylhydrazine. 

O-p-Chlorobenzyl S-p-Chlorobenzyl Xanthate (XVIII).—This xanthate was prepared by the interaction of sodium 
p-chlorobenzyl xanthate (12 g.) and p-chlorobenzyl chloride (8 g., 1 mol.) : needles (ligroin), m. p. 75-5—76°, depressed 
by admixture with (XIX) (Found : C, 52-55; H, 3-65; Cl, 20-55; S, 18:5; M, in 1-569% ethylene dibromide solution, 
343. C,sH,,OCI,S, requires C, 52-45; H, 3-5; Cl, 20-65; S, 18-7%; M, 343). ; 

(A) Effect of heat. (a) At 0-3 mm. pressure. No decomposition was apparent, but a colourless distillate, b. p. 190— 
194°, was obtained which readily crystallised on cooling; these crystals, when washed once with ligroin (b. p. 40—60°) 
were the almost pure dithiocarbonate (XIX); they had m. p. 77—78°, unchanged by admixture with (XIX), but 
depressed to 49—58° by admixture with (XVIII). One crystallisation from petrol gave the pure dithiocarbonate (XIX), 
needles, m. p. 78—78-5° (Found: C, 52-25; H, 3-35; Cl, 20-5; S, 18-75%; M, in 1-340% ethylene dibromide solution, 
351). (b) At 16mm. pressure. The results were identical with those in (a), except that the distillate had b. p. 218—222°; 
the solidified distillate had m. p. 76-5—-78°, unchanged by admixture with (XIX), considerably depressed by admixture 
with (XVIII), and raised to 78-5° by one recrystallisation (ligroin) (Found: C, 52-3; H, 3-4; Cl, 20-6; S, 18-85%). 
The product obtained in both (a) and (b) was the ‘‘ stable form.”’ of (XIX), and was distilled again unchanged at 221— 
226°/19 mm. (Found: C, 52-25; H, 3°35%). > 

(B) Phenylhydrazine. The xanthate (XVIII) (1-6 g.), treated with phenylhydrazine (0-5 g., 1 mol.) under the pre- 
vious conditions afforded the ~-chlorobenzyl-thiourethane (IX), m. p. 173° (alone and mixed) (Found: C, 57-3; H, 
435; N, 9-5; Cl, 12-2; S, 11-05%), and p-chlorobenzylthiol, identified by oxidation to the disulphide, m. p. 59° (alone 
and mixed) (Found: C, 53-2; H, 3-9; Cl, 22-6%). 

SS’-Bis-p-methylbenzyl Dithiocarbonate (XX1).—This compound was prepared precisely similarly to (XIX), using 
p-methylbenzylthiol (42 g.) and sodium (7 g., 1 atom): needles (petrol), m. p. 72—72-5° (Found: C, 67-45; H, 5-9; 
S, 21:3; M, in 1-525% ethylene dibromide solution, 294. C,,H,,OS, requires C, 67-5; H, 6-0; S, 21-2%; M, 302). 

(A) Effect of heat. (a) At 0-15 mm. pressure. The ester distilled without decomposition, b.p. 180—185°, and then 
rapidly crystallised as the ‘‘ stable form,’’ m. p. 72—72-5°, alone and mixed with the parent form (Found: C, 67-65; 
H, 6-1; S, 21:05%; M, in 1-335% ethylene dibromide solution, 294). (b) At20 mm. pressure. (i) The undistilled ester. 
This ester decomposed giving a colourless distillate, b. p. 210—217°, of 4: 4’-dimethylstilbene (XIII), which readily 
solidified, m. p. 176-5—178°, raised to 179—180° by one recrystallisation (alcohol) (Found :, C, 92-3; H, 7-75%). 
(ii) The distilled ester (‘‘ stable form’”’). This form distilled unchanged, b. p. 214—220°, and then readily crystallised, 
m. p. 72—72-5°, alone and mixed with the parent form (Found: C, 67:5; H, 6-05; S, 21-1%). 

One sample of the parent ester (X XI) was again crystallised four times from alcohol, and another four times from 
acetic acid; both samples retained their m. p. unchanged and their identity as the parent form. Both forms of the ester 
were unaffected by boiling phenylhydrazine. 

O-p-Methylbenzyl S-p-Methylbenzyl Xanthate (XX).—This xanthate was prepared from sodium p-methylbenzy] xan- 
thate (11 g.) and p-methylbenzyl bromide (9-2 g., 1 mol.) : needles, m. p. 68-5—69°, depressed on admixture with (X XI) 
(Found: C, 67-35; H, 5-9; S, 21-35; M, in 1-465% ethylene dibromide solution, 308. C,,H,,OS, requires C, 67-5; 
H, 6-0; S, 21:-2%; M, 302). 

(A) Effect of heat. (a) At 0-3 mm. pressure. A colourless distillate, b. p. 186—192°, of the ‘‘ stable form ”’ of (X XI) 
was obtained; this readily crystallised and, after washing with ligroin (b. p. 40—60°), had m. p. 70-5—71-5°, unchanged 
by admixture with (XII) but depressed by (XX) and, after one recrystallisation (ligroin), had m. p. 72—27-5° (alone and 
mixed) (Found: C, 67-35; H, 6-1; S. 21-25%; M, in 1-303% ethylen@dibromide, 301). (b) At17 mm. pressure. The 
colourless distillate now had b. p. 211—219°, but the results were otherwise essentially identical with those in (a). To 
confirm the identity of the ‘‘ stable form ”’ of (X XI) thus obtained it was redistilled, b. p. 210—215°/16 mm.; this second 
distillation left the m. p. unchanged (72—72-5°). 

(B) Phenylhydrazine. The usual treatment with phenylhydrazine furnished the p-methyl-thiourethane (XIV), m. p. 
179° (Found: C, 76-5; H, 4-0; N, 7-25; S, 8-2%) and p-methylbenzylthiol, identified by oxidation as the disulphide, 
m. p. 64° (alone and mixed) (Found: C, 70-1; H, 6-5; S, 23-55%). ‘ 

SS’-Dibenzyl Dithiocarbonate-—This ester was prepared as (XIX), using benzylthiol (52-5 g.) and sodium (10 g., 1 
atom); after distillation of the alcohol, the colourless oily residual ester was apparently pure after remaining several days 
under reduced pressure (Found : C, 65-7; H, 5-2; S, 23-55; M, in 1-393% ethylene dibromide solution, 281. C,,H,,OS, 
Tequires C, 65-65; H, 5-15; S, 23-4%; M, 274). 

(A) Effect of heat. (a) At 0-1 mm. pressure. The ester distilled, b. p. 166—172°, apparently as a ‘‘ stable form ”’ 
(Found: C, 65-45; H, 5-1; S, 23-4%; M, in 1-115% ethylene dibromide solution, 286). (b) At 17 mm. pressure. 
(i) The undistilled ester. The ester decomposed, and a colourless liquid, b. p. 227—234°, distilled and solidified ; washing 
with ligroin afforded dibenzyl disulphide, m. p. 70—71° (alone and mixed) (Found: C, 68-1; H, 5-9; S, 26-1%). (ii) 
The distilled ester (‘‘ stable form”). The form distilled unchanged, b. p. 202—206° (Found : C, 65-6; H, 5-15; S, 23-3%). 

Neither form of the ester reacted with boiling alcoholic phenylhydrazine. 

_ Attempts to prepare O-benzyl S-benzyl xanthate failed. When, for example, a mixture of sodium benzyl xanthate 
(5 g.) and benzyl chloride (3-1 g., 1 mol.) was heated for four hours and the product worked up as for (II) the ethereal 
extract furnished solely dibenzyl disulphide, identified by m. p. and analysis. 

O-Ethyl S-p-Nitrobenzyl Xanthate.—This was readily prepared by the interaction of potassium ethyl xanthate (4 g.) 
and p-nitrobenzyl bromide (5-4 g., 1 mol.) : needles (ligroin), m. p. 63—63-5° (Found : C, 46-55; H, 4°35; N, 5-5; S, 24-9. 
“iotts,O5NSy Tequires C, 46-65; H, 4:3; N, 5-45; S, 24-95%). It distilled undecomposed, b. p. 115—118°/0-05 mm. 


(ci o isomeric xanthate could not be prepared, as the sodium derivative of p-nitrobenzyl alcohol exists as the scarlet 
+) form, 
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The xanthates (II), (IV), (XVIII), and (XX), and the dithiocarbonates (XIX), (XXI), and the SS’-dibenzyi member 
were treated in boiling alcoholic solution with chloramine-T (1, 2, 4 and 6 mols. in each case): no crystalline product 
other than sodium chloride and p-toluenesulphonamide could be isolated, and the ester appeared therefore to be under. 
going extensive disruption. ‘The esters were unaffected by cold aqueous or alcoholic chloramine-T. 

O-Ethyl S-Ethyl Xanthate (“X X11).—This ester was prepared by heating a mixture of potassium ethyl xanthate (80¢.) and 
ethyl bromide (65-4 g., 1-2 mols.) at 50° for 4 hours. The filtered product was dried (sodium sulphate) and fractionally 
distilled under reduced pressure: the xanthate was obtained in almost theoretical amount as a colourless liquid, b. D. 
78°/18 mm. (Found: C, 40-28; H, 7-45. Calc. for C,H,,OS,: C, 39-95; H, 6-7%). 

(A) Phenylhydrazine. A mixture of the xanthate (2-8 g.) and phenylhydrazine (2 g., 1 mol.) in alcohol (50 c.c.) was 
refluxed for 6 hours, and gave a strong odour of ethanethiol; the solution furnished the thiourethane (XXIHEI) (alcohol) 
m. p. 72—24° (Found: C, 55-1; H, 6-1; N, 14-4; S, 16-4. Calc. for C,H,,ON,S; C, 55-05; H, 6-15; N, 14-3; ¢ 
16-35%). 

(B) Chloramine-T. A mixture of the xanthate (2-2 g.) and chloramine-T (16-6 g., 4 mols.) dissolved in water (10 
c.c.) was shaken for 2 hours. The sulphonylimine (XXIV) (5-3 g., 0-9 mol.) which had separated was collected; after 
crystallisation from alcohol it had m. p. 186—187-5° (alone and mixed) (Found: C, 48-0; H, 5-0; N, 7-05; S, 23-85, 
Calc. for C,gHyO,N,S;: C, 47-95; H, 5-05; N, 7-0; S, 240%). Clark, Kenyon, and Phillips (loc. cit.) give m. p. 189°. 

SS’-Diethyl Dithiocarbonate (KX V).—Phosgene was passed for 6 hours through alcohol (500 c.c.) to which sodium 
(11-5 g.) and ethanethiol (31 g., 1 mol.) had previously been added in turn. The alcohol was evaporated and the residue, 
on fractional distillation, gave the ester (XK XV) as a colourless liquid, b. p. 85—87°/19 mm. (Found: C, 40-05; H, 6:6: 
S, 42:5. Calc. for C,H,,OS,:° C, 39-95; H, 6-7; S, 42-7%). It was unaffected by boiling with phenylhydrazine. 
The ester reacted with chloramine-T precisely as the xanthate (XXII) in (B) above: the yields of the sulphonylimine 
(XXIV), using 2, 4, and 8 mols. of chloramine-T were 0-45, 0-9, and 0-9 mols. respectively. No other products, except 
sodium chloride and p-toluene sulphonamide, could be detected. 

O-Methyl S-Methyl Xanthate.—This ester was prepared in almost theoretical yield similarly to (XXII) using potassium 
methyl xanthate (36-5 g.) and methyl iodide (42-6 g., 1 mol.) : colourless liquid, b. p. 65°/20 mm., 89°/64 mm. (Found: 
C, 30:0; H, 4:8. C,H,OS, requires C, 29-5; H, 495%). 

(A) Phenylhydrazine. The reaction of this ester (2-5 g.) with phenylhydrazine afforded O-methyl-N-phenylamino- 
thiourethane in colourless needles (alcohol), m. p. 110—111° (Found: C, 52-9; H, 54; N, 15-1; S, 17-4. C,H,,ON,S 
requires C, 52-7; H, 5:55; N, 15-4; S, 176%). 

(B) Chloramine-T. The ester (2 g.), shaken for 2 hours with a solution of chloramine-T (15-6 g., 4 mols.) in water 
(50 c.c.) deposited methyl p-toluenesulphonimidosulphine-p-toluenesulphonylimine (as XXIV), (4-6 g., 0-9 mol.), m. p. 
186—189°, raised to 190-5—192° by crystallisation from alcohol (Found : C, 46-4; H, 4-6; N, 7-4; S, 24-95. C,;H,,0,N,S, 
requires C, 46-6; H, 4-7; N, 7-25; S, 249%). The use of chloramine-T (2 mols.) gave the same product in the same 

ield. 

. Reaction of Chloramine-T with Thiols and Disulphides.—(A) Benzyl series. (i) Alcoholic solutions of benzylthio 
(XXVI) (2-5 g.) and chloramine-T (2-8 g., 0-5 mol.) were mixed (causing precipitation of sodium chloride), refluxed for 
1 hour, filtered and evaporated to dryness. The solid residue was extracted with hot water to remove p-toluenesulphon- 
amide; the molten insoluble portion, which readily solidified on cooling, consisted solely of dibenzyl disulphide (VI) 
(2-2 g., 0-45 mol.), m. p. 68—69-5°, raised to 70—71° by one recrystallisation (ligroin). The use of chloramine-T (14 ¢, 
2-5 mols.), however, in this experiment afforded benzyl p-toluenesulphonimidosulphine-p-toluenesulphonylimine (X XVII), 
colourless crystals (alcohol), m. p. 171—171-5° (Found: C, 54:8; H, 5-1; N, 62; S, 21-1. C,,H,,0O,N,S, requires (, 
54-5; H, 4:8; N, 6-05; S, 20-8%). (ii) Experiment (i) was repeated, using alcoholic solutions of dibenzyl disulphide 
(V1) (2 g.) and chloramine-T (9-3 g., 4 mols.) ; the product, worked up as before, furnished the di-sulphonamido-compound 
(XXVII) (alcohol), m. p. 171—171-5° (alone and mixed). 

(B) p-Methylbenzyl series. (i) Experiment (A) (i) above was repeated, using ~-methylbenzylthiol (2 g.) and chlor- 

amine-T (2 g.,0-5 mol.); the extracted product was bis-p-methylbenzyl disulphide (as VI) (1-7 g., 0-43 mol.), m. p. 63— 
64-5°, raised to 65° (alone and mixed) by recrystallisation (ligroin). The use of chloramine-T (10-2 g., 2-5 mols.) afforded, 
however, p-methylbenzyl p-toluenesulphonimidosulphine-p-toluenesulphonylimine (as X XVII) (alcohol), m. p. 160° (Found: 
C, 55-2; H, 5-0; N, 6-2; S, 20-2. C,,H,,0,N,S, requires C, 55-4; H, 5-1; N, 5-9; S, 20-2%). (ii) Experiment A (ii) was 
repeated, using alcoholic solutions of bis-p-methylbenzyl disulphide (as VI) (2 g.) and chloramine-T (8-3 g., 4 mols); 
the product, isolated as before, gave the above di-sulphonamido-compound (as X XVII) (alcohol), m. p. 160° (alone and 
mixed). 
oO Methyl series. An authentic sample of dimethyl disulphide, prepared by the iodine oxidation of methanethiol in 
the presence of very dilute sodium hydroxide, was obtained, after fractional distillation, as a colourless liquid, b. p. 117— 
118° (Found: C, 25-4; H, 6-4; S, 68-1. Calc. forC,H,S,: C, 25-5; H, 6-4; S, 68-1%). A mixture of this disulphide 
(1 g.) and a cold aqueous solution of chloramine-T (12-1 g., 4 mols.) was shaken for 2 hours, and the white solid deposited, 
when collected and crystallised (alcohol), afforded methyl p-toluenesulphonimidosulphine-p-toluenesulphonylimine (as 
XXIV), m. p. 191—192° (alone and mixed). 
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177. The Chemistry of Xanthic Acid Derivatives. Part II. The Thermal 
Decomposition of Disulphurdicarbothionic Esters. 
By GERALD BuLMER and FREDERICK G. MANN. 


The dialkyl and various dibenzyl disulphurdicarbothionates,* (RO-CS*S-),, can usually be readily prepared 
by the action of chloramine-T or sodium tetrathionate on the corresponding alkali xanthate, RO-CS‘SNa. The 
diethyl and dimetby] esters distil unchanged when heated at 0-1 mm. pressure, but at ca. 17 mm. pressure undergo 
thermal decomposition to the corresponding xanthate, RO-CS-SR.. The dibenzyl ester, and di-p-methyl and 
di-p-chloro analogues, however, when heated at 0-1 mm. undergo decomposition to the corresponding disulphides, 


* These esters were formerly known as “‘ dixanthides”’: the above systematic name was first used by Cambrot 
and Whitby (Joc. cit.) at the suggestion of the late Editor (Dr. Clarence Smith). Compounds of formula (RO-CS')S 
are named sulphurdicarbothionates (cf. Part III). 
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whilst at 18 mm. or higher pressures they furnish the corresponding stilbenes : the corresponding xanthates are 
apparently never formed. It is shown that the formation of the stilbenes in these reactions is almost certainly 


independent of that of the disulphides, although the latter may also furnish the stilbenes under suitable 
conditions. 


AttHOUGH diethyl disulphurdicarbothionate, (EtO-CS-S:),, and its simple homologues have been known for 
over a century, little precise knowledge is available concerning the behaviour of such compounds on heating. 
Since esters of this type form one of the products of the action of arylsulphonyl] chlorides on metallic xanthates 
and frequently undergo thermal decomposition during the further course of this action (see Part IV), it was 
essential that their behaviour on heating should be separately studied. As a necessary preliminary, methods 
for their preparation have been re-examined. 

Oxidation of alkali salts of the alkylxanthic acids, 2RO-CS‘SK —- (RO-CS‘S:),, forms the standard 
method for the preparation of the dialkyl disulphurdicarbothionates. Zeise (Schw. J., 1822, 36, 36; Berz. J., 
1824, 3, 82; 1837, 16, 306; Ann. Phys., 1835, 35, 489) originally used iodine and also copper sulphate for this 
purpose : more recently Cambron and Whitby (Canad. J. Res., 1930, 2, 144), in an extensive investigation 
of this reaction, have shown that sodium tetrathionate, cyanogen bromide, nitrous acid, chloramine-T, nitrosyl 
chloride and benzenesulphonyl chloride could be used as oxidising agents. Although Cambron and Whitby 
claim that sodium tetrathionate and cyanogen bromide give very pure products, we find that chloramine-T is 
the most convenient ‘oxidising agent for obtaining the pure diethyl, dimethyl, dibenzyl and di-p-methylbenzyl 
esters in high yield; for the preparation of the di-p-chlorobenzyl ester, however, sodium tetrathionate was 
markedly superior to chloramine-T. The use of benzenesulphonyl chloride (see Part IV) is limited to low 
temperatures and is unsatisfactory. 

It should be noted that the above conversion of metallic xanthates to the disulphurdicarbothionic esters 
can be accomplished by electrolysis (Schall, Z. Elektrochem., 1895, 2, 475), and can be reversed by alkali metals 
(Drechsel, Z. Chem., 1865, 583). ; 

Desains (Ann. Chim. Phys., 1847, 20, 507; Amnnalen, 1847, 64, 328) claimed that di-isoamyl disulphurdi- 
catbothionate decomposed on heating to give O-isoamyl S-isoamyl xanthate, and Debus (Amnalen, 1850, 
15, 123) that the diethyl ester similarly decomposed, to furnish O-ethyl S-ethyl xanthate, OO’-diethyl thio- 
carbonate, carbon disulphide and sulphur; the identity of the liquid esters obtained in these and other 
similar early investigations was, however, not decisively proved. At reduced pressure diethyl disulphur- 
dicarbothionate distils unchanged (Boehringer and Sohne, U.S.P., 1,626,558). 

Tschugaeff (Ber., 1899, 32, 3332; J. Russ. Phys. Chem. Soc., 1903, 35, 116) prepared several terpenoid 
esters such as dimenthy] disulphurdicarbothionate and showed, for example, that the latter on heating afforded 
menthene, menthol, carbon disulphide, carbonyl sulphide and sulphur. McAlpine (J., 1932, 912) has investi- 
gated the thermal decomposition of Tschugaeff’s dimenthy] ester and of the corresponding dibornyl ester, when 
heated alone at various pressures, and when dissolved in certain solvents. She confirmed Tschugaeff’s results, 
and showed that the dibornyl ester similarly gave bornylene (with some camphene) and borneol. Both esters 
when heated in ethylene dibromide solution gave some evidence of partial conversion to a “ stable form,” 
differing from the parent form only in thermal stability, and ultimately giving the same decomposition products. 

We find that pure diethyl disulphurdicarbothionate distils unchanged at 0-05 mm. pressure, but at 18 mm., 
decomposes to produce O-ethyl S-ethyl xanthate; the identity of the latter has now been proved by the fact 
that with phenylhydrazine it furnished N-phenylamino-O-ethyl-thiourethane and with chloramine-T it gave 
ethyl -toluenesulphonimidosulphine-p-toluenesulphonylimine (see Part I). The pure dimethyl ester behaved 
precisely similarly when heated under both these conditions. In neither case could we detect as a product of 
thermal decomposition either the dialkyl thiocarbonate, as Debus claimed, or the corresponding alcohol, as 
Tschugaeff and McAlpine found in their terpenoid homologues. , 

Both the above pure diethyl and dimethyl esters, after distillation at 0-05 mm. pressure, decomposed as 
described above when heated subsequently at 18 mm.; no indication of a “ stable form ”’ arising during the 
distillation at the lower pressure, similar to that observed with certain xanthates and dithiocarbonates (see 
Part I), was obtained. 

The effect of heat on dibenzy! disulphurdicarbothionate and its p-substituted analogues is entirely different 
from that on the simple dialkyl esters. The dibenzyl ester itself when heated at 0-1 mm. decomposed to form 
dibenzyl disulphide in 82% yield, but at 19 mm. and at 760 mm. it gave stilbene in 88% and 85% yield respec- 
tively. The di-p-methylbenzy]l ester similarly gave di-p-methylbenzy] disulphide (80%) at the lowest pressure, 
and 4: 4’-dimethylstilbene (84 and 81%) at the intermediate and higher pressures: the di-p-chlorobenzyl 
ester at 0-5 mm. gave, however, a mixture of di-p-chlorobenzyl disulphide and. 4 : 4’-dichlorostilbene, but solely 
the stilbene (84 and 81%) at 19 mm. and 760 mm. The nature of these products proves that the thermal 
decomposition of the disulphurdicarbothionates does not proceed via the intermediate formation of the corres- 
ponding xanthates, which give entirely different products; for example, O-p-methylbenzyl S-p-methylbenzyl 
xanthate and its p-chloro-analogue are converted solely to the corresponding dithiocarbonates when heated 
at either 0-1 or 18 mm. pressure (cf. Part I). 

Since, however, dibenzy] disulphide when heated at atmospheric pressure gives stilbene (Fromm and 
Achert, Ber., 1903, 36, 539), it might appear that the initial stage in the decomposition of the above dibenzyl 
disulphurdicarbothionates is always the formation of the corresponding disulphide, (RCH,-O-CS-S-), —> 
(RCH,'S-), + 2COS, and this disulphide then either distils unchanged at the lowest pressure, or undergoes 
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further decomposition at the higher pressures to the corresponding stilbenes. Evidence on two points, however 


shows that formation of the disulphides and the stilbenes occurs by independent reactions determined by the 


conditions, and the stilbenes are almost certainly direct decomposition products of the esters. First, we fini 
that dibenzyl, di-p-methylbenzyl and di-p-chlorobenzyl disulphides distil unchanged at 18 mm. pressure 


whereas the disulphurdicarbothionates give stilbenes at this pressure. Secondly, Fromm and Achert (loc. cit) 


showed that the formation of stilbene by the thermal decomposition of dibenzyl disulphide at atmospheric 
pressure, was accompanied by that of toluene, 2: 3:4: 5-tetraphenylthiophen, «fy$-tetraphenylbutane ani 
sulphur. We have confirmed that dibenzyl, di-p-methylbenzy] and di-p-chlorobenzy] disulphides when heated 
at atmospheric pressure yield a mixture of products, from which we have isolated the corresponding stilbeneg 
in only ca. 40% yield. On the contrary, the corresponding disulphurdicarbothionates when heated at this 
pressure give a distillate consisting of the almost pure stilbenes in ca. 80% yield; in this decomposition; 
therefore, the intermediate formation of the disulphides could not have occurred. 


EXPERIMENTAL. 


The solvents used for recrystallisation are named in parenthesis after the compounds concerned. The ligroin used 
throughout had b. p. 40—60°. The specified weights of chloramine-T refer to the trihydrate. 

Diethyl Disulphurdicarbothionate.—(A) Preparation. An aqueous solution (250 c.c.) of freshly prepared potassium 
ethyl xanthate (64 g.) was slowly added with vigorous shaking to a cold solution of chloramine-T (43-8 g., 1 mol.) i 
water (250 c.c.), and the mixture then set aside for 2 hours. The colourless crystalline ester which had separated was 
collected and was almost pure; 47 g. (97%), m. p. 31—32-5°, raised to 32—32-5° by one crystallisation (alcohol) (Found: 
C, 29-6; H, 4:0; S, 52-8. Calc. for CgH,,0,S,: C, 29-7; H, 4:15; S, 52-95%). This preparation is based on that o 
Cambron and Whitby (loc. cit.). 

(B) Effect of heat. (i) At 0-05 mm. pressure. The ester distilled without decomposition, b. p. 107—109°, and readily 
crystallised on cooling, m. p. 31-5—32-5° (alone and mixed) (Found: C, 29-8; H, 4:15%). (ii) At 15 mm. pressun, 
The ester decomposed, and a yellow oil, b. p. 78—84°, distilled. This, on fractionation, gave pure colourless O-ethy| 
S-ethyl xanthate, b. p. 81—82°/20 mm. (Found : C, 39-9; H, 6-65; S, 42-8; M, cryoscopic in 1-701% ethylene dibromide 
solution, 154. Calc. for C;H,,0,S,: C, 39-95; H, 6-7; S, 42-7%; M, 150). This xanthate was further identified by the 
action of phenylhydrazine and of chloramine-T (for experimental details, see Part I, p. 674). The former gave N-phenyl- 
amino-O-ethylthiourethane (alcohol), m. p. 72—74° (alone and mixed) (Found: C, 55-15; H, 6-2; N, 14-35; §, 
16-3. Calc. for CgH,ON,S,: C, 55-05; H, 6-15; N, 14.3; S, 16-35%) and ethanthiol; the latter reagent afforded ethyl 
p-toluenesulphonimidosulphine-p-toluenesulphonylimine (alcohol), m. p. 186—187° (alone and mixed) (Found: C, 481; 
H, 5°15; N, 7:15; S, 23-9. Calc. for C,,HO,N,S, : C, 47-95; H, 5-05; N, 7-0; S, 24-0%). 

Dimethyl Disulphurdicarbothionate.—(A) Preparation. This ester was prepared precisely as the diethyl compound 
and was recrystallised by chilling in ice-salt an alcoholic solution previously saturated at room temperature; colourles 
crystals, m. p. 23—23-5° (Found: C, 22-35; H, 2-75; S, 59-7. Calc. for CjH,O,S,: C, 22-3; H, 2-8; S, 59-85%), 
Cambron and Whitby (Joc. cit.) give m. p. 23—23-5°. 

(B) Effect of heat. (i) At-O0-1 mm. pressure. The ester distilled unchanged, b. p. 90—94°, and then had m. p. 23- 
23-5° (alone and mixed). (ii) At 19mm. pressure. The ester decomposed, but the only volatile product that condensed 
was O-methyl S-methyl xanthate, b. p. (on refractionation) 62—63°/19 mm. (Found: C, 29-35; H, 5-3; S, 525 
Calc. for C;sH,OS,: C, 29-5; H, 4-95; S, 52-45%). This was identified by (a) phenylhydrazine, giving methanethiol 
and N-phenylamino-O-methylthiourethane (alcohol), m. p. 110—111° (alone and mixed) (Found: C, 53-0; H, 67. 
Calc. for C,H,,ON,S: C, 52-7; H, 555%), and (b) chloramine-T, giving methyl p-toluenesulphonimidosulphine-p- 
toluenesulphonylimine (alcohol), m. p. 190-5—192° (alone and mixed). 

Unless otherwise stated, the weight of all the following disulphurdicarbothionates used in the thermal decomposition 
experiments was 6 g.: the use of larger quantities would undoubtedly have given higher yields of the distilled product, 
owing to proportionately smaller mechanical losses. 

Dibenzyl Disulphurdicarbothionate-—(A) Preparation. This ester was prepared in 92% yield as for the diethyl 
homologue: colourless needles (alcohol), m. p. 565° (Found : C, 52-45; H, 3-9; S, 34-95. Calc. for C,,H,,0,S,: C, 524; 
H, 3-85; S, 35-0%). 

(B) Effect of heat. (i) At 0-1 mm. pressure. The ester decomposed, giving a colourless distillate, b. p. 182—18% 
which rapidly crystallised and, when washed once with ligroin, afforded dibenzyl disulphide (3-3 g., 82%), m. p. 6% 
70-5° (alone and mixed), raised to 70—71° by one crystallisation (ligroin) (Found: C, 68-3; H, 5-7. Calc. for C,,H,,5;: 
C, 68:2; H, 5-75%). (ii) At 19 mm. pressure. The ester again decomposed, giving a colourless distillate, kh. p. 177- 
182°, which on cooling immediately solidified, m. p. 120—121-5°; on recrystallisation (alcohol), it was identified a 
stilbene (2-6 g., 88%), m. p. 124° (alone and mixed) (Found: C, 93-35; H, 6-7. Calc. for C,,H,,: C, 93-3; H, 6-7%). 
(iii) At atmospheric pressure. Decomposition of the ester again afforded a colourless distillate of stilbene (2-5 g., 85%), 
b. p. 310—314°, which immediately solidified on cooling : m. p. 120—121° (alone and mixed). 

Di-p-methylbenzyl Disulphurdicarbothionate—(A) Preparation. Prepared as the diethyl ester, using solutions d 
sodium p-methylbenzy] xanthate (30 g., 1 mol.) and chloramine-T (38-8 g., 1 mol.), each in water (200c.c.). The mixture 
was set aside in an ice-chest overnight, and the colourless crystals of the di-p-methylbenzyl ester collected (24-5 g., 91%), 
m. p. 71—72° (alcohol) (Found: C, 54:6; H, 4:5; S, 32-7. C,,H,,0,S, requires C, 54-75; H, 4:6; S, 32-5%). ; 

(B) Effect of heat. (i) At 0-1 mm. pressure. The ester decomposed, giving a colourless distillate, b. p. 195—200", 
of di-p-methylbenzyl disulphide, which rapidly crystallised when cooled; m. p. 64—64:5° after washing with chilled 
ligroin, raised to 65° by recrystallisation (ligroin) (Found: C, 70-2; H, 66; S, 23-1. Calc. for C,,H,,S,: ©, 704; 
H, 6-6; S, 23-4%); 3-3 g., 80%. (ii) At 18 mm. pressure. Decomposition furnished a colourless distillate, b. p. 210- 
215°, of 4: 4’-dimethylstilbene, which rapidly crystallised; m. p. 178—179° (alone and mixed): 2-8 g., 87%. (iii) 4! 
atmospheric pressure. The colourless distillate, b. p. 305—308°, of 4 : 4’-dimethylstilbene crystallised immediately 
cooling; m. p. 178—179-5° (alone and mixed), raised to 179—180° by recrystallisation (alcohol) : 2-7 g., 84%. 

Di-p-chlorobenzyl Disulphurdicarbothionate——(A) Preparation. (i) When an aqueous solution (200 c.c.) of sodiu® 
p-chlorobenzyl xanthate (40 g.) was slowly added to a similar solution (250 c.c.) of chloramine-T (47-4 g., 1 mol.) with 
vigorous shaking, and the mixture set aside in an ice-chest overnight; the di-p-chlorobenzyl ester separated as colourles 
crystals contaminated with a pale yellow oil. The collected crystals (24 g., 66%) had m. p. 87—89°, raised to 90:59’ 
by recrystallisation (alcohol) (Found: C, 43-9; H, 2-6; Cl, 16-45; S, 29-7. C,H,,0,Cl,S, requires C, 44:1; H, 2% 
Cl, 16-3; S, 29-45%). (ii) When this preparation was repeated, the aqueous solution (50 c.c.) of the sodium xanthatt 
(24 g.) being now added to an aqueous solution (50 c.c.) of sodium tetrathionate (13-5 g., 0-5 mol.), the crystalline est 
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parated without oily contamination; m. p. 88—90°, raised by recrystallisation to 90-5—91° (alone and mixed) : 


ms g., 83%. 

(B) Effect of heat. (i) At 0-5 mm. pressure. The ester (9 g.) decomposed giving a colourless liquid distillate, b. p, 
98—212°, which, when diluted with chilled ligroin, deposited crystals of 4: 4’-dichlorostilbene (1-5 g., 29%), m. p. 
10—172-5°, raised to 172-5—173° (alone and mixed) by recrystallisation (alcohol). The ligroin extract, evaporated 
p dryness, gave a residue of di-p-chlorobenzyl disulphide (3-2 g., 49%), m. p. 56—58-5° raised to 59° (alone and mixed) 
py recrystallisation (ligroin) (Found: C, 53-15; H, 3-8; S, 20-1. Calc. for C,,H,,Cl,S,: C, 53-3; H, 3-85; S, 20-35%). 
i) At 19 mm. pressure. The ester decomposed and the colourless distillate, b. p, 220—226°, of 4 : 4’-dichlorostilbene 
mmediately solidified on cooling (2-9 g., 84%), m. p. 171—172-5°, raised to 172-5—173° (alone and mixed) by recrystal- 
Cdiisation (alcohol). (iii) At atmospheric pressure. The result was precisely as in (ii), the distillate having b. p. 326—330°, 

ein. p. 171-5—172-5° (alone and mixed) (2-8 g., 81%). 

Dibenzyl Disulphide.—(i) This compound boiled unchanged at 210—216°/18 mm., and the crude distillate after 
wlidification had m. p. 68-5—70° (alone and mixed). (ii) When heated at atmospheric pressure the disulphide (5 g.) 
decomposed giving a distillate which on cooling furnished colourless crystals mixed with a colourless oil. This mixture, 
shen carefully extracted with chilled ligroin, gave a residue of stilbene, m. p. 119—120-5° (alone and mixed): 1-5 g., 

1%. 
‘Di-p-methylbenzyl Disulphide.—(i) This boiled unchanged at 225—232°/18 mm., the crude distillate having m. p. 
464-5° (alone and mixed). (ii) The disulphide (5 g.), heated at atmospheric pressure, behaved precisely as the 
previous disulphide. Extraction of the crude distillate with ligroin gave 4: 4’-dimethylstilbene, m. p. 178—179-5° 
alone and mixed): 1-6 g., 42%. 

Di-p-chlorobenzyl Disulphide.—(i) This had b. p. 234—240°/18 mm., and the crude distillate then had m. p. 58—59° 
jalone and mixed). (ii) The disulphide (5 g.), heated at atmospheric pressure, also behaved precisely as the two previous 
jisulphides. Extraction of the crude semi-solid distillate with ligroin gave a residue of 4: 4’-dichlorostilbene, m. p. 
111—172-5° (alone and mixed): 1-5 g., 38%. 


We gratefully acknowledge grants from the Department of Scientific and Industrial Research and from Imperial 
hemical Industries, Ltd. 


THE UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, 12th July, 1945.) 





178. The Chemistry of Xanthic Acid Derivatives. Part III. The Interaction of | 
Carboxylic Acid Chlorides and Potassium Ethyl Xanthate. 
By GERALD BULMER and FREDERICK G. MANN. 


The few O-ethyl-S-(carboxy)acyl-xanthates previously recorded have been isolated only as unstable liquids. 
It is now shown that p-nitrobenzoy] chloride reacts with potassium ethyl xanthate to form the crystalline O-ethyl 
S-p-nitrobenzoyl xanthate, EtO-CS*S:CO-C,H,NO,, which can be recrystallised unchanged : the p-chlorobenzoyl 
analogue is similar. The thermal decomposition products of each have been investigated. 

O-Ethyl S-benzoyl xanthate is, however, an unstable liquid which undergoes violent thermal decomposition 
affording initially dibenzoyl disulphide and ultimately a mixture of ethyl benzoate, thiobenzoate and dithio- 
benzoate, and 2: 3: 4: 5-tetraphenylthiophen nonasulphide, the properties of which have been studied. 

Xanthates thus obtained from carboxylic acid chlorides are, however, more stable that those from sulphonyl 
chlorides, which apparently undergo spontaneous decomposition on formation (see Part IV). 


Very little knowledge is available concerning the interaction of metallic xanthates and carboxylic acid chlorides. 
Welde (J. pr. chem., 1877, (2), 15, 44) and Willcox (J. Amer. Chem. Soc., 1906, 28, 1031) showed that ethyl chloro- 
formate reacted with potassium ethyl xanthate to form diethyl sulphurdicarbothionate, (EtO-CS-),S; Wheeler 
and Dustin (Amer. Chem. J., 1900, 24, 443) found, however, that this interaction also furnished O-ethyl 
S-ethyl xanthate, OO’-diethyl thiocarbonate, diethyl carbonate, carbon disulphide and carbon dioxide. Willcox 
(loc. cit.) showed that phosgene also reacted with potassium xanthate to form diethyl sulphurdicarbothionate. 
Strictly speaking, however, these reactions are not those of true cagboxylic acid chlorides of type, R-COCI. 

Willcox found that potassium ethyl xanthate reacted with acetyl chloride dissolved in ice-cold ether to 
form the liquid O-ethyl S-acetyl xanthate, EtO-CS-S-COMe, which readily decomposed to ethyl acetate and 
carbon disulphide; when, however, the acetyl chloride was dissolved in only a small quantity of ether at room 
temperature, the chief product was diethyl sulphurdicarbothionate. Richter (Ber., 1916, 49, 1026), using 
chilled carbon disulphide as a solvent, also isolated the acetyl xanthate: he showed that benzoyl chloride 
reacted similarly to form the liquid O-ethyl S-benzoyl xanthate, EtO-CS-S-COPh, which decomposed at 40— 
45° to produce ethyl benzoate and carbon disulphide. Both the acetyl and the benzoyl xanthates were isolated 
only by the low temperature evaporation of their ethereal or carbon disulphide solutions: their instability 
precluded any form of purification. 

We have investigated the reaction of potassium xanthate with benzoyl and certain p-substituted benzoyl 
chlorides. ‘The latter, which give the simplest results, will be described first. 

When dry powdered potassium ethyl xanthate and p-nitrobenzoyl chloride in equimolecular quantities 

ere intimately mixed at room temperature, a reaction occurred with evolution of heat and the formation of 
ethyl S-p-nitrobenzoyl xanthate (I). This crystalline xanthate, m. p. 65°, has comparatively high stability : 


EtO-CO'C,H,-NO, + CS, <— EtO-CSS-CO-C,HyNO, —» HO-CO:C,H,NO, + CS, + C,H, 
(I.) , 
it could be freely recrystallised from boiling ligroin, and distilled with very slight decomposition at 120—123°/0-0 


When heated at 18 mm. it decomposed forming p-nitrobenzoic acid and ethyl p-nitrobenzoate. Although 
ZZ 
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the latter probably arises, accompanied by carbon disulphide, by simple decomposition of the xanthate, the 
mechanism by which the p-nitrobenzoic acid is formed remains uncertain; it is probable that the therma| 
disruption of the xanthate molecule is accompanied by partial dissociation of the ethoxy-group to , 
hydroxyl group and ethylene. The gaseous products of this decomposition at various temperatures warrant 
detailed investigation. When potassium xanthate was added to molten p-nitrobenzoyl chloride at 80°, ethyi 
p-nitrobenzoate and p-nitrobenzoic anhydride were formed. In view of the readiness with which this 
anhydride is formed from the free acid, there is little doubt that at this higher temperature the xanthate (I) was 
again formed, and then underwent the same thermal decomposition as before. : 

Potassium xanthate reacted similarly with cold p-chlorobenzoyl chloride, affording O-ethyl S-p-chlorobenzoy| 
xanthate (as 1), yellow crystals, m. p. 69—69-5°, which also distilled unchanged at 122—125°/0-1 mm. This 
compound when heated at 19 mm. afforded however only p-chlorobenzoic anhydride, and no evidence of the 
formation of the ethyl ester could be obtained; it is probable that this anhydride also arose from the free 
acid and was not a direct product of the thermal decomposition. 

We have confirmed Richter’s observation that potassium xanthate reacts with an ice-cold solution of 
benzoy] chloride in carbon disulphide (or in ether) to form O-ethyl S-benzoyl xanthate, the identity of which we 
have confirmed by both analyses and molecular weight determinations. When this yellow liquid xanthate 
was heated at 18 mm. pressure, it underwent violent decomposition. By stopping the heating at this stage, we 
have isolated from the residue dibenzoyl disulphide, (Ph-CO-S:),. This compound has the same m. p. as that 
synthesised by Engelhardt, Latschinow and Malyschew (Z. Chem., 1868, 4, 358) by treating benzoyl chloride 
with sodium sulphide to form the salt, PhCO-SNa, and oxidising the latter with iodine; this synthesis, and 
the further evidence adduced by Busch and Stern (Ber., 1896, 29, 2150), place the structure of the disulphide 
beyond doubt. By continuing the heating after the above violent decomposition had subsided we obtained a 
crude distillate which on repeated fractionation ultimately afforded ethyl benzoate, ethyl thiobenzoate, ethyl 
dithiobenzoate and the crystalline 2:3: 4: 5-tetraphenylthiophen nonasulphide, CygH9Sj9, (II), the structure 
of which is discussed below. 

When potassium xanthate was added to one molecular proportion of chilled benzoyl chloride in the absence 

of a solvent much heat was evolved and the product, after removal of potassium chloride, afforded a yellowish. 
’ brown oil which apparently consisted mainly of the above xanthate, since, on heating as before, the same five 
products were obtained. 

It is clear that the dibenzoyl disulphide must arise as an initial product of the decomposition of the xanthate. 


2EtO-CS-S‘COPh = (PhCO-S:), + Et,O + CS, CO 


The other initial product of this reaction would presumably be diethyl dithio-oxalate (EtO-CS-),, which would 
decompose under the above conditions; the gaseous products thus formed are unknown, but may be those 
indicated in the above equation. The formation of ethyl benzoate and its mono- and di-thio-derivatives shows, 
however, that the xanthate can decompose by other routes, and it is significant that these esters are identical in 
type with those isolated by Wheeler and Dustin (loc. cit.) by the thermal decomposition of their chloroformate- 
xanthate condensation product. The vigour of the thermal decomposition of our benzoyl xanthate precluded 
accurate temperature control, and the products isolated must represent those formed over a wide range of 
temperature; there is little doubt therefore that the xanthate, in addition to decomposing to dibenzoy] disul- 
phide as indicated above, also decomposes to ethyl benzoate and carbon disulphide (as Richter observed), to 
ethyl thiobenzoate and carbonyl sulphide, and to ethyl dithiobenzoate and carbon dioxide. It is not know 
whether our ethyl thiobenzoate has the structure PhCO-SEt or PhCS-OEt: these liquid isomerides have closely 
similar physical properties and are not readily identified. 

The origin and properties of the compound C,,H,.S,, (II), of m. p. 165-5—166°, are of great interest. The 
compound shows a normal molecular weight in boiling acetone, alcohol and benzene, from all of which 
solvents it can be recrystallised unchanged; it can also be distilled unchanged at reduced pressure, and it is 
unaffected by boiling aqueous potassium permanganate, by boiling alcoholic chloramine-T and by prolonged 
refluxing with methyl iodide. Its existence as a definite chemical compound cannot be doubted. On the other 
hand, it loses nine-tenths of its sulphur, with conversion to 2 : 3: 4 : 5-tetraphenylthiophen (the “‘ thionessal” 

: of the earlier chemists) on treatment with a boiling acetone solution of potassium permal- 
CPh.CPh, ganate, or with cold concentrated aqueous ammonium sulphide, or by repeated crystallisation 
bounces (Il-) from ligroin. The fact that this transformation in ligroin is due to dissociation has beet 

. confirmed by experiments performed in pure 2 : 2: 4-trimethyl-n-pentane : in this boiling 
solvent the molecular weight of the compound (II) indicates considerable dissociation, and again repeated 
recrystallisation furnishes the above thiophen. It is clear from these results that the compound must be 
2:3: 4: 5-tetraphenylthiophen nonasulphide (II), and that it is a compound of high stability except in the 
presence of reagents which can extract the extra-nuclear sulphur. 

It is noteworthy that Fromm and Schmoldt (Ber., 1907, 2863) claimed that the destructive distillation of 
thiobenzoic acid, dibenzoyl monosulphide, or dibenzoyl disulphide yielded “‘ tolan tetrasulphide,’”’ C,,H% 
m. p. 164°, in addition to other products, whilst similar treatment of lead dithiobenzoate produced “ tolal 
disulphide,” C,,H,)S,, m. p. 174—175°; molecular weight determinations in molten naphthalene apparently 
confirmed the molecular formula of the tetrasulphide but not that of the disulphide. These sulphides wert 
assigned heterocyclic structures containing four and two atoms in the ring respectively. Fromm and Klingé 
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the (Annalen, 1912, 394, 342) showed later, however, that both compounds, when treated with aqueous ammonium 
malMcylphide, or when recrystallised from ether or ligroin, yielded 2 : 3 : 4 : 5-tetraphenylthiophen, and consequently 
0 althey questioned the chemical identity of the original polysulphides. In view of our results, however, there is 
‘ant ittle doubt that Fromm and Schmoldt’s sulphides were 2: 3: 4: 5-tetraphenylthiophen heptasulphide and 
isulphide respectively, and were definite compounds analogous in structure to our nonasulphide. (This 
thisMonclusion ignores the molecular weight determinations in naphthalene, but the latter must have given unre- 
Wwa—Miable results with compounds of this type.) Furthermore, we find that pure dibenzoyl disulphide, when 
destructively distilled under reduced pressure, gives a crude distillate which on repeated recrystallisation 
furnishes the nonasulphide (II) ; it is clear therefore that our nonasulphide and Fromm and Schmoldt’s “‘ hepta- 
This @Miculphide ” represent the thermal decomposition products of dibenzoyl disulphide under reduced and atmos- 
the pheric pressure respectively. The nonasulphide (II) is therefore not a direct product of the thermal decom- 
free i osition of the benzoyl ethyl xanthate, but of the dibenzoyl disulphide to which the xanthate gives rise. 

| The ethyl xanthates obtained from carboxylic acid chlorides are thus usually more stable than the analogous 
0 of compounds obtained from sulphonyl chlorides, which apparently undergo spontaneous decomposition on 
1 We Miformation (see Part IV). 


hate EXPERIMENTAL. 

, We 

that The solvents used for recrystallisation are named in parenthesis after the compounds concerned. All molecular 
ride eight determinations, unless otherwise stated, were ebullioscopic, the concentrations recorded being g. solute/100 g. 


solvent. The ligroin used throughout had b. p. 60—80°. 

O-Ethyl S-p-Nitrobenzoyl Xanthate (1).—Dry powdered potassium ethyl xanthate (8 g.) and p-nitrobenzoyl chloride 
hide 9-3 g., 1 mol.) were ground thoroughly together : the mixture became pasty as heat was evolved, but solidified on cooling. 
eda he pulverised product, when extracted with cold water, dried and recrystallised (ligroin), gave the xanthate (I), long 
thy) vellow needles, m. p. 65° (Found: C, 44:3; H, 3-45; N, 5-2; S, 23-6. CyjH,O,NS, requires C, 44:25; H, 3-35; N, 
THY! HES.15; S, 23-65%): 12 g., 89%. 

‘ture The xanthate, heated at 0-01 mm. pressure, boiled with very slight decomposition but the distillate, b. p. 120—123°, 
vas almost pure xanthate, m. p. 64° (alone and mixed) after recrystallisation from ligroin (Found: C, 44-3; H, 3-55; 
ence MES, 23°6%). The xanthate, heated at 18 mm. pressure, decomposed, giving a black charred residue, and a distillate 
i hich on cooling gave a yellow solid mixed with a red liquid. The latter was extracted with cold ligroin, and the yellow 
VISD BRsolid yielded p-nitrobenzoic acid (benzene), m. p. 235—235-5° (alone and mixed) (Found: C, 50-3; H, 3-0; N, 8-4. 
five alc. forC;H,0,N: C, 50-3; H, 3-0; N, 8-4%). The solvent was evaporated from the ligroin extract, and the residual 
oily ethyl p-nitrobenzoate, when chilled in ice-salt, solidified: colourless crystals (alcohol), m. p. 56-5—57° (Found : 

vate. , 55:4; H, 47; N, 7-15. Calc. for C,H,O,N: C, 55-35; H, 4-65; N, 7-2%). 
, Dry powdered potassium xanthate (2 g.) was slowly added with stirring to molten p-nitrobenzoyl chloride (2-3 g. ; 
1 mol.) maintained at 80°, and the mixture heated on the water-bath for 30 minutes. The cold greenish pasty product 
as extracted with cold ether, and the pale yellow solid residue, when washed with water, dried and recrystallised (benzene) 
ould Hivave p-nitrobenzoic anhydride, m. p. 193—193-5° (alone and mixed) (Found :.C, 53-25; H, 2-65; N, 8-9. Calc. for 
those uwH,O,N,: C, 53-15; H, 2-55;.N, 8-85%). The ether extract was evaporated, and the residual oil solidified on cooling : 
10WS, rystallisation (alcohol) gave ethyl p-nitrobenzoate, m. p. 56-5—57° (alone and mixed) (Found: C, 55-5; H, 4-6; N, 


1%). 

0-Ethyl S-p-Chlorobenzoyl Xanthate.—This xanthate was prepared precisely as (I), using potassium xanthate (4-6 g.) 
nate- and p-chlorobenzoyl chloride (5 g., 1 mol.) : yellow needles (ligroin), m. p. 70-5° (Found: C, 45-95; H, 3-6; Cl, 13-5; 
luded HES, 24-7. C,)H,O,CIS, requires C, 46-05; H, 3-5; Cl, 13-6; S, 24-6%) (7 g., 94%). This xanthate underwent slight 
ge of decomposition when heated at 0-1 mm. pressure, but the distillate, b. p. 122—-125°, furnished the pure xanthate (ligroin), 


‘cul m. p. 69—69-5° (alone and mixed) (Found: C, 46-1; H, 3-75; Cl, 13-5%). It decomposed when heated at 19 mm. 
lisul Hibpressure, giving a black charred residue, but the distillate immediately solidified on cooling, and furnished p-chloro- 
d), benzoic anhydride (xylene), m. p. 193—194° (Found: C, 56-9; H, 2-75; Cl, 24-2. Calc. for C,,H,O,Cl,: C, 56-95; 
nown MEH, 2-75; Cl, 24-05%). 
losely O-Ethyl S-Benzoyl Xanthate.—Dry powdered potassium ethyl xanthate (8-8 g.) was added in small amounts toa solution 


of freshly distilled benzoyl chloride (7 g., 0-91 mol.) in ether (300 c.c.), the mixture being vigorously stirred and maintained 
at 0° throughout the addition : it was then shaken for 30 minutes at 0° and finally set aside at room temperature for 6 
The MMhours. The solution, filtered to remove precipitated potassium chidfide and unchanged xanthate, was evaporated 
which nder reduced pressure below 15°, and the residual benzoyl xanthate, a golden yellow oil, when confined in a vacuum 
| it is NeOT Several days, was pure (Found: C, 53-1; H, 4-55; S, 28-5; M, cryoscopic in 1-204% ethylene dibromide solution, 

ed P15. Calc. for CygH,0,S,: C, 53-05; H, 4-45; S, 28:35%; M, 226). The use of carbon disulphide (300 c.c.) as the 
ong solvent gave the same product (Found: C, 53-05; H, 4:5; S, 285%). 

















other When the potassium xanthate (16 g.) was similarly added to chilled benzoyl chloride (14 g., 1 mol.) in the absence 
ssal” Sof a solvent, much heat was evolved, and the temperature rose to ca. 70°. Extraction of the cold yellowish pasty product 
-man- (ath ligroin left a residue of potassium chloride, and the ligroin extract, when evaporated at reduced pressure, gave a 


sation yellow oil which was clearly the above benzoyl xanthate, since on thermal. decomposition it behaved precisely as that 
; prepared in ethereal solution. Experimental data are given only for the decomposition of the first sample of the xanthate, 
but the identity of the five products obtained from each sample (with and without a solvent) was determined by indepen- 
oiling #dent analysis in each ease and thus doubly confirmed. 
eated fi . Lhermal Decomposition.—(i) The xanthate, in small quantities, was cautiously heated at 18 mm. pressure until a 
ist be olent decomposition ensued, when the heating was immediately stopped. The reddish-black residual oil partly solidified 
bn cooling, and was‘then drained on the filter. Repeated recrystallisation of the solid product (alcohol or benzene) 
in the Miafforded colourless needles of dibenzoyl disulphide, m. p. 128° [Found: (a) from benzene, C, 61-4; H, 3-85; S, 23-6. 
b) From alcohol, C, 61:3; H, 3°55; S, 23-25. Calc. for C,,H,,0,S,: C, 61-25; H, 3-7; S, 23-4%]. Engelhardt et al. 
ion of EN0c. cit.) give m. p. 128°, Weigart (Ber., 1903, 36, 1010) gives m. p. 129—130°, and Binz and Marx (Ber., 1907, 40, 3857) 
1,5, Moe’ ™- p. 132°. (ii) After the above violent decomposition had subsided, the product was cautiously distilled at 20 mm. 
“ * HiPressure, and the crude distillate collected in four main fractions having the b. p.s :— (a) 75—115°, (b) 115—150°, 
tolat Hac) 150—180°, (d) 200—220°. Fractions (a), (b), and (c) remained liquid, (d) rapidly solidified on cooling. A considerable 
rently @™Plack tarry residue remained in the flask. , 
5 were Fraction (a). Repeated fractionation afforded ethyl benzoate, b. p. 90—92°/13 mm. (Found: C, 71-9; H, 6-55. 
Jinger alc. for C, 1092: C, 71:95; H, 67%), which was further identified by nitration to ethyl m-nitrobenzoate, colourless 
’ tystals (ligroin), m. p. 42—42-5° (alone and mixed) (Found: C, 55-25; H, 4:75; N, 7°35. Calc. for C,H,O,N: C, 
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55°35; H, 465; N, 720); Fraction (b). Similar fractionation furnished colourless ethyl thiobenzoate, b. p. 13] 
133°/15 mm. (Found: C, 64-9; H, 6-05; S, 19-2. Calc. for C,H,OS: C, 65:0; H, 6-05; S, 193%). Fraction (c) 
Repeated fractionation afforded ethyl dithiobenzoate, a red liquid, b. p. 159—161°/13 mm. (Found: C, 59-25; 
5°55; S, 35-3. Calc, for CyH,9S,: C, 59-25; H, 5:55; S, 35-2%). Hohn and Bloch (J. pr. chem., 1910, 82; 494) gavg 
b. p. 158—162°/13 mm., 165—168°/19 mm. Fraction (d). Repeated crystallisation (alcohol) furnished pale yellowis) 
brown fibrous crystals of 2:3: 4: 5-tetraphenylthiophen nonasulphide (II), m. p. 165°5—166° (Found: C, 49-55; 
3:1; S, 47-35; M, in 0-953% acetone solution, 665; in 0-491%, 0-882% alcoholic solution, 650, 656; in 0-603%, 0-762% 
1:427%, 1:479% benzene solution, 662, 660, 637, 660; in 0-692%, 1-095%, 1-33% 2: 2 : 4-trimethyl-n-pentane solution 
330, 327, 324. Cy, 951. requires C, 49-65; H, 3-0; S, 47-35%; M, 677). Elementary analyses similar to those aboy 
were obtained with several samples. 

Properties of the Nonasulphide (II).—(a) A suspension of the powdered nonasulphide in an excess of aquéous alkaling 
permanganate was refluxed for 4 hours. After removal of the permanganate and manganese dioxide with sulphuron 
acid, the insoluble residue, recrystallised from alcohol, furnished unchanged (II), m. p. 164—164-5° (alone and mixed), 
(b) A solution of (II) (0-2 g.) and chloramine-T (0-9 g., 10 mols.) in alcohol (50 c.c.) was refluxed for 10 hours: the 
filtered solution deposited unchanged (II), m. p. 163-5—164-5° (alone and mixed). (c) A solution of (II) (0-5 g.) in methy) 
iodide (23 g.) was refluxed for 10 hours. After evaporation of the iodide, recrystallisation of the residue (alcohol) afforde 
unchanged (II), m. p. 165° (alone and mixed). (d) Powdered potassium permanganate (16 g. in all) was slowly addej 
to a boiling solution of (IT) (1 g.) in acetone (200 c.c.) until no further oxidation occurred. Filtration and evaporatiy 
of the solution furnished 2:3: 4: ae eg a colourless crystals (ligroin), m. p. 186-5° (Found: C, 86-65; 
H, 5:3; S, 8-05. Calc. for C,H S: C, 86:55; H, 5:2; S, 8-25%). Fromm and Schmoldt (loc. cit.) and Forst (Annaler, 
1875, 178, 376) give m. p. 184°. (e) The finely powdered (II) was shaken with an excess of cold concentrated aqueoy 
ammonium sulphide solution for 8 hours. The collected solid product, washed with water and dried, had m. p. 179- 
181°, unchanged by admixture with the above thiophen : one recrystallisation (ligroin) gave the pure thiophen, m. p, 
184-5—185° (Found: C, 86:45; H, 5:35%). (f) The compound (II), when thrice crystallised (ligroin), furnished th 
pure thiophen, m. p. 185—185-5° (alone and mixed) (Found: C, 85-55; H, 5-2%). (g) The compound (II), thrice 
recrystallised from 2 : 2: 4-trimethyl-n-pentane, also gave the pure thiophen, m. p. 186—186-5° (alone and mixed). 

Thermal Decomposition of Dibenzoyl Disulphide.—The disulphide, prepared by the method of Engelhardt et al. (Joc. cit) 
and recrystallised from alcohol, had m. p. 128°. When heated at 18 mm., considerable decomposition occurred, but the 
pure disulphide, b. p. 155—162°/16 mm., distilled over. When heated, however, under a constant pressure of 48 mm, 
a distillate of b. p. 240—250° was obtained which rapidly and completely solidified, and after repeated recrystallisation 
(alcohol) furnished the nonasulphide (II), m. p. 165-5—166° (alone and mixed) (Found: C, 49-85; H, 3-2; S, 47-1%). 


We are indebted to the Department of Scientific and Industrial Research and Imperial Chemical Industries, Ltd, 
for grants, and to the Anglo-Iranian Oil Co., Ltd., for hydrocarbons. 
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179. The Chemistry of Xanthic Acid Derivatives. Part IV. The Interaction of 


Sulphonyl Chlorides and Potassium Ethyl Xanthate. 


By GERALD BULMER and FREDERICK G. MANN. 


Potassium ethyl xanthate reacts with benzene-, p-toluene- and naphthalene-2-sulphonyl chlorides to form the 
corresponding potassium sulphonate, the disulphone RSO,°SO,R, and diethyl disulphurdicarbothionate, 
(EtO-CS‘S:),. In the reaction with other sulphonyl chlorides, the production of the disulphone may be partly 
or wholly replaced by that of the thiolicsulphonate RSO,°SR, the disulphide RS-SR, or the corresponding 
sulphinic acid. Evidence is adduced that the initial reaction in all cases is the formation of the unstable, highly 
reactive sulphonyl xanthate, EtO-CS°S‘SO,°R: the mechanism by which the above products arise from this 
xanthate is discussed. 

Many alkali xanthates (and hence carbon disulphide itself) can be readily identified by conversion to the 
corresponding palladium xanthates [(RO-CS-S),Pd], which are non-ionic compounds usually having characteristic 
m. p.s. ‘ 


It has been claimed by Richter (Ber., 1916, 49, 1026) that potassium ethyl xanthate reacts with benzene 
sulphony] chloride in carbon disulphide solution to form O-ethyl S-benzenesulphony] xanthate, EtO-CS-S:SO,Ph: 
the identification of this compound, however, rested solely on the analysis of the liquid which remained after 
the removal of the solvent from the filtered reaction solution, for this liquid was too unstable to be distilled 
or otherwise purified. Cambron and Whitby (Canad. J. Res., 1930, 2, 147) have stated, however, that potassium 
xanthate reacts with benzenesulphony] chloride in ethereal solution at — 10° thus : : 


2EtO-CS:SK + PhSO,Cl = (EtO-CS-S-), + PhSO,K + KCI. 


They isolated the diethyl disulphurdicarbothionate in 47-5% yield, but had no experimental evident 
for the formation of the potassium sulphinate or, apparently, of any other product. 
We find that potassium xanthate, when added in equimolecular quantity to benzenesulphony] chloride 
dissolved in either carbon disulphide or ether at 0°, reacted to form potassium benzenesulphonate, diphenyl 
disulphone, PhSO,-SO,Ph, and diethyl disulphurdicarbothionate. The use of two molecular proportions 
of the xanthate gave the same products, half the xanthate remaining unchanged. When potassium xanthatt 
was added to one molecular proportion of benzenesulphonyl chloride without a solvent, a vigorous reacti0l 
with heat evolution occurred in spite of external cooling, and the products were now the potassium sulphonate, 
the disulphone, and O-ethyl S-ethyl xanthate, EtO-CS’SEt; the latter is known, however, to be formed very 
readily by the thermal decomposition of the disulphurdicarbothionate (see Part II, p. 675), and its origin in this 
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xperiment is beyond doubt. Similar results, with one significant addition, have been obtained with p-toluene- 
sulphonyl chloride. Potassium xanthate reacted with one molecular proportion of this chloride, dissolved in 
arbon disulphide or ether, to form potassium p-toluenesulphonate, di-p-tolyl-disulphone, and the disulphurdi- 
arbothionate. "When, however, the xanthate was added to the chilled chloride in the absence of a solvent, the 
jgorous reaction produced the potassium sulphonate, the disulphone, O-ethyl S-ethyl xanthate, and ethyl 
p-toluenesulphonate. 

Two alternative series of reactions, (A) and (B), will account for the above formation of the disulphones and 
pf diethyl disulphurdicarbothionate. Both are based on the initial formation of the unstable and highly 
eactive O-ethyl S-arylsulphonyl xanthate (I),. identical in type with the benzenesulphonyl derivative 


EtO-CS‘SK + R-SO,°Cl = KCl + EtO-CS‘S‘SO,R -——» EtO-SO,R + CS,, 
(I.) 

laimed by Richter (loc. cit.). Although’ we have no direct evidence of this intermediate compound, we 
onsider that the isolation of ethyl p-toluenesulphonate affords strong confirmation of its formation, since 
t could dissociate to give the ethyl sulphonate and carbon disulphide, a reaction precisely parallel to the 
known dissociation of carboxylic xanthates, EtO-CS-S-COR, to ethyl carboxylates and carbon disulphide 
cf. Part III). This direct dissociation of the sulphonyl xanthate must be regarded as exceptional under our 
experimental conditions, however, as we have detected it only in the p-toluene series. 

By mechanism (A) the disulphones and the disulphurdicarbothionate arise by direct dismutation of this 
sulphonyl xanthate: 2EtO-CS-‘S-SO,R = R-SO,°SO,°R + (EtO-CS‘S’),. 

By mechanism (B), however, the sulphonyl xanthate reacts immediately on formation with unchanged 
potassium xanthate to give the potassium sulphinate and the disulphurdicarbothionate (reaction i), and the 
sulphinate then reacts with unchanged sulphonyl chloride to form the disulphone (reaction ii). 


(i) EtO-CS-S‘SO,R + EtO-CS‘SK = RSO,K + (EtO-CS‘S-),. (ii) RSO,Cl + RSO,K = R-SO,-SO,R + KCL. 


There is considerable experimental support for reactions of type (i) and (ii). Otto et al. (Ber., 1876, 9, 
1636; 1878, 11, 2070) showed that sulphonyl chlorides reacted with thiols to give, not the expected thiolic- 
sulphonates, but sulphinic acids and disulphides : RSO,Cl + 2R’SH = RSO,H + R’S-‘SR’ + HCl. Saunders 
(Biochem. J., 1933, 27, 397) showed that the sodium derivatives of thiols gave the same reaction. Gibson, 
Miller and Smiles (J., 1925, 127, 1821) showed that Otto’s reaction, although usually rapid and complete, 
consisted actually of two consecutive reactions (a) and (6), which, formulated for the potassium thiols, were : 
(a) RSO,Cl + R’SK = KCl + RSO,°SR’; (6) RSO,SR’ + R’SK = RSO,K + R’SSR’. They determined 
the conditions under which reaction (a) proceeded but reaction (6) was almost entirely suppressed, so that 
thiolicsulphonates, RSO,*SR’, could actually be prepared from these reagents. Potassium ethyl xanthate is 
also a potassium thiol, and if R’ = EtO-CS-, equation (a) represents the initial formation of our sulphonyl 
xanthate (I), and equation (b) becomes identical with reaction (i) above. Reaction (ii) represents one of the 
standard methods of disulphone formation and has received experimental confirmation (Kohler and 
MacDonald, Amer. Chem. J., 1899, 22, 219; Hinsberg, Ber., 1916, 49, 2593). 

Mechanism B is thus more complex than A, and clearly demands high reactivity of the intermediate sul- 
phonyl xanthate. Nevertheless, although the results obtained with benzene- and p-toluene-sulphony] chlorides 
can be explained by mechanism A, those obtained with other sulphony] chlorides, particularly when (in the 
absence of a solvent) the vigorous reaction caused a marked rise in temperature, afford strong evidence that 
mechanism B may partly or wholly replace mechanism A. The products obtained from these sulphonyl 
chlorides will be described first and the probable mechanism of their formation discussed subsequently. 
Unless otherwise stated, the reaction of these chlorides with potassium xanthate has been investigated only 
in the absence of a solvent, and in such case the O-ethyl S-ethyl xanthate isolated undoubtedly arose as a 
thermal decomposition product of the disulphurdicarbothionate formed in the initial vigorous reactions. 

_ Naphthalene-2-sulphonyl chloride reacted “‘ normally” with potassium xanthate, affording di-2-naphthyl 
disulphone, CyH,*SO,'SO,°C,,H,, potassium naphthalene-2-sulphonate, and O-ethyl S-ethyl xanthate. 
Naphthalene-1-sulphonyl chloride reacted very vigorously, with the formation of naphthalene, naphthalene-1- 
thiol, the potassium sulphonate and O-ethyl S-ethyl xanthate. The reaction of this sulphony] chloride appears 
to be unique, however, since no other chloride investigated afforded a hydrocarbon or a thiol. 

_The reaction of p-chlorobenzenesulphony] chloride with potassium xanthate was of particular interest, as it 
afforded a link between the “‘ normal ”’ sulphonyl chlorides which gave the disulphones, and those which gave 
solely reduction products. This sulphonyl chloride gave the usual vigorous reaction with the xanthate, 
but the product now consisted of potassium p-chlorobenzenesulphonate, di-p-chlorophenyl disulphone 
O-ethyl S-ethyl xanthate and also p-chlorophenyl -chlorobenzene thiolicsulphonate (or di-p-chloro- 
Phenyl sulphide-sulphone), CIC,H,°S‘SO,C,H,Cl. The identity of this compound, which Otto (Amnalen, 
1868, 145, 323) originally prepared by heating p-chlorobenzenesulphinic acid with water at 130—140°, was 
confirmed synthetically by the interaction of p-chlorobenzenesulphonyl iodide and silver p-chlorophenyl sulphide 
(cf. Gibson, Miller, and Smiles, Joc. cit.) : CIC,H,’SO,I + CIC,HySAg —> CIC,H,’SO,"S°C,H,Cl. No other 
sulphonyl chloride investigated gave both the disulphone and the thiolsulphonate. 

_p-Nitrobenzenesulphonyl chloride reacted with potassium xanthate to form both p-nitrobenzenesulphonic 
acid and its potassium salt, O-ethyl S-ethyl xanthate, and p-nitrophenyl p-nitrobenzene thiolicsulphonate, 
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NO,C,H,°SO,°SC,H,NO, : the last compound had the same m. p. as that synthesised by Zincke and Lenharg 
(Annalen, 1913, 400, 15) by the interaction of silver p-nitrobenzenesulphinate, NO,*C,H,°SO,Ag, and p-nitn 
phenyl chlorosulphide, NO,*C,H,*SCl. The production of the free acid in this and (subsequent) experiment 
is noteworthy. 

p-Acetamidobenzenesulphonyl chloride reacted only sluggishly with potassium xanthate, produciy 
p-acetamidophenyl p-acetamidobenzene thiolicsulphonate, ACNH’C,H,°SO,°S‘C,H,-NHAc. This compound wy 
identified (a) by alkaline hydrolysis, which furnished p-aminobenzenesulphinic acid and di-p-acetamidophem 
disulphide, a reaction which is discussed later; (b) synthetically, by the interaction of p-acetamidobenzem 
sulphonyl iodide, ACNH-C,H,:SO,I, and silver p-acetamidopheny] sulphide, ACNH-C,H,*SAg. The producti 
of this thiolicsulphonate was undoubtedly accompanied by that of p-acetamidobenzenesulphonic acid or it 
potassium salt; these were not isolated, but cold aqueous extraction of the crude product furnished sulphanilj 
acid, to which the free acetamido-acid and its salts are known to be very readily hydrolysed. [It is significay) 
that Hinsberg (Ber., 1906, 39, 2430) claimed to have isolated di-p-acetamidophenyl disulphoxié 
AcNHC,H,°SO-’SO-C,H,NHAc, in two distinct forms. Although in the past there has been much confusig 
between disulphoxides and the isomeric thiolicsulphonates, Hinsberg’s two compounds are quite distinct from 
our authentic thiolicsulphonate, and are apparently the true disulphoxides, representing possibly the dl- an 
the meso-forms of this compound.] 

A nitro-group, present in the meta position to the sulphonyl chloride group, appears to influence the reaction 
profoundly. m-Nitrobenzenesulphonyl chloride reacted very vigorously with potassium xanthate, forming 
m-nitrobenzenesulphonic acid, its potassium salt, and O-ethyl S-ethyl xanthate : no indication of the formatic 
of any compounds of the disulphone or thiolicsulphonate type could be detected. 4-Nitrotoluene-2-sulphony 

CH chloride also reacted vigorously, but produced 4-nitrotoluene-2-sulphinic acid (II) in addition 





























“ to potassium 4-nitrotoluenesulphonate and the ethyl xanthate. Since this was the only sulphonyl _A) 
0-OH chloride which furnished a free sulphinic acid, the initial reaction was investigated in a solvent 
at low temperature. The only products isolated, however, by the interaction of potassium 
N yr xanthate (1 or 2 molecular proportions) and the sulphonyl chloride in carbon disulphide or ethered 


solution at 0° were the above potassium sulphonate and diethyl disulphurdicarbothionate. Itis 
clear, therefore, that the sulphinic acid (II) must arise only in supplementary reactions occurring at higher 
temperatures in the absence of a solvent. 

Aliphatic sulphonyl chlorides appeared to react quite differently from the aromatic analogues. For 
example, methanesulphonyl] chloride reacted with potassium methyl xanthate to form potassium methane 
sulphonate, dimethyl] disulphide and dimethy] disulphurdicarbothionate (identified as its decomposition product, 
O-ethyl S-methyl xanthate); ethanesulphonyl chloride reacted similarly with potassium ethyl xanthate to 
produce potassium ethanesulphonate, carbon disulphide, diethyl disulphide, diethyl disulphurdicarbothionate 
and O-ethyl S-ethyl xanthate. This formation of a disulphide was never observed in the reactions of the 
uromatic sulphonyl chlorides. 

The above production of sulphinic acid derivatives, of thiolicsulphonates and of disulphides cannot bk 
satisfactorily explained by Mechanism A; these compounds are, however, those whose formation might be 
anticipated as the result of side-reactions occurring during the course of Mechanism B. It is known that many 
aromatic sulphinic acids decompose at room temperature, even in the absence of air, to form the corresponding 
sulphonic acids and thiolicsulphonates, a reaction which is accelerated by hydrogen chloride (Pauly and Otto, 
Ber, 1877, 10, 2182; 1878, 11, 2070). Salts of sulphinic acids give the same reaction: thus Halssig (/. pr. 
Chem., 1897, 56, 213) has shown that ammonium #-toluenesulphinate in hot benzene decomposes thus: 
3C,H,-SO,‘NH, = C,H,"SO,NH, + C;H,SO,’SC,H, + 2NH,+H,O. It is clear therefore that in the 
course of Mechanism B, the occurrence of reaction (i) might be followed by other reactions which would compett 
with (and in favourable circumstances completely replace) reaction (ii). Thus the potassium sulphinate formed 
in (i) might undergo the normal decomposition to sulphonate and thiolsulphonate shown in reaction (iii), pr 
vided other reagents were available to react immediately with the potassium oxide formed. Clearly any 
unchanged sulphonyl chloride would then react with the oxide to give the potassium sulphonate and chlorite 
(reaction iv). Furthermore, the thiolicsulphonate esters are known to undergo very ready alkalise 


(iii) 3RSO,K = RSO,K + RSO,SR + KO,. | 
(iv) RSO,Cl + K,O = RSO,K + KCl. (v) 3RSO,SR + 2K,0 = 4RSO,K + RSSR (404 


hydrolysis to alkali sulphinates and the organic disulphides (Pauly and Otto, Ber., 1877, 10, 2181; 1878, 
' 11, 2073; Otto and Réssing, Ber., 1886, 19, 1235), and a precisely similar reaction (v) might well occur betwee 
the potassium oxide and the thiolicsulphonate formed in reaction- (iii). It must be emphasised that the Jj chil 
occurrence of reaction (iii) as an independent process is not claimed : it is suggested solely that reaction (i) 
might occur in strict conjunction with one or both of reactions (iv) and (v). ben 
We consider that reactions (ii), (iii), (iv), and (v), following reaction (i) and mutually competing to an extett HM resi 
determined by the individual sulphony] chloride and the local conditions employed, furnish the most probable H, 
explanation of our main results. Thus in the p-chlorobenzene series, reactions (ii) and (iii) occur simultancously, 
and the disulphone and thiolicsulphonate are thus both formed: in the p-nitrobenzene series, reaction (i!) HMM 1, 
apparently completely displaces reaction (ii), and the thiolicsulphonate is therefore formed to the exclusion of 
the disulphone. Furthermore, although comparatively little is known of the properties of aliphatic sulphi i p-t 
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ncids and thiolicsulphonates, these compounds are much less stable than their aromatic analogues; therefore in 
he methyl and ethyl series, it would be expected that reactions (iii) and (v) would occur particularly readily 
pnd, since the potassium sulphinate formed in reaction (v) would continue this cycle of reactions, the disulphide 
plone would ultimately remain—a deduction precisely in accordance with experimental facts. The reactions 
pf the aliphatic sulphony] chlorides do actually, therefore, fall into line with those of their aromatic analogues. 

Certain difficulties still remain. It will be seen that although the reactions constituting Mechanism B 
eadily explain the consistent formation of the potassium sulphonates in all our experiments, yet these potas- 
sium salts can only be formed in conjunction with the thiolicsulphonates, or, if the latter undergo complete 
hydrolysis, with the disulphides. Yet with benzene-, p-toluene- and naphthalene-2-sulphonyl chlorides, where 
{echanisms A and B may have occurred simultaneously, and with the m-nitrobenzenesulphonyl chloride, 
where there was no evidence of Mechanism A, the production of the thiolicsulphonates or disulphides could not 

edetected. There is some evidence that m-nitrobenzenesulphonyl chloride shows other abnormal reactions 
Limpricht, Annalen, 1894, 278, 239), but the difficulty concerning the previous three sulphonyl chlorides 
emains. 

The production of naphthalene during the reaction of naphthalene-1l-sulphonyl chloride and potassium 
xanthate has probably, however, no particular significance, as naphthalene-1-sulphonic acid and its derivatives 
pre known readily to furnish the hydrocarbon in several reactions (cf, Kimberly, Annalen, 1860, 114, 133; 
Merz, Z. fur. Chem., 1868, 399; Friedlander and Lucht, Ber., 1893, 26, 3020). 

It is noteworthy that our preparation of the «-disulphones by the xanthate reaction forms the fifth known 

ethod of preparation, the previous methods being (a) by the interaction of sulphonyl chlorides and metallic 
sulphinates (Kohler and MacDonald, loc. cit.), (b) by the permanganate oxidation of sulphinic acids (Hilditch, 

., 1908, 98, 1524), (c) by the hydrogen peroxide oxidation of thiolicsulphonates (Gilman, Smith and Parker, 

. Amer. Chem. Soc., 1925, 47, 851), and (d) by the action of alkali metals on sulphonyl chlorides (Pearl, Evans, 
and Dehn, ibid., 1938, 60, 2478). 

In the course of this work we have had occasion to identify small quantities of carbon disulphide. For . 
his purpose, the latter has been converted to potassium ethyl xanthate, which has then been added in approxi- 
mately correct proportions to an aqueous solution of potassium chloropalladite, K,[PdCl,]. The precipitated 

S Ss palladium bisethylxanthate forms orange-red crystals, m. p. 152°, soluble in many 
E0CZ Spa¥ Nc-ort organic solvents. It is therefore a derivative of 4-covalent palladium of formal 
\e Se structure (III), although it would clearly exist as a resonance hydrid. Other 
(I11.) xanthates give similar palladium derivatives of characteristic m. p., and these 
compounds can be used therefore for the rapid identification of carbon disulphide or (more usefully) the 
alkali salts of many xanthic acids. 


EXPERIMENTAL. 


The solvents used for recrystallisation are named in parenthesis after the compounds concerned. In addition to the 
analytical data quoted, the identity of every sample of O-ethyl S-ethyl xanthate isolated was further confirmed by 
conversion through the action of phenylhydrazine to O-ethyl-N-phenylamino-thiourethane. All the various potassium 
sulphonates isolated by aqueous extraction were necessarily initially contaminated with potassium chloride, which was 
eliminated by the subsequent alcoholic recrystallisation. 

Benzenesulphonyl Chloride.—(i) Dry powdered potassium ethyl xanthate (8-8 g.) was slowly added to a solution of 
freshly distilled benzenesulphonyl chloride (8-8 g., 0-91 mol.) in dry ether (400 c.c.) which'was maintained at 0° and 
continuously shaken. The complete mixture was then shaken at 0° for a further 30 minutes, and finally set aside at room 
temperature for 6 hours. Filtration now gave a colourless solid, which when extracted with cold water left a small 
insoluble residue of diphenyldisulphone (alcohol), m. p. 192-5° (alone and mixed) (Found: C, 51-1; H, 3-4; S, 22-6. 
Calc. for C,H 90,S,; C, 51-0; H, 3°55; S, 227%). Hilditch (loc. cit.) gives m. p. 193—194°. The aqueous extract 
was evaporated to dryness, and repeated recrystallisation of the residue (alcohol) eliminated both potassium chloride 
and unchanged xanthate, furnishing potassium benzenesulphonates(Found: C, 36-8; H, 2-7; S, 16-5. Calc. for 
C,H,O,SK : C, 36-7; H, 2-55; S, 16-35%). 

_ Evaporation of the ethereal filtrate at room temperature gave a yellow oil from which a small second crop of the 
disulphone separated. This was collected, m. p. 192—192-5° (alone and mixed), and the filtrate, when confined in a vacuum, 
slowly deposited crystals of diethyl disulphurdicarbothidnate; these, when collected and washed with alcohol, were pure, 
m. p. 31—32° (alone and mixed), raised to 31-5—32-5° by recrystallisation (alcohol) (Found: C, 29-6; H, 4-05; S, 
52-9. Calc. for CgH1,90,S,: C, 29-7; H, 4-15; S, 52-95%). The filtrate gave no further crystals but, on distillation at 
0-1 mm. pooraae, gave solely a second crop of the thionate, b. p. 115—121°, which rapidly solidified on cooling, and when 
once washed with chilled ligroin had m. p. 31-5—32° (alone and mixed) (Found: C, 29-65; H, 4:1; S, 530%). ‘ 

The same products were obtained when the ether in the above experiment was replaced by carbon disulphide 
(400 c.c.), and when the experiment was repeated in each solvent using only half of the above benzenesulphony] chloride. 
The products in all experiments were identified by analysis and/or mixed m. p. determinations. No evidence for the 
existence of a sulphonyl-xanthate of type (I) could be detected at any stage in these experiments. 

(li) The potassium xanthate (8 g.) was now added rapidly to vigorously stirred benzenesulphonyl chloride (8-8 g.) 
chilled in ice-water, no solvent being used. A reaction rapidly occurred, with the evolution of heat and of malodorous 
fumes. The grey pasty product when cold was extracted with cold ether and then with boiling benzene. The final 
colourless residue which contained potassium chloride, after repeated crystallisation (alcohol) furnished potassium 
benzenesulphonate (Found: C, 36-9; H, 2-75; S, 16-55%). The benzene extract was evaporated to dryness and the 
ee after recrystallisation (alcohol), gave diphenyl disulphone m. p. 193° (alone and mixed) (Found: C, 51-15; 
de 3-45; S, 22-8%). The ethereal extract was evaporated at reduced pressure, giving a yellow oil which on cooling 
Nee a small second crop of the disulphone which, when collected and crystallised (benzene, alcohol), had m. p. 

93° (alone and mixed). The oily filtrate from this crop when fractionated at 13 mm. gave solely O-ethyl S-ethyl xan- 

/13 mm. (Found : C, 40-05; H, 6-55; S, 42-65. Calc. for C,H,,OS,: C, 39-95; H, 6-7; S, 42-7%)._ 
ide.—(i) Potassium xanthate (9-6 g.) was slowly added to a solution of freshly recrystallised 
0-4 g., 0-91 mol.) in dry ether (350 c.c.), which was chilled in ice-water and vigorously 
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shaken meanwhile. Filtration gave a colourless solid which was extracted with cold water. The residue furnishe 
di-p-tolyl disulphone (alcohol), m. p. 223-5°, with incipient decomp. at 220° (Found: C, 54-2; H, 4-75; S, 20-75. Cale, 
for C,,H,,0O,S,: C, 54-15; H, 4-55; S, 20-65%); the aqueous extract on evaporation gave a mixed residue from which 
crystallisation (alcohol) ultimately gave potassium p-toluenesulphonate (Found : C, 40-0; H, 3-45; S, 15°35. Calc. for 
C,H,O,SK : C, 39-95; H, 3-35; S, 15-25%). Hilditch (loc. cit.) gives m. p. 221° (decomp.), and Kohler and MacDonalj 
(loc. cit.) give m. p. 212° (decomp.) for the disulphone : the m. p. is however markedly affected by the rate of heating. 

The ethereal filtrate, on evaporation at reduced pressure below 15°, gave a colourless oil from which a small crop oj 
the disulphone separated; this was collected and crystallised (alcohol), m. p. 223° with incipient decomp. at 219° (Found: 
C, 54:15; H, 455%). The oily filtrate, after prolonged confinement in a vacuum, gave an initial crop of diethyl disu. 
phurdicarbothionate, m. p. 31—32° (Found : C, 29-6; H, 40%), and the residue, on distillation at 0-1 mm. gave a secon¢ 
crop, b. p. 114—120°, m. p. 31-5—32° (mixed and unmixed) (Found: C, 29-8; H, 4-0; S, 53-05%). 

The same results were obtained in carbon disulphide (350 c.c.), and when half the above sulphony] chloride was use 
in each solvent. 

(ii) When potassium xanthate (6 g.) and powdered #-toluenesulphony] chloride were rapidly and thoroughly mixed, 
a vigorous reaction occurred with evolution of heat and gaseous products having a foul odour. The product when coli 
was extracted first with ether and then with cold water. The insoluble residue on crystallisation (alcohol) furnished 
the disulphone, m. p. as above (Found: C, 54:2; H, 46%). The aqueous extract was evaporated; and the residue, 
after repeated crystallisation (alcohol), afforded potassium p-toluenesulphonate (Found : C, 39-9; H, 3-45; S, 15-4%). 
The ethereal extract was evaporated and the oily residue, on fractional distillation, gave ultimately two pure fractions 
(a) O-ethyl S-ethyl xanthate, b. p. 77—78°/14 mm. (Found : C, 40-15; H, 6-6; S, 42-75%), (b) ethyl p-toluenesulphonate, 
b. p. 125—128°/0-15 mm., m. p. 31-5—32° alone and mixed, after crystallisation (ligroin) (Found: C, 53-9; H, 6:25; 
S, 15-95. Calc. for C,H,,0,S: C, 53-95; H, 6-05; S, 16-0%). 

Naphthalene-2-sulphonyl Chloride.—An intimate powdered mixture of the sulphonyl chloride (9 g.) and potassium 

xanthate (6-4 g., 1 mol.) was heated with stirring at 100°; when the usual vigorous reaction, which rapidly occurred, 
had subsided the product was heated for 1 hour at 100°, and then cooled and extracted with ether and then with col 
water. The insoluble residue from these extractions consisted of di-2-naphthyldisulphone still contaminated with potas. 
sium naphthalene-2-sulphonate; the disulphone, best purified by crystallisation in turn from acetic acid and from 
alcohol with intermediate washing with boiling water, formed colourless crystals, m. p. 218° (decomp.) when rapdily 
heated (Found : C, 63-0; H, 3-9; S, 16-6; M, ebullioscopic in 0-609, 0-901, and 1-221% benzene solution, 407, 405, 402. 
CyH,,0,S, requires C, 62-8; H, 3-7; S, 16-8%; M, 382). 
‘ The ethereal extract was evaporated, and the residue fractionally distilled; only O-ethyl S-ethyl xanthate, b. p. 
78—79°/16 mm., was obtained (Found: C, 39-8; H, 6-65; S, 42-6%). The aqueous extract was evaporated to dryness, 
and the residue, twice crystallised (alcohol), furnished potassium naphthalene-2-sulphonate (Found: C, 48-8; H, 
3°05; S, 13-15. Calc. for C,jH,O,SK : C, 48-75; H, 2-85;S, 13-0%). 

Naphthalene-1-sulphonyl Chloride.—When the finely powdered chloride (8-5 g.) and the xanthate (6 g., 1 mol.) wer 
rapidly mixed, an immediate and very vigorous reaction occurred; the pasty product was stirred until the reaction wa 
complete and then, when cold, extracted with ether. The residue, repeatedly recrystallised (alcohol), furnished potas. 
—— eee (Found: C, 48-55; H, 3-05; S, 13-2. Calc. for CyH,O,SK: C, 48-75; H, 2-85; §, 

o)- 

The ethereal extract was evaporated, and the residual oil, when distilled at-18 mm., gave 3 crude fractions: (a) b.p. 
60—85°, (b) b. p. 85—100°, (c) b. p. 100—150°, and a black tarry residue. Fraction (a), refractionated, gave O-ethyl 
S-ethyl xanthate, b. p. 73—80°/17 mm. (Found: C, 40-15; H, 6-95; S,42-8%). Fraction (b) readily solidified on cooling 
and, recrystallised (alcohol), afforded naphthalene, m. p. 80—80-5° (alone and mixed) (Found: C,-93-85; H, 6-3. Calc. 
for C,H,: C, 93-7; H, 63%). Fraction (c), refractionated, gave naphthyl-1-thiol, b. p. 143—147°/14 mm. (Found: 
C, 748; H, 5-2; S, 20:2. Calc. for C,H,S: C, 74:95; H, 5-05; S, 200%). The identity of this thiol was confirmed 
by two methods. (i) A portion was gently warmed with concentrated nitric acid for 10 minutes, and the mixture then 
cooled and diluted with water. The precipitated yellow solid, recrystallised (benzene), gave 4 : 4’-dinitro-1 : 1’-dinaphthyl 
disulphide, m. p. 193-5° (Found: C, 59-0; H, 3-05; N, 6°85; S, 15-95. Calc. for Cy4gH,,O,N,S,: C, 58-8; H, 2-9; 
N, 6°85; S, 15°7%). The m. p. was unaffected by admixture with a sample prepared by Hodgson and Leigh’s method 
(J., 1937, 1352) and kindly supplied by Dr. H. H. Hodgson. (ii) An alcoholic solution of another portion, when oxidised 
with iodine (1 atom) furnished 1 : 1’-dinaphthyl disulphide (alcohol), m. p. 88-5—89° (Found: C, 75-45; H, 4-5; § 
200. Calc. for C,,.H,,S,: C, 75-4; H, 4:45; S, 20-15%). This disulphide, when gently warmed with nitric acid, gave 
toon dinitro-disulphide (benzene), m. p. 192—192-5° (alone and mixed) (Found: C, 58-75; H, 3-1; N, 6-9; § 

60%). 

p-Chlorobenzenesulphonyl Chloride.—A mixture of the chloride (21 g.) and the xanthate (16 g., 1 mol.) when grouné 
together, gave a vigorous reaction. The cold product was pn | with ether and then with water. The Tesidut 
when recrystallised (benzene) gave colourless crystals of di-p-chlorophenyl disulphone. m. p. 214° (Found : C, 41:3; 
H, 2-25; Cl, 19°85; S, 18-05. EH,0,Cl S, requires C, 41-0; Fi 2-3; Cl, 20-2; S, 18-25%). Evaporation of the solvent 
from the ethereal extract left a mixture of a yellow oil and colourjess crystals. The latter, when collected and repeatedly 
crystallised (alcohol), gave p-chlorophenyl -chlorobenzenethiolicsulphonate, m. p. 187—138° (Found: C, 45°35; H, 
2-8; Cl, 22:1; S, 20-2. Calc. for C,,H,O,C1,S,: C, 45-1; H, 2-5; Cl, 22-2; S, 20-1%); Otto (loc. cit.) gives m.p. 
136—138°. The yellow oil, on fractional distillation, gave solely O-ethy] S-ethyl xanthate, b. p. 73—79°/19 mm. (F ound: 
C, 40-1; H, 69; S, 426%). The residue from evaporation of the aqueous extract, repeatedly crystallised (alcohol), 

ave colourless crystals of potassium p-chlorobenzenesulphonate (Found: C, 31-0; H, 1-5; Cl, 15-35; S, 140. Cale. 
or C,H,O,CISK: C, 31-2; H, 1:4; Cl, 15-4; S, 13-99%). Tgele ‘ 

Synthesis of p-Chlorophenyl p-Chlorobenzenethiolicsulphonate.—(a) p-Chlorobenzenesulphonyl iodide. A mixture ¢ 
er gente Mn chloride (17-9 g.), ether (75 c.c.), water (1—2 c.c.) and zinc dust (15 g.) was refluxed for 

ours. The precipitated zinc sulphinate was collected, washed with water, and heated with a solution of anhydrous 
sodium carbonate (15 g.) in water (75 c.c.) for 1 hour, filtered and cooled, To the solution of the sodium sulphinatt 
obtained, an alcoholic solution of iodine (67:2 g.) was slowly added with stirring. The crystalline sulphonyl iodide which 
eerste was collected, washed, dried and recrystallised (petrol): m. p. 74—75° (Found: C, 23-65; H, 1-25; S, 104. 
C,H,O,CIIS requires C, 23-8; H, 1-35; S, 106%). These preparations of the sodium sulphinate and the sulphony 
fodide are b rd ve the methods of Ullmann and Pasdermadjian (Ber., 1901, $4, 1151) and Otto and Troger (Ber., 1891, 
respectively. , 
(b) Silver rag pe sulphide. The preparation of the thiol was adapted from Decker and Fellenberg’s method 
Annalen, 1907, 356, 326), a mixture of the sulphony! chloride (11-3 g.), iron filings (74 g.) and acetic acid (30 g.) bei 
eated at 100° whilst 15% aqueous hydrochloric acid (100 c.c.) was slowly added. After 5 hours’ heating, the mixtur 
was distilled in steam, and the thiol, which crystallised in the distillate, was collected and recrystallised (alcohol) : ™.P 
53-5—54°. Otto (Annalen, 1867, 148, 109), using zinc for this reduction, records m. p. 53—54°. An alcoholic — 
of silver nitrate (3-4 g.) was added to one of the thiol (2-9 g., 1 mol.) containing also sodium acetate (1-6 g., 1 mo! 
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The _— silver ~-chlorophenyl sulphide was collected, washed, and thoroughly dried (cf. Gibson and Smiles, 
loc. ctt.). 

(c) The thiolicsulphonate. The silver sulphide (2-5 g., 1-1 mol.) was slowly added to a vigorously shaken solution of 
the sulphony] iodide (3 g., 1 mol.) in dry ether. After 30 minutes’ shaking, the silver iodide was collected and the filtrate 
treated with aqueous sodium carbonate and sulphite to remove free iodine. The ether was removed under reduced 

ressure, and the residue, thrice recrystallised (alcohol), furnished the pure thiolicsulphonate, m. p. 137—138°, unchanged 
y admixture with that obtained from the xanthate reaction (Found: C, 45-0; H, 2-8; Cl, 22-1; S, 20-05%). 

p-Nitrobenzenesulphonyl Chloride.—The powdered sulphony] chloride (22-2 g.) and potassium xanthate (16 g., 1 mol.), 
when ground together, gave the usual vigorous reaction. The cold pulverised product was extracted in turn with ether 
and cold water. The insoluble residue, thrice recrystallised (alcohol), gave p-nitrophenyl -nitrobenzenethiolicsul- 
honate, m. p. 180—180-5° (Found: C, 42-5; H, 2:3; N, 7-95; S, 18-6. Calc. for C,,H,O,N,S,: C, 42:35; H, 2°35; 
f 8-25; S, 18-85%): Zincke and Leuhardt (loc. cit.) give m. p. 180—181°. The aqueous extract was evaporated, and 
the residue, repeatedly recrystallised (alcohol), furnished colourless crystals of potassium -nitrobenzenesulphonate 
(Found: C, 30-0; H, 1-7; N, 5-85; S, 13-5. Calc. for CgH,O,NSK: C, 29-85; H, 1-65; N, 5-8; S, 13-3%). Evapor- 
ation of the ethereal extract left a colourless solid mixed with a yellow oil. The solid, collected by filtration and thrice 
recrystallised (cyclohexane), gave p-nitrobenzenesulphonic acid, colourless crystals, m. p. 94-5—95° (Found: C, 35-2; 
H, 2:7. Calc. for C,H,O,NS: C, 35-45; H, 25%). The yellow oil, on fractional distillation, afforded O-ethyl S-ethyl 
xanthate, b. p. 77—78°/16 mm. (Found: C, 39-8; H, 6-6; S, 426%). 

p-Acetamidobenzenesulphonyl Chloride.—The sulphonyl chloride (2-9 g.) and potassium xanthate (2 g., 1 mol.), each 
freshly prepared and.carefully dried, were ground thoroughly together, transferred to a boiling-tube closed with a calcium 
chloride tube, and heated in a boiling water-bath for 4 hours during which reaction slowly occurred, the mixture becoming 
pale yellow and emitting malodorous fumes. (Neglect of the above conditions or the use of larger quantities always 
caused the mixture to form a charred mass from which no definite product could be isolated.) The cold powdered 
product was extracted with water and the insoluble residue thrice crystallised (acetic acid) and finally heated at 137°/18 
mm. for 6 hours to remove traces of solvent; p-acetamidophenyl p-acetamidobenzenethiolicsulphonate was thus obtained 
as colourless crystals, m. p. 210—211° (decomp.) (Found: C, 52-8; H, 4-4; N, 7-8; S, 17-4. C,.H,,0,N,S, requires 
C, 52:7; H, 4-45; N, 7-7; S, 176%). The aqueous extract was evaporated to dryness and the residue crystallised 4 
times (water); the sulphanilic acid obtained was then dehydrated at 137°/18 mm. (Found: C, 41-8; H, 4-0; N, 81; 
$, 18-4. Calc. forC,H,O,NS: C, 41-6; H, 4:1; N, 81; S, 185%). 

Hydrolysis of the Thiolicsulphonate-—A mixture of the powdered thiolicsulphonate (1 g.) and a solution of sodium 
hydroxide (1 g.) in alcohol (50 c.c.) was refluxed for 5 hours, the thiolicsulphonate slowly dissolving and being replaced 
by a grey solid. The boiling mixture was then filtered. The grey solid was dissolved in water and the solution made 
just acid with hydrochloric acid and evaporated to dryness. The residue, thrice crystallised (water), furnished p-amino- 
benzenesulphinic acid, colourless crystals which decomposed on being heated without melting (Found: C, 45-9; H, 
435; N, 8-75; S, 20-35. C,H,O,NS réquires C, 45-8; H, 4-5; N, 8-9; S, 20-4%). The alcoholic filtrate, concentrated 
and poured into much water, deposited a solid which when collected and thrice crystallised (dilute acetic acid), furnished 
di-p-acetamidophenyl disulphide, m. p. 184—185° (alone and mixed) (Found: C, 57-9; H, 4:9; N, 85; S, 19-2. Calc. 
for C,,H,,0,N,S,: C, 57-8; H, 4-85; N, 8-45; S, 19-3%). 

Synthesis of the Thiolicsulphonate.—(a) p-Acetamidobenzenesulphonyl iodide was prepared precisely as the p-chloro- 
afalogue above, using gape ag Ye chloride (19-8 g.): colourless crystals (ligroin) m. p. 170—171° 
(Found: C, 29-7; H, 2-6; N, 4-45. C,H,O,NIS requires C, 29-55; H, 2-5; N, 4:3%). (b) Silver p-acetamidophenyl . 
sulphide. p-Acetamidophenylthiol was prepared from the corresponding disulphide by Hinsberg’s method (Ber., 
1906, 39, 2427), and recrystallised from dilute acetic acid. The thiol (3 g.) was converted to its silver salt precisely as the 
above »-chloro-analogue. 

Interaction of the sulphonyl iodide (2-8 g.) and the silver sulphide (2-6 g., 1-1 mol.), as previously described, afforded 
the thiolicsulphonate, colourless crystals (acetic acid), m. p. 210—211°, unchanged by admixture with that formed in 
the xanthate reaction (Found: C, 52-5; H, 4-6; N, 7-6; S, 17:7%). 

m-Nitrobenzenesulphonyl Chloride.—A rapid and vigorous reaction occurred when the powdered sulphonyl chloride 
(16-6 g.) and potassium xanthate (12 g., 1 mol.) were quickly mixed in a vessel immersed in ice-water, much heat and 
malodorous vapour being evolved. The mixturé became molten, and was stirred until the reaction appeared complete. 
The cold product was then thoroughly extracted with ether. The insoluble residue, after recrystallisation (methanol), 
furnished colourless crystals of potassium m-nitrobenzenesulphonate (Found: C, 30-0; H, 1-75; N, 5-9; S, 13-45. 
Calc. for C,H,O,NSK : C, 29-85; H, 1-65; N, 5°8; S, 13-3%). Evaporation of the ether extract left an oil containing 
much solid matter. The latter, collected and recrystallised (cyclohexane), afforded ae acid, m. p. 
53-5—56° (alone and mixed) (Found: C, 35-45; H, 2-45; N, 6-95; S, 15-7. Calc. for C,H,O,NS: C, 35-45; H, 2-5; 
N, 6-9; S, 158%). The oil, on attempted fractionation at 15 mm.,“anderwent violent decomposition, but ultimately 
the only distillate obtained was O-ethyl S-ethyl xanthate, b. p. 77—78-5°/15 mm. (Found : C, 39-95; H, 6-8; S, 42-8%). 

4-Nitrotoluene-2-sulphonyl Chloride.—(A) Without a solvent. This experiment, using the sulphonyl chloride (11-8 g.) 
and the xanthate (8 g., 1 mol.) without external cooling, was precisely similar to previous ones. The insoluble residue 
from the ether extraction, after recrystallisation (alcohol), furnished colourless crystals of potassium 4-nitrotoluene-2- 
sulphonate (Found : C, 33-0; H, 2-45; N, §-65; S, 12-6. Calc. forC,H,O,NSK : C, 32-95; H, 2:35; N, 5-5; S, 12-55%). 
The ethereal extract on evaporation gave an oil containing considerable solid material ; the latter, collected and recrystal- 
lised (water), gave 4-nitrotoluene-2-sulphinic acid (II); colourless crystals readily soluble in water, m. p. 122—122-5° 
(Found : C, 41-9; H, 3-45; N, 7-0; S, 15-9. C,H,O,NS requires C, 41-8; H, 3-5; N, 6-95; S, 15-95%). One portion 
of the yellow oil was heated at 0-15 mm. pressure; much decomposition occurred and diethyl disulphurdicarbothionate 
distilled over; it had b. p. 114—116° and readily solidified, m. p. 31-5—32° (alone and mixed) (Found: C, 29-75; 
H, 42%). A second portion of the oil, heated at 25 mm., underwent violent decomposition; ultimately, fractionation 
gave only O-ethyl S-ethyl xanthate, b. p. 77—78°/15 mm. (Found: C, 40-0; H, 6-75; S, 42-7%). : 

(B) In solution. A slight excess of powdered potassium xanthate (8 g.) was slowly added to a solution of the sul- 
Reeyt chloride (10-7 g., 0-91 mol.) in other (400 c.c.) which was chilled in ice-water and vigorously shaken meanwhile. 

e¢ mixture was shaken for a further 30 minutes and then set aside for 6 hours. The colourless solid was separated and, 
~~ repeated crystallisation (alcohol), furnished potassium 4-nitrotoluene-2-sulphonate (Found: C, 33-06; H, 2-4; 

: 57; S, 12-7%), Evaporation under reduced pressure of the ethereal extract left a residual yellow oil which com- 
a. solidified, and when washed with cold alcohol afforded the disulphurdicarbothionate, colourless crystals, m. p. 
‘S—32° (alone and mixed) (Found: C, 29-6; H, 40%). 
oy above experiment was r ted in ether using 2 mols. of xanthate, and in carbon disulphide (400 c.c.) using 
ith 1 and 2 mols. of xanthate; Same products were obtained as in the first experiment, except that in the 2nd and 
bree tesco the excess of xanthate remained unchanged. No indication of the formation of a stable O-ethyl S-4- 
ae xanthate, or of the above sulphinic acid, could be detected. 
n all these experiments, particular care was taken to ensure the purity of the reactants. 


, 
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When equimolecular quantities of potassium xanthate and anthraquinone-1-sulphonyl chloride were heated togethe 
at 180° for 10 hours, the chloride was recovered unchanged; when the heating was maintained at 250° for 2 hours thell. 
only product isolated was the potassium sulphonate. Similar results were obtained with anthraquinone-2-sulphony 
chloride. 

Methanesulphonyl Chloride.—Powdered potassium methyl xanthate (14-6 g.) was added to the freshly distilled sul. 
phony] chloride (11-5 g., 1 mol.) which was vigorously stirred and chilled in ice-water. After the vigorous and immediatg 
reaction had subsided the cold product was extracted with ether. The residue, four times crystallised (alcohol), afforded 
potassium methanesulphonate (Found: C, 9-0; H, 2-1; S, 29-3. Calc. for CH,O,SK: C, 8-95; H, 2-25; S, 29-15%), 
The ethereal extract was evaporated, and the residual oily residue then gave the main fractions: (a) b. p. 29—36°/20 
mm., (b) b. p. 60—68°/20 mm. Fraction (a) was repeatedly refractionated at atmospheric pressure and pure dimethy| 
disulphide, b. p. 116—118°, obtained (Found: C, 25-7; H, 6-3; S, 68-0. Calc. for C,H,S,: C, 25-5; H, 6-4; § 
68-1%). Its identity was confirmed by treatment with aqueous chloramine-T, which furnished methyl p-toluene. 
sulphonimidosulphine-p-toluenesulphonylimine, colourless crystals (alcohol), m. p. 190—192° (alone and mixed). Frac. 
tion (b), refractionated at 18 mm., ultimately gave O-methyl S-methyl xanthate, b. p. 59—60°/18 mm. (Found: (¢, 
29-1; H, 5-2; S, 52-5. Calc. for C,H,OS,: C, 29-5; H, 4-95; S, 52-45%). Its identity was confirmed by boiling with 
alcoholic phenylhydrazine, which afforded O-methyl-N-phenylamino-thiourethane (alcohol), m. p. 110—111° (alone and 
mixed). 

Ethanesulphonyl Chloride.—This was performed precisely as.with the methane analogue, using potassium ethy| 
xanthate (10 g.) and the pure sulphonyl chloride (8 g., 1 mol.), a vigorous reaction again ensuing. The residue from the 
ether extraction, repeatedly recrystallised (alcohol), gave potassium ethanesulphonate (Found: C, 16-2; H, 3-5; §, 
21-55. Calc. for C,H,O,SK: C, 16-2; H, 3-4; S, 21-65%). The solvent was evaporated from the ethereal extract, 
and the residual yellow oil, when fractionated at 0-05 mm., gave 4 crude fractions : (a) b. p. below room temperature; 
the fraction being collected in a liquid-air trap; (b) b. p. 39—50°; (c) b. p. 5|0—57°; (d) 115—120°. 

Fraction (a) had b. p. 46—-49°/760 mm. Its identity.as carbon disulphide was proved by adding it to alcoholic potas. 
sium hydroxide solution, and then collecting the precipitated xanthate, which was washed and dried. A concentrated 
aqueous solution of this xanthate (0-6 g.) was added with shaking to a similar solution of potassium chloropalladite 
(0-6 g., 0-5 mol.). The brownish-green precipitate was collected, washed with water and alcohol, and when recrystallised 
(alcohol) gave orange-red crystals of palladium bisethylxanthate (III), m. p. 152° (alone and mixed) (Found: C, 20-7; 
H, 3-0; Pd, 30-7. C,H,.0,S,Pd requires C, 20-65; H, 2-9; Pd, 306%). It is essential for this preparation that the 
xanthate should be added to the palladite and not vice versa. Fraction (b), on refractionation gave ultimately O-ethy| 
S-ethyl xanthate, b. p. 46-5°/0-05 mm. (Found : C, 40-0; H, 6-7; S, 42-85%). Fraction (c), after repeated fractionation, 
gave diethyl disulphide, b. p. 52—54°/0-1 mm. (Found: C, 39-1; H, 8-2; S, 52-6; M, cryscopic in 1-676% ethylene 
dibromide solution, 128. Calc. for C,H, S,: C, 39-25; H, 8-25; S, 52-56%; M, 122). Its identity was confirmed by the 
action of cold aqueous chloramine-T (6 mols.), which furnished ethyl p-toluenesulphonimidosulphine-p-toluenesulphonyl- 
imine, m. p. 187—188° (alone and mixed) (Found: C, 48-1; H, 4:95; N, 6-85; S, 24-05. Calc. for CygH.0,N,5,: 
C, 47-95; H, 5-05; N, 7-0; S, 240%). Fraction (d) on refractionation gave a yellow oil, b. p. 114—117°/0-04 mm, 
which rapidly solidified, and when recrystallised (alcohol) gave diethyl disulphurdicarbothionate, m. p. 32—32-5° (alone 
and mixed) (Found: C, 29-6; H, 4-1; S, 52-85%). 

The following palladium derivatives of other xanthic acids were prepared to illustrate their value for characterisation 
purposes. Palladium bismethylxanthate (as III). A concentrated aqueous solution of potassium methyl xanthate 
(1-4 g.) was slowly added with shaking to a similar solution of potassium palladochloride (1-6 g., 0-5 mol.). The xanthat., 
collected and recrystallised (alcohol), formed orange-red plates which decomposed on heating above ca. 140° (Found: 
C, 15-1; H, 2-2. C,H,O,S,Pd requires C, 15-3; H,1-9%). The bis-n-propylxanthate, similarly prepared and recrystal- 
lised, also formed orange-red plates, m. p. 126—127° (Found: C, 25-8; H, 3-9. C,H,,0,S,Pd requires C, 26-05; H, 3-7%). 
The bis-benzylxanthate, similarly prepared from sodium benzyl xanthate (0-4 g.) and the palladochloride (0-32 g., 05 
mol.) formed orange crystals (alcohol), m. p. 134—135° (decomp.) (Found: C, 40-65; H, 3-25; S, 27-4; Pd, 22-95. 
C,,H,,0,S5,Pd requires C, 40-6; H, 3-0; S, 27-1; Pd, 22-55%). Similar compounds could not be prepared from sodium 
p-chloro- or p-methyl-benzyl xanthate and sodium or ammonium chloropalladite. 

The fact that the first (7.e., the methyl) member of this series of metallic derivatives decomposes on heating whilst the 
others have sharp m. p.s which fall as the alkyl series is ascended is not unexpected; similar properties are shown by 
- other homologous series of palladium compounds (Mann and Purdie, J., 1935, 1549; 1936, 873). It is probable that 
platinum also forms a similar series of non-ionic xanthates, as Ramberg (Z. anorg. Chem., 1906, 50, 439) has described 
the platinum analogue of (III) as yellow crystals, m. p. 129—130°, soluble in benzene. 


We gratefully acknowledge grants from the Department of Scientific and Industrial Research and from Imperial 
Chemical Industries, Ltd. 
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180. Reactions of Alkylisoformanilides. Part I. With Carboxylic Acids, 
Sulphonic Acids, and Sulphonamides. 


By Epwarp B. KNotTrT. 


Alkylisoformanilides react with carboxylic acids in alcoholic solution giving diphenylformamidine salts 
and alkyl orthoformate. Fusion of the reactants at 160° or above results in the formation of an anilide 
together with an alkyl ester of the acid, ethyl formate, aniline and carbon monoxide. An anilide’and carbon 
monoxide result from fusion of the diphenylformamidine salt at high temperature. Arylsulphonic acids react 
in alcoholic or — solution to give diphenylformamidine arylsulphonates whilst arylsulphonamides give 
N-arylsulphonyl-N’-phenylformamidines. 


Tue alkylisoformanilides (alkoxymethyleneanilines or N-phenylformiminoethers) have received scant attention 
since their preparation by Comstock and Kleeberg (Ber., 1890, 23, 2274; Amer. Chem. J., 1890, 12, 497) and 
by Claisen (A nnalen, 1895, 287, 362). The ease with which the alkoxy-group is eliminated by interaction with 
primary or secondary amines yielding derivatives of N-phenylformamidine was reported by Comstock ¢ al. 
(loc. cit.). Monier-Williams (J., 1906, 89, 274) condensed them with arylmagnesium bromides to give anils 
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whilst Wheeler and Walden (Amer. Chem. J., 1897, 19, 130) showed that they reacted with acid chlorides yield- 


(ing N-acylformanilides with the elimination of alkyl chloride. It is known (Comstock e? al., loc. cit.) that these 


It was thought to be of interest to determine the activity of organic acids towards them. 
For the initial experiments, absolute alcohol was used as solvent, and in most cases the reaction took place 
rapidly on warming the solution. In the majority of cases the chief reaction products were diphenylformamidine 


‘Mmsalts, the only exceptions being the mono-carboxylic fatty acids from isobutyric acid upwards which did not 
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react under these conditions. For the most part di-acid salts were obtained. Hydroxybenzoic and furoic 
acids as well as benzene- and the toluene-sulphonic acids, however, all gave mono-acid salts. Since naphthalene- 
2-sulphonic acid gave a di-acid salt in absolute alcohol and a mono-acid salt in aqueous alcohol the formation 
of mono-acid salts from benzene- and the toluene-sulphonic acids may be explained on the basis of hydrolysis 
by water, present either as solvent in the case of benzenesulphonic acid or as water of crystallisation in the 
cases Of the toluenesulphonic acids. The formation of mono-acid salts from the hydroxybenzoic and furoic 
acids cannot be due to hydrolysis since no water was present. Moreover, even in aqueous alcohol such acids 
as benzoic or oxalic gave only di-acid salts. Since acids giving di-acid salts such as benzoic, succinic, 8-benzoy]l- 
propionic or B-phenylpropionic are all much weaker acids than either furoic or salicylic acids, mono-acid salt 
formation does not appear to be a function of acid dissociation constants. This is further exemplified by the fact 
that p-hydroxybenzoic acid, which has a strength similar to B-benzoyl- or 8-phenyl-propionic acid, gives only the 
mono-acid salt. 

By recrystallisation of diphenylformamidine p-toluenesulphonate from an anhydrous solvent the di-p-toluene- 
sulphonate was obtained. The identity of the salts was checked by their formation from diphenylformamidine 
and the appropriate acid. Those acids which gave di-acid salts in the above reaction gave the same salts with 
diphenylformamidine even when mixed in molar proportions. These salts, apart from those derived from 
the lower fatty acids, are stable and have well defined m. p.s which may be used in characterising the acid. The 
acetate decomposes on keeping to a brown oil. In all cases the reaction liquor, on boiling, had a strong odour 
similar to that of ethyl orthoformate. This by-product was isolated in one case in which malonic acid reacted 
with ethylisoformanilide in ethyl alcohol. It was ethyl orthoformate. 

The mechanism of this reaction has not been examined, but in the presence of ethyl alcohol the gross reaction 
appears to follow equation (I) : 

2PhN:CHOEt + 2R:CO,H + EtOH ——> PhN‘CH-NHPh,2R:CO,H + CH(OEt), (L.) 
In an attempt to isolate intermediate reaction products, benzoic acid and ethyliseformanilide were heated in 
anhydrous benzene but, apart from a little diphenylformamidine salt, much of the isoformanilide was recovered 
together with a little phenyl isocyanide. 

Although the majority of fatty acids did not react in alcohol, on fusion with methylisoformanilide at 160° 
there was a vigorous evolution of volatile substances leaving a residue which solidified in most cases. This 
consisted chiefly of the anilide. By this method anilides of all normal fatty acids from acetic to lauric acids 
and of isobutyric, isovaleric, and isocaproic acids were prepared. In a similar way, the anilides of phenylacetic 
and f-phenylpropionic acid were produced at 160°. The conversion of benzoic acid to its anilide required a 
temperature of over 200°. This reaction was studied more carefully employing phenylacetic acid and ethyl- 
isoformanilide; all the products of decomposition were fractionated and found to consist of carbon monoxide 
and ethyl formate in the primary distillate and aniline, ethyl phenylacetate and phenylacetanilide in the 
secondary distillate. The latter two products were formed in roughly equivalent amounts accounting for nearly 
all the phenylacetic acid employed. The gross reaction is thus represented by (II) : 

2PhN:CHOEt + 2R-CO,H —-> PhNH-CO-R + R-CO,Et y+ H-CO,Et + PhNH, + CO (IL) 

From the nature of the reaction products, anilide formation was not a simple decomposition of the dipheny]- 

frmamidine salts. This was also indicated by fusion of the pure salts at 160°. The acetate gave pure diphenyl- 

frmamidine whilst other salts remained unchanged. On fusion at 200°, however, the di-phenylacetate and 

di-$-phenylpropionate readily lost carbon monoxide and gave high yields of anilides. Similarly, the dibenzoate 

gave benzanilide at 250°. In this case anilide formation may be represented by (III) : 
PhN:CH-NHPh,2R-CO,H —-> 2PhNH-CO-R + CO +H,0 (III.) 

Atylsulphonic acids reacted more vigorously than analogous carboxylic acids, and in alcohol or water no 

application of heat was necessary. Fusion of p-toluenesulphonic acid and methylisoformanilide at 250° gave 

an insoluble powder which was not investigated further. ; 

In view of the reactivity of amines towards alkylisoformanilides, the condensation of the reactive sulphon- 
amides seemed to be of interest. Toluene-p-sulphonamide reacted readily in boiling alcohol, and as in the case 
of condensation with aniline, elimination of alcohol occurred giving N-toluene-p-sulphonyl-N’-phenylform- 
amidine (IV; R = Me). Acetylsulphanilamide did not react under these conditions; fusion of the reactants 
at 140° caused rapid evolution of alcohol with the formation of N-acetylsulphanilyl-N'-phenylformamidine 


(IV; R = -NHAc) in high yield : 

‘RC YSO,NH, + MeO-CH:NPh —> R{__SO,NH-CH(OMe)-NHPh cic RC S0,'N:CH-NHPh + MeOH 
(Iv.) 

This condensation proceeds presumably through the addition compound shown. Hydrolysis of (IV; R = 
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NHAc) with alkali under mild conditions gave only acetylsulphanilamide whilst acid hydrolysis yielded 
sulphanilamide. The method of Kwartler and Lucas (J. Amer. Chem. Soc., 1943, 65, 355) for the hydrolysis 
of analogaus sulphanilylamidines was applied but only sulphanilamide could be isolated. Sulphanilamide also 
condensed with the reagent but the product consisted chiefly of N-p-sulphonamidophenyl-N’'-phenylform- 


amidine : 
PhNH‘CH:NGSO,NH, (v.) 


The formation of (IV; R = NH,) from p-nitrobenzenesulphonamide and an alkylisoformanilide followed by 
catalytic reduction has not been attempted. 
EXPERIMENTAL. 


(Microanalyses are by Drs. Weiler and Strauss, Oxford. M. p.s uncorrected.) 


Methylisoformanilide was prepared by the method of Lander (J., 1903, 88, 417). It can also be prepared according to 
Comstock and Kleeberg (loc. cii.; cf. Monier-Williams, Joc. cit.). Ethylisoformanilide which can be used instead of the 
methyl ether is best prepared by the method of Claisen (Annalen, 1895, 287, 362). 

Condensation Reactions.—(a) In alcohol: Molar quantities of the reagents in a minimum of ethanol were refluxed 
for 30 minutes. Arylcarboxylic acids and sulphonic acids usually gave a precipitate during the refluxing so that it was 
advisable to dissolve the acid in the alcohol before adding the methylisoformanilide. When crystallisation did not occur 
on cooling a little ligroin was added. (b) Fusion: For these experiments the reactants were immersed in the oil bath 
at 140—160° with a piece of porous porcelain, the cessation of bubble formation indicating the end of the reaction. 
This usually occurred within 30 minutes. , 

The Fusion of Phenylacetic Acid and Ethylisoformanilide (I1).—Ethylisoformanilide (29-8 g.; 0-2 mol.) and phenyl- 
acetic acid (27-2 g.; 0-2 mol.) were fused at 160° for 60 minutes, provision being made to collect the distillate. Ethy! 
formate, b. p. 54° (5 g.; 68%), was collected (Found: C, 48:5; H, 8-0. Calc. for C;H,O,: C, 48°65; H, 8-1%). 
The residue was distilled until the vapour temperature was 230°. The distillate, consisting of a mixture of ethyl phenyi- 
acetate and aniline, was shaken with dilute hydrochloric acid, the insoluble oil taken up in ether, dried and distilled 
giving ethyl phenylacetate, b. p. 227—-228° (15-1 g., 92%) (Found: C, 73:2; H, 7-2. Calc. for CyH,,0O,: C, 73-15; 
H, 7°3%). The acid extract was basified, extracted with ether and distilled. Aniline, b. p. 184—188° (6-4 g¢.; 69%) 
(Found: N, 15-1. Calc. for C,H,N: N, 15-05%), was obtained. The residue from the secondary distillation was 
recrystallised from alcohol giving phenylacetanilide, m. p. 117° (19-3 g.,91-5%). Mixed m. p. with authentic specimen, 
117° (Found: N, 6°85. Calc. for C,,H,,ON : N, 6°65%). 

N-Toluene-p-sulphonyl-N’-phenylformamidine.—Toluene-p-sulphonamide (1-71 g.; 0-01 mol.) and methylisoform- 
anilide (1-35 g.; 0-01 mol.) in ethanol (2 c.c.) were refluxed for 15 minutes. During this time the liquor set to a mass of 
white crystals. They were collected and crystallised from alcohol forming fine white needles, m. p. 202—207° (1:7 g,, 
62%). The amidine is insoluble in cold aqueous sodium hydroxide but dissolves on warming (Found: N, 10-25. 
C,,H,,0,N,S requires N, 9-95%). 

N-Acetylsulphanilyl-N’-phenylformamidine.—Acetylsulphanilamide (6-42 g.; 0-03 mol.) was finely ground and covered 
by methylisoformanilide (4-05 g.; 0-03 mol.) in a wide-necked flask. The mixture was immersed in an oil bath at 140° and 
stirred. After a short while there was a vigorous evolution of methanol, and the whole solidified. The continlued stirring 
allowed the formation of grains instead of a solid mass. The flask was cooled, the solid washed with ether and collected 
(8-7 g., 92%). It crystallised slowly from alcohol in tiny rosettes of needles, m. p. 248—249°, fluorescing blue in ultra- 
bese y gos hanes in cold aqueous sodium hydroxide (Found: N, 13-0; S, 9-95. C,;H,;0,;N,S requires \, 

g 5; ? * 0)}- 

Hydrolysis.—(a) Sodium hydroxide : On dissolving the above in 2} mols. warm 10% sodium hydroxide and neutralis- 
ing the cooled solution acetylsulphanilamide was recovered. A strong smell of phenylisocyanide was noted. (b) Hydv- 
chloric acid: On refluxing for 30 minutes with 2n hydrochloric acid followed by neutralisation, sulphanilamide separated, 
A shorter reaction time and lower temperatures gave only sulphanilamide or acetylsulphanilamide. Shaking for 24 hours 
in 20% alcoholic hydrochloric acid at room temperature gave sulphanilamide. 
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Acid. 78°. 140—160°. salt. Crystal form. Formula. Found. Required. 

Acetic—Lauric — Anilide — — 

Oxalic Di-acid salt ? 166° Cubes § C,3H,,O,N2 

Malonic Pins 170 Needles § CigH1,.0,N2 

Succinic ts 160 Irregular § C,7H,,0,N, 

Glutaric ‘ 135 Needles § Ciel 0,Ns 
Phenylacetic  _ Anilide 99—100 Lustrous needles + — 

B-Phenylpropionic a Needles +¢ C;,H;,0,N2 
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B-Benzoy?propionic, ? Glistening plates C,,H,,0,N, 
. p needles § 
Cinnamic Di-acid salt Prisms § C3,H_,0,Ny 
Benzoic " Needles § C,7H,,O,N, 
apy (Anilide at 250°) 
Salicylic Mono-acid salt ? Needles § - CopH,,03N2 
p-Hydroxybenzoic Needles § CoH ,,03Ne 
Furoic Cream needles{ C,,H,,0,N, 
; (alcohol cryst.) 
Benzenesulphonic || 166—167 Needles ¢ CygH,,0,N,S_ SS, 
o-Toluenesulphonic 194 Plates t CoH O3N25  S, 
p-Toluenesulphonic 215 Needles ¢ CoH y993N,S _S, 
2-Naphthalene- Di-acid salt 267 Pearly plates § CysHygO NaS ~t Rs 
sulphonic . 
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* Heller, Kiihn (Ber., 1904, 37, 3116) gave m. p. 177—178°. + From isopropylether. { From methyl alcohol. 
§ From ethyl alcohol. | A 30% aqueous solution of benzenesulphonic acid was used. 
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Sulphanilamide and Methylisoformanilide.—Sulphanilamide (1-72 g.; 0-01 mol.) and methylisoformanilide (1-35 g. ; 
0-01 mol.) were fused at 130° for 5 minutes by which time the whole had solidified. It was washed out with ether, 
dissolved in hot spirit, filtered and hot water added until the filtrate was opalescent. On cooling, microscopic needles 
separated in clusters, m. p. 192—195°. Only a small amount of the substance was obtained; it did not contain a free 
amino-group and was, probably, N-p-sulphonamidophenyl-N’-phenylformamidine (Found: S, 11°41. C,,;H,,;0,N,S 
requires S, 11-66%). 

iat summary ofthe general results is given in the foregoing table. 

Diphenylformamidine 2-naphthalenesulphonate, obtained by mixing molar amounts of base and acid in alcohol, or by 
allowing the acid and alkylisoformanilide to react in aqueous alcohol, had m. p. 205° (Found: S, 7°8. C,3H »O,N,S 
requires S, 795%). 

Diphenylformamidine di-p-toluenesulphonate obtained from the base and acid formed colourless needles from alcohol— 
ether, m. p. 240° (Found: S, 11-95. C,,H,,0,N,S, requires S, 11-85%). It is also obtained on recrystallizing the 
mono-acid salt from absolute alcohol-—ether. 


KonpaAK RESEARCH LABORATORIES, WEALDSTONE, HARROW, MIDDx. [Received, June 14th, 1945.} 





181. 2-p-Aminobenzenesulphonamidopyrimidines. Preparation by a Novel Route. 
By F. L. Rose and G. Swain. 


The preparation is described of a series of sulphanilamide derivatives of pyrimidine by allowing p-nitro-, 
p-amino- or p-acetamido-benzenesulphonylguanidine to react with £-diketones or B-ketocarboxylic esters. 


TuE sulphanilamides derived from amines of the heterocyclic series provide some of the most active antibacterial 
drugs of this class. The methods commonly used for their preparation have been adequately reviewed else- 
where (Northey, Chem. Rev., 1940, 27, 85). The more important require the condensation, usually in an 
anhydrous acid-binding solvent such as pyridine, of the heterocyclic amine with p-nitro- or p-acetamido-benzene- 
sulphony] chloride, followed by conversion of the para-substituent to amino. Few attempts have been made to 
synthesise these substances by building up the heterocyclic ring on to a preformed sulphonamide group. 

An analogous route to compounds of the sulphapyrimidine (sulphadiazine) class was described by Haworth 
and Rose (B.P. 552,887) and is, in part, recorded here in detail. It involved condensation of p-nitro-, p-amino- 
or p-acetamido-benzenesulphonylguanidine with $-diketones or B-ketocarboxylic esters : 

x SO,"NH-C-NH, + R-CO-CH-CO-R” —> X SO,-NH-Z on 
K_DSoe NG NH, rc Nat 
(I.) (II.) (III.) 
X = NO,, NH,, NHAc. 

Since the synthesis of the desired product could be effected with readily available compounds (I) this process 
offered technical advantages over the sulphonyl chloride method which invariably requires anhydrous reaction 
conditions. Similar condensations to those described here have been recorded independently by the Soc. 
Chem. Ind. Basle (B.P. 566,571), Cilag (B.P. Appln. 4613/44, and by Ganapathi, Deliwala, and Shirsat (Proc. 
Ind. Acad. Sc., 1942, 16, No. 2, Series A, 115) who allowed (I) (X = NH, and AcNH) to react with ethyl aceto- 
acetate and its a-alkyl derivatives in the presence of sodium ethoxide. We have found it unnecessary to use this 
condensing agent since the reaction proceeded smoothly in most cases by heating to a sufficiently high temper- 
ature. The reaction has been examined in every case with (I) (X = NO,, NH, and AcNH), but was not 
equally successful with all three p-substituents. Thus the reaction was facile between (I) (X = NO,, NHAc) 
and ethyl acetoacetate in excess of the latter under reflux, between (I) (X = NO,, NH,) and ethyl oxaloacetate 
in boiling pyridine, between (I) (X = NHAc) and ethyl oxalogcetone at 130°, and between (I) (X = NH,) 
and acetylacetone at 110°. On the other hand, the reaction was sluggish or gave undesired products between 
(I) (X = NO,, NH,) and ethyl oxaloacetone and (I) (X = NO,, NHAc) and acetylacetone. In the latter 
case, (I) (X = NHAc) gave a good yield when the reaction was effected in boiling glacial acetic acid in the 
presence of anhydrous sodium acetate. The condensations with acetylacetone have been extended to the use 
of homologous §-diketones such as propionylacetone and 3-methylacetylacetone. The pyrimidine derivatives 
thus prepared are listed below : 
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The most important of the above reactions was that which resulted in the formation of 2-p-aminobenzene. 
sulphonamido-4 : 6-dimethylpyrimidine (X). As a result of the availability of this substance by this route it 
has been introduced into medical practice for the treatment of bacterial infections (Macartney, Smith, Luxton, 
Ramsey and Goldman, Lancet, 1942, i, 6839; Rose, Martin and Bevan, J. Pharm. Exp. Therap., 1943, 77, 127), 
In consequence, its preparation has been the subject of intensive study which need not be reported here in detail, 
In general, the condensation of (I) (KX = NH,, “ sulphaguanidine ’’) with acetylacetone has been shown to 
proceed readily at temperatures above 110°, and was best effected by using excess diketone as solvent, or by 
adding a diluent such as acetic acid, phenol or ethanol (pressure reaction). Isolation and purification of the 
product was facilitated by its solubility in dilute alkali. The parent sulphaguanidine was not soluble in these 
conditions. The yield was largely independent of the excess diketone used and most of the sulphonylguanidine 
was accounted for, either as the required reaction product or by recovery unchanged after treatment of the 
gummy by-products with dilute mineral acid, suggesting that these contained unstable condensation products, 
These might be anil derivatives, involving the condensation of acetylacetone with the aromatic amine group, 
or acyclic systems in which the two carbonyl groups of the diketone have condensed with the guanidine groups 
from two different molecules. All the initial preparations of (X) made over a period of several months in our 
laboratories by a number of different workers, whether directly from sulphaguanidine or via the nitro-compound 
(IX), were isolated after low temperature drying as the hemihydrate, m. p. 178—180° (corr.). The solubility 
of this material in water was 192 mg./100 c.c. at 37°. These characteristics corresponded well with those 
recorded by Caldwell, Kornfeld and Donnell (J. Amer. Chem. Soc., 1941, 68, 2188) and Sprague, Kissinger and 
Lincoln (ibid., 1941, 68, 3028) for the same product prépared by a sulphonyl chloride reaction. A single 
later preparation (1942) was subsequently found to be anhydrous, to have m. p. 197—198° (corr.) and to be 
rather less soluble in water at 37° (62 mg./100c.c.). Examination of reference samples of earlier preparations 
and of those stored some distance away showed that they all had the higher m. p. Attempts to prepare the 
hydrated metatastable form have since failed, nor does it appear to have arisen during the later work of Roblin, 
Winnek and English (ibid., 1942, 64, 567) when repeating the earlier researches of Caldwell e¢ al. (loc. cit.), 
although the former workers observed a tendency of aqueous solutions to supersaturate. The change from 
metastable to stable form produced no observable differences in antibacterial properties of the drug, measured 
either in vitro or in vivo. 

The relatively high water solubility of (X) was advantageous from the therapeutic standpoint in reducing 
the risk of renal damage during elimination from the body. In this connection it may be noted that the 
corresponding compounds carrying one or no methyl] groups in the pyrimidine nucleus are recorded as much 
less soluble (about 10—15 mg./100c.c. at 37°). The introduction of a third methyl group in position 5 (XII), 
however, reduced solubility to this same level. 

Compound (IV) with phosphoryl chloride gave the corresponding 6-chloro-derivative (XVI), which reacted 
in hot phenol with ammonia gas to give the corresponding 6-amino-derivative. This, reduced in hot ethanol 
with iron in the presence of a little hydrochloric acid, gave the diamine (XVII). 


Me _Me aN 
NO K sor ma, NH s0,NHC 2. NH Dsoenn€ _» 
NH Cl 


(XVI) (XVII.) ; (XVIIL.) 


Compound (IV) was similarly reduced to the corresponding amine. Attempts to reduce (XVI) to (XVIII) 
in the same manner failed, but reduction with ferrous sulphate in cold dilute ammonia was successful. Com- 
pound (XVIII) dissolved in dilute hydrochloric acid, showed the presence of the primary amino-group by the 
diazo-reaction. It was obtained pure by rapid recrystallisation from ethanol, but the solution in dilute hydro- 
chloric acid deposited a precipitate on heating for a short time, presumably through inter-molecular condensation. 

The condensation of ethyl oxaloacetone with (I) (X = AcNH) has provided an indirect route to 2-p-amino- 
benzenesulphonamido-4-methylpyrimidine (XIX, ‘‘ Sulphamerazine’’). The reaction product (VIII) was 
saponified with remarkable ease by treatment for a short time with cold dilute sodium hydroxide, and the 


Me 
|, =. 
(VIII.) nerd sop S NH Dsovnu¢ > (XIX.) 
COOC,H, 


carboxylic acid group was then easily removed by heating the free acid either alone or,.better, in dimethylaniline 
(Rose and Swain, B.P. 569,228). Finally, the acetyl group was removed with hot dilute hydrochloric acid. 
The reactivity of the ester group of (VIII) was also shown by formation of the amide in good yield following 
solution in cold dilute ammonia. The preparation of the un-methylated sulphonamide corresponding to 
(XIX) by oxidation of the two pyrimidine methyl] groups of the acetyl derivative of (X) to carboxyl followed by 
decarboxylation, was unsuccessful. Potassium permanganate used in the theoretical amount in the presence 
of magnesium sulphate gave a high yield of (I) (X = AcNH). It was not apparent whether the breakdown of the 
pyrimidine ring preceded or followed oxidation of the methyl groups. 

Condensation of ethyl oxaloacetate with (I) (X = NO, or NH,) giving (VI) and (VII), respectively, gave the 
highest yield with the sodio-derivative of the ester reacting in boiling pyridine. The carboxylic ester group 
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was less reactive with dilute sodium hydroxide or ammonia than that of (VIII), being unchanged by treatment 
for a short time with either. Reduction of (VI) gave a product identical with (VII) and the amine prepared 
either way was obtained pure in the form of golden yellow needles. The incidence of colour in such a compound 
was unusual and there was no reason to doubt the structure assigned to it. Solutions in organic solvents and 
dilute alkalis retained the yellow colour, whereas the solution in dilute hydrochloric acid was colourless. 


EXPERIMENTAL. 


2-p-Nitrobenzenesulphonamido-4-hydroxy-6-methylpyrimidine _(IV).—p-Nitrobenzenesulphonylguanidine (Roblin, 
Williams, Winnek and English, J]. Amer. Chem. Soc., 1940, 62, 2002; 2-5 g.) and ethyl acetoacetate (12-5 c.c.) were 
refluxed for 14 hours and the alcohol and water formed in the reaction were allowed to escape. The solid precipitated 
on cooling was washed on to a filter with a little methanol and crystallised from acetic acid in pale yellow prisms (1-5 g.), 
m. p. 220—222° (Found: C, 41-9; H, 3-05; N, 17-65. C,,H»O,N,S requires C, 41-9; H, 3-2; N, 18-1%). 

2-p-A minobenzenesulphonamido-4-hydroxy-6-methylpyrimidine (III, X = NH,, R=OH, R’ =H, R” = CH,).— 
Compound (IV) (3-2 g.), water (50 c.c.), conc. hydrochloric acid (2 c.c.) and iron filings (15 g.) were refluxed with stirring 
for 1 hour, made alkaline with caustic soda and filtered. The filtrate was cooled and neutralised with acetic acid. The 
precipitate was filtered off, dried (2-1 g.) and recrystallised from dilute acetic acid. It was obtained in colourless prisms, 
m. p. 251°; Ganapathi et al. (loc. cit.) give m. p. 253—254° (Found : C, 46-55; H, 4-1; N,19-9. Calc. for C,,H,,N,O,S: 
C, 47-1; H, 4-4; N, 20-0%). 

2-p-A cetamidobenzenesulphonamido-4-hydroxy-6-methylpyrimidine (V).—p-Acetamidobenzenesulphonylguanidine 
(2:5 g.) (Marshall, Bratton, White, Litchfield, Bull. Johns Hopkins Hosp., 1940, 67, 163) and ethyl acetoacetate (12-5 c.c.) 
were refluxed for 14 hours allowing the volatile products of the reaction to escape. The crystalline solid which pre- 
cipitated on cooling was separated and recrystallised from wet f-ethoxyethanol; colourless plates, m. p. 271—273° 
(Ganapathi e¢ al., loc. cit., give m. p. 273°) (Found: N, 17-2. C,3;H,,N,O,S requires N, 17-4%). 

Ethyl 2-p-Nitrobenzenesulphonamido-4-hydroxy-pyrimidine-6-carboxylate (V1).—p-Nitrobenzenesulphonylguanidine 
(4-9 g.), ethyl oxaloacetate (sodium derivative, 4-0 g.) and pyridine (15 c.c.) were refluxed together for 14 hours. The 
reaction mixture was diluted with water (150 c.c.), made alkaline with sodium hydroxide, and filtered. from undissolved 
solid. The filtrate was acidified with hydrochloric acid, the crystalline yg filtered off and recrystallised from 
aqueous ethanol; yellow needles, m. p. 195° (decomp.) (1-1 g.), (Found: C, 41-6; H, 33; N, 15-3. C,,;H,,0,N,S 
requires C, 42-3; H, 3-3; N, 15-25%). 

Ethyl 2-p-A minobenzenesulphonamido-4-hydroxy-pyrimidine-6-carboxylate (VII).—(a) Compound (VI) (1-6 g.) was 
dissolved in water (50 c.c.) and concentrated ammonia solution (15 c.c.) at 50°, and ferrous sulphate crystals (8-3 g.) 
in water (30 c.c.) stirred in during 15 minutes. The suspension was filtered, the filtrate made acid with hydrochloric 
acid, treated with decolourising charcoal and refiltered. The pale yellow filtrate was made alkaline with ammonia and 
then neutralised with acetic acid. The precipitate (0-4 g.) recrystallised from a water—ethanol mixture in pale yellow 
needles, m. p. 212—214° (decomp.) (Found: C, 46-35; H, 4:2; N, 16:25. C,,H,,0;N,S requires C, 46-15; H, 4-15; 
N, 166%). (b) p-Aminobenzenesulphonylguanidine (Roblin, Williams, Winnek and English, loc. cit., 46 g.) ethyl 
oxaloacetate (sodium derivative, 42 g.) and pyridine (100 c.c.) were refluxed together for 1 hour. The excess pyridine 
was removed under reduced pressure and the syrupy residue shaken with water (500 c.c.), filtered and the filtrate made 
acid with acetic acid. The semi-solid precipitate was purified by dissolving in cold dilute ammonia, treating with 


decolourising charcoal and reprecipitating with acetic acid. The product recrystallised from water—ethanol in pale yellow 
& , P pale y 


needles (7-1 g.), m. p. 212—-214° (decomp.), undepressed by admixture with material made by (a). The yellow colour 
was not removed by further treatment with decolourising charcoal and since the colour persisted in material made by 
routes (a) and (b) it was considered to be inherent in the compound. 

Ethyl 2-p-Acetamidobenzenesulphonamido-4-methylpyrimidine-6-carboxylate (VIII).—p-Acetamidobenzenesulphonyl- 
guanidine (60 g.) and ethy! oxaloacetone (90 g.) were heated together for 6 hours in an oil-bath kept at 145—160°. 
Ethanol (100 c.c.) was added to the brown pasty mass whilst still hot and the mixture cooled, filtered and the crystalline 
solid washed with a little fresh solvent (68 g., m. p. 214—215°). It crystallised from ethanol in faintly yellow prisms, 
m. p. 224—225° (decomp.) (Found : C, 49-95; H, 4:7; N, 14-7. C,,H,,0;N,S requires C, 50-8; H, 4-8; N, 14-8%). 

2-p-A cetamidobenzenesulphonamido-4-methylpyrimidine-6-carboxylic Acid.—(IIlI, X = ACNH, R=CH,, R’ =H, 
R” = COOH).—The above ethyl ester (crude reaction product, 68 g.) was stirred for 30 minutes at 20—25° in water 
(250 c.c.) and sodium hydroxide (40% solution, 150 c.c.). The solution was filtered from a little insoluble material 
and, after standing a further 1 hour, the filtrate was nearly neutralised at 0° with hydrochloric acid. Some hydrolysis 
of the acetamido-group occurred (diazo-reaction), and acetic anhydride (24 c.c.) was therefore stirred in during 30 minutes. 
The solution was made strongly acid with hydrochloric acid and the precipitate converted to a crystalline filterable form 
by adding the whole to boiling water (2000c.c.). After cooling, the solid was collected (55-4 g., m. p. 252—254° decomp.). 
It crystallised in colourless needles from water—butanol—ethanol mixture (5:3; 4), m. p. 250° (decomp.) (Found: C, 
48-2; H, 4-55; N, 16-2. C,,H,,O,N,S required C, 48-0; H, 4-0; N, 16-0%). 

2-p-A cetamidobenzenesulphonamido-4-methylpyrimidine (III, X = ACNH, R = CH;, R’ = R” = H).—The above 
carboxylic acid (55-3 g.) was stirred in dimethylaniline (80 c.c.) for 3 hours in a bath kept at 220—230° and, after cooling, 
the solid was washed on to a filter with benzene. It formed small prisms, (46-5 g.), m. p. 242—244° undepressed by 
admixture with specimen made by the method of Roblin, Williams, Winnek and English (Joc. cit.). 

2-p-A minobenzenesulphonamido-4-methylpyrimidine (III, X = NH,, R=CH;, R’ = R” = H).—The solution 
obtained by refluxing the above acetamido-compound (14 g.) with N-hydrochloric acid (70 c.c.) for } hour was decolourised 
with charcoal, filtered and made alkaline with ammonia. The solid (8-1 g.), m. p. 224—226°, crystallised from ethyl 
alcohol in colourless prisms (5-4 g.), m. p. 230—231° undepressed in admixture with an authentic specimen. 

i 2-p-A cetamidobenzenesulphonamido-4-methylpyrimidine-6-carboxylamide (III, X= AcNH, R=CH,, R’ =H, 
R” = CONH,).—(VIII, 2 g.) was dissolved in 3N ammonia (60 c.c.) and, after standing, the solution was acidified with 
dilute hydrochloric acid. The precipitate (1-9 g., m. p. 267—-270°) was recrystallised from aqueous ethanol (2: 1) afd 
obtained in colourless prisms (1-5 g.), m. p. 272—S74° (decomp.) (Found: C, 45-95; H, 4°65; N, 19-15. C,,H,,0,N,S,H,O 
requires C, 45-8; H, 4-6; N, 19-1%). 

2-p-Nitrobenzenesulphonamido-4 : 6-dimethylpyrimidine (IX).—p-Nitrobenzenesulphonylguanidine (2-5 g.), acetyl- 
acetone (2 c.c.) and glacial acetic acid (2 c.c.) were refluxed for 3 hours. The solid, precipitated on adding water, was dis- 
solved in dilute ammonia, filtered and teprecipitated with hydrochloric acid. It crystallised from dilute acetic acid in 
pale yellow prisms (0-4 g.), m. p. 215° (Found : N, 19-2. C,,H,,0,N,S requires N, 19-2%). 

2-p-A minobenzenesulphonamido-4 : 6-dimethylpyrimidine (X).—(a) Compound (IX) (1-5 g.) was dissolved in water 
80 c.c.) and concentrated ammonia (16 c.c., d 0-88) at 50°. A solution of ferrous sulphate crystals (10 g.) in water 
40 ¢.c.) was added and the suspension stirred 15 minutes at 50° and filtered. The filtrate was made acid with acetic acid 
And the precipitate collected. When crystallised from water and dried at 40°, it formed colourless prisms (0-8 g.), M. p. 
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176—178° with initial melting and resolidification at 127—130° (Found : C, 50-4; H, 5-0; N, 19-5. C,,H,,O,N,S,}1H,0 
requires C, 50-2; H, 5:2; N, 19°5%). The solubility in water at 37° was 192 mg./100 c.c. determined by a diazo~ 
colourimetric method. Caldwell, Kornfeld and Donnell (Joc. cit.) give m. p. 178—180° (corr.) and Sprague, Kissinger 
and Lincoln (J. Amer. Chem. Soc., 1941, 68, 3028) give m. p. 175-5—176-5° for anhydrous material prepared from the 
sulphonyl chloride and 2-amino-4 : 6-dimethylpyrimidine. The former record a solubility of 150 mg./100 c.c. at 29° 
2-p-Acetamidobenzenesulphonamido-4 : 6-dimethylpyrimidine (XI) was obtained as colourless prisms by warming the 
amine in acetic acid with a little acetic anhydride and adding water, m. p. 244° (Found: N,17-5. Calc. for C,4H,,0,N,S: 
N, 17-7%). Solubility 115 mg./100 c.c. in water at 37°. Caldwell e¢ ai. and Sprague e¢ al. give m. p. 246-8—247° corr, 
and 240—241-5°, respectively. (XI) was also obtained directly (21-7 g.) by refluxing for 17 hours a mixture of (|) 
(X = AcNH, 25-6 g.), acetylacetone (15 g.), acetic acid (75 g.) and anhydrous sodium acetate. (b) p-Aminobenzene. 
sulphonylguanidine (85 g.) and acetylacetone (48 c.c.) were stirred together for 21 hours in a bath kept at 160—165' 
(internal temperature 110—120°). The water formed during the reaction was allowed to escape. On cooling anj 
adding methanol (170 c.c.), crystals of crude 2-p-aminobenzenesulphonamido-4 : 6-dimethylpyrimidine separated 
(70g.). Alittle recrystallised from water gave material identical with that made by (a). Later preparations gave material, 
m. p. 197—198° and solubility 62 mg./100 c.c. at 37° (Found: C, 51-5; H, 4-65; N, 20-3. c. for C,,H,,0,N,S: 
C, 51-8; H, 5-0; N,20-1%). Roblin, Winnek and English (/oc. cit.) give m. p. 198—199° (corr.) and solubility 75 mg. /100 
c.c. at 37°, for their product made by using a sulphony] chloride and m. p. 249—250° for the acetyl derivative. 

The methanol filtrate obtained above was evaporated under reduced pressure. The residual gum did not solidify 
even after long standing under water but when warmed with dilute hydrochloric acid and then made alkaline with caustic 
soda, p-aminobenzenesulphonylguanidine (22 g.) was recovered. 

2-p-A minobenzenesulphonamido-4 : 5 : 6-trimethylpyrimidine (XII).—p-Aminobenzenesulphonylguanidine (10-7 g) 
and 3-methylacetylacetone were condensed together as (b) above. The crude product crystallised from f-ethoxyethanol 
in colourless prisms, m. p. 234—235-5°. Solubility in water, 15 mg./100 c.c. at 37° (Found: N,-19-0: C,;H,,0,N,S 
requires N, 19-2%). 

2-p-A minobenzenesulphonamido-4-methyl-6-ethylpyrimidine (XIII).—p-Aminobenzenesulphonylguanidine (21-4 ¢), 
propionylacetone (12-5 g.), glacial acetic acid (8 c.c.) and »-amyl alcohol (40 c.c.) were refluxed for 16 hours. The 
cooled solution was extracted with 3n sodium hydroxide (70 c.c.) and the aqueous extract made acid with acetic acid, 
The semi-solid precipitate was dissolved in hot dilute hydrochloric acid, the solution decolourised with charcoal and 
neutralised with ammonia. The precipitate was collected, washed and dried at 100°, and, when crystallised from 
w-butanol formed colourless prisms (10-7 g.) m. p. 160—162° (Found: N, 19-2. C,3H,,0,N,S requires N, 19-2%). 

2-p-Aminobenzenesulphonamido - 4: 6-diethylpyrimidine (XIV), similarly prepared, using dipropionylmethan 
(14 g.), crystallised in colourless prisms from methanol (1-8 g.), m. p. 153—154° (Found: N, 18-3. C,,H,,0,N,S requires 
N, 184%). 

2-p-A minobenzenesulphonamido-4-methyl-6-n-amylpyrimidine (XV). p-Aminobenzenesulphonylguanidine (8-6 g,, 
hexoylacetone (Morgan and Holmes, /., 1924, 125, 760, 6-2 g.) and cyclohexanol (16 c.c.) were refluxed for 18 hours, 
The reaction product when worked up as for the 4-methyl-6-ethyl homologue, adding benzene to give better separation 
of the cyclohexanol-dilute caustic soda mixture, gave colourless prisms (4-9 g.) from aqueous methanol (4-9 g.), m. p. 
134—137° (Found ; N, 16-5. C,,H,,0O,N,S requires N, 16-8%). 

4-Chloro-2-p-nitrobenzenesulphonamido-6-methylpyrimidine (XVI).—Compound (IV) (5 g.) and phosphoryl chloride 
were refluxed together for $ hour, cooled and added to ice water. The precipitate was separated, dissolved at 40 
in water (200 c.c.), rendered alkaline with sodium hydroxide, decolourised with charcoal and precipitated with dilute 
acetic acid. The crystalline solid was separated, washed with water and dried (4 g.) under reduced pressure over 
potassium hydroxide, m. p. 203—205° (Found: Cl, 10-5. C,,H,O,N,SCI requires Cl, 10-8%). 

4-Chloro-2-p-aminobenzenesulphonamido-6-methylpyrimidine (XVIII).—Compound (XVI) (5-5 g.) was dissolved in 
water (100 c.c.) and ammonia (d 0-88; 40 c.c.) and ferrous sulphate crystals (30 g.) in water (50 c.c.) stirred in at 20°. 
The suspension was stirred during 20 minutes and filtered. The filtrate was successively made acid with hydrochloric 
acid (adding decolourising charcoal and refiltering), alkaline with ammonia, then neutral with acetic acid. The crystalline 
precipitate (3 g.) recrystallised from ethanol in colourless rectangular prisms, m. p. 138—140° decomp. (Found: (1, 
11-4. C,,H,,0O,N,SCl requires Cl, 11-9%). 

2-p-A minobenzenesulphonamido-4-amino-6-methylpyrimidine (XVII).—Ammonia gas was passed into a solution of 
(XVI, 5 g.) in phenol (20 g.) heated in a bath kept initially at 100° then raised to 140° during 15 minutes, and kept at that 
temperature for a further 15 minutes. The cooled reaction mixture was diluted with water, neutralised with acetic acid 
and the phenol removedinsteam. Theclear hot supernatant solution was decanted from insoluble matter and, on cooling, 
deposited colourless crystals. The nitro-compound (1-8 g.), m. p. 200—205° was not further purified but was reduced 
during refluxing and stirring for 40 minutes in water (100 c.c.) to which iron filings (10 g.) and concentrated hydrochlore 
acid (2 c.c.) had been added. Sodium hydroxide was added until alkaline and the hot suspension filtered. The hot 
filtrate was neutralised with acetic acid, and the crystalline precipitate which formed on cooling recrystallised from wate 
in colourless prisms (1-0 g.), m. p. 250—252° (Found: C, 46-3; H, 56:1; N, 2455. C,,H,,0,N,S,}H,O requir 
C, 46:3; H, 4:8; N, 246%). 

Oxidation of 2-p-Acetamidobenzenesulphonamido-4 : 6-dimethylpyrimidine.—Potassium permanganate (31-6 g.) was 
added over 1 hour to a mixture of 2-p-acetamidobenzenesulphonamido-4 : 6-dimethylpyrimidine (XI, 13-9 g.), wate 
(800 c.c.) and anhydrous magnesium sulphate (18 g.) stirred at 95—-100°. When the permanganate colour was discharged 
the suspension was filtered. The filtrate, on cooling, deposited colourless crystals (10 g.), m. p. 257°, undepressed 0 
admixtyre with authentic specimen of (I, X = AcNH). Refluxing with n-hydrochloric acid (80 c.c.) gave after neutralit 
ation and recrystallisation from water a crystalline solid, m. p. 185°, undepressed in admixture with authentic (|, 
X = NH,). 
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182. Characterisation of 2: 6-Dimethyl d-Galactose. 
By D. J. Bett. 


The constitution of this sugar (Oldham and Bell, J. Amer. Chem. Soc., 1938, 60, 324) has been verified by 
application of periodate oxidations to the crystalline sugar and to its B-methylgalactoside. To aid the identific- 
ation of the sugar, its properties, and those of certain derivatives, have been investigtaed; it is most easily 
characterised in the form of its aldonic acid phenylhydrazide. : 
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HE work described below was undertaken by arrangement with Dr. E. G. V. Percival as a result of investig- 
tions in progress in his laboratory which indicated the presence in a polysaccharide, obtained from the marine 
lga, Gigartina stellata, of d-galactose radicals where the hydroxyl groups on positions 3 and 4 were substituted. 
rom the methylated polysaccharide Dewar and Percival (Nature, in the press) isolated a crystalline dimethyl 
alactose which possessed the chemical characteristics of the 2 : 6-derivative, but had a m. p. lower than that 
128°) recorded by Oldham and Bell (/oc. cit.). As my original specimen had been destroyed by fire, fresh 
preparations of 2 : 6-dimethyl galactose by methylation of 3 : 4-isopropylidene $-methylgalactoside followed by 
epwise elimination of the radicals substituting positions 3, 4, and 1 were undertaken. Despite fractional 
rystallisation from a variety of solvents, almost the entire amount of each preparation had a m. p. in the 
ange of 105—108°. No higher-melting crystals were obtained; the final product had m. p. 106—108°. The 
mutarotation in water of the sugar gave values virtually identical with those found for the original preparation, 
hamely +48-2° rising to a constant rotation of +88-0°. Oldham and Bell found (for crystals of m. p. 128°) 
figures of +46-8° and +87-5°, respectively. Dewar and Percival’s substance melted at 119—120° and had 
a]p +48° rising to +87-1°. The discrepancy between the melting points recorded for various specimens of 
: 6-dimethyl galactose is probably due to the presence of varying amounts of the a-form accompanying the 
preponderating 8-form of the free sugar. 

Oxidation of the new preparations of the sugar by sodium metaperiodate in phosphate buffer (pH 7-5) 
rielded no evidence of formaldehyde production, even when treatment was prolonged. We have found 
ho instance, so far, of an aldohexose which does not yield formaldehyde under such conditions when positions 
5 and 6 are unsubstituted; it must be pointed out, however, that the yields of formaldehyde are not in every 
nstance quantitative. (Compare Reeves, J. Amer. Chem. Soc., 1941, 63, 1476; Jeanloz, Helv. Chim. Acta, 
944, 27, 1509; Bell, Rees, and Williamson, unpublished work in this laboratory.) We therefore consider that 
periodate oxidation of our sugar affords strong evidence that it is methylated in position 6. P 

The dimethyl $-methylgalactoside obtained as an intermediate in the preparation of the sugar had m. p. 
3—75° in place of the value 45-5° originally recorded for 2 : 6-dimethyl 6-methylgalactoside. [Dewar and 
Percival (loc. cit.) found 72° for their material.] As an elementary analysis of Oldham and Bell’s specimen 
has not been recorded we assume that it was impure. The new preparation consumed periodate in the pro- 
portion of one mole of reagent to one mole of glycoside, no formic acid being produced during the course of the 
bxidation. The galactoside therefore contains two, and not three, consecutive hydroxyl groups (cf. Jackson 
nd Hudson, J. Amer. Chem. Soc., 1937, 59, 994; 1939, 61, 1530; Lythgoe and Todd, /., 1944, 592). 

The results of the oxidations described above, coupled with the peviously reported formation of 6-methyl 
palactosazone by the action of excess phenylhydrazine on the sugar (Oldham and Bell, Joc. cit.) leave no 
loubt that positions 2 and 6 are etherified and that the sugar and its 8-methylgalactoside are analytically 
pure. 

The difficulty of using the m. p. of 2 : 6-dimethyl galactose as a criterion of identification led us to examine 
lerivatives of the sugar as an aid to its characterisation. We prepared a crystalline anilide by the usual 
procedure, but it proved to be unstable and analysis indicated that it was not homogeneous, an observation 
onfirmed by Dewar and Percival. <A useful derivative was found in the phenylhydrazide of 2 : 6-dimethyl 
balactonic acid which was obtained in 90% overall yield from the free sugar; it has m. p. 139—140° and proved 
0 be identical with material prepared from the sugar supplied by Dr. Percival. 


EXPERIMENTAL, 


(Glass-distilléd solvents were used throughout this work. Substances were recrystallised to constant melting-point, 
nd polarimetric observations were made in 2-dm. tubes. Solvents were evaporated under reduced pressure below 50°. 
lementary analyses were performed by Drs. Weiler and Strauss, of Oxford.) 

2:6-Dimethyl B-Methyilgalactoside.—3 : 4-isoPropylidene f-methylg&lactoside (8-0 g.) (Micheel, Ber., 1929, 62, 
87) was twice methylated by Purdie’s reagents. The product (7-5 g., 83-7%), recrystallised from ligroin (b. p. below 
0°), had m. p. 55° and [a]? —4-5° (c, 5-8; chloroform); Oldham and Bell (loc. cit.) found 56—57° and [a]p —4-46°. 
his material (7-0 g.) was dissolved in 5% aqueous acetic acid (80 ml.) and the solution heated at 95° until a constant 
olarimetric reading was observed. Evaporation of the solvent left a crystalline residue; as this proyed difficult to 
ecrystallise, it was distilled at 0-01 mm. and bath temp. 140°. The distillate set to. a hard mass of crystals, which, after 
crystallisation from chloroform-ligroin (b.-p. 60—80°), was obtained in long soft needles, m. p. 73—75°, [a]?!" —24-0° 


» 6-98; chloroform) and +2-0° (c, 10-8; water) (Found: C, 48-6; H, 8-0; OMe, 40-2. -Calc. for C,H,,0,: C, 48-7; 
» 81; OMe, 41-9%). 


Treated with sodium metaperiodate solution under the conditions of oe and Todd (loc. cit.) the galactoside con- 


med the reagent as follows : (a) 31-6 mg. reduced 28-73 mg. of periodate (0-97 millimole) ; (b) 20-0 mg. reduced 20-18 mg. 
f periodate (1-04 millimole). No titratable acid was formed during these oxidations for which the optimum time 
as found to be 4—4-5 hours. Prolonged treatment (e.g., 24 hours) results in a slow continuous uptake of periodate, 
peyond that required by theory; this has been observed with a number of different glycosides. The reason for this 
Ow periodate drift ’’ is not apparent; we understand that it has also been observed by Hirst and Jones (private 
ommunication). ; 
2 : 6-Dimethyl B-d-Galactose.—The preceding compound (3-0 g.) was dissolved in 5% hydrochloric acid (30 ml.) and the 
olution heated at 95° until a constant polarimetric reading was observed. The acid was neutralised by addition of barium 
etbonate, three volumes of acetone added to precipitate the bulk of the barium chloride and inorganic material removed 
y filtration on a bed of charcoal. The residue, obtained on evaporation of the filtrate, -was exhaustively extracted 
th dry acetone and the resultant solution evaporated to a colourless syrup. This was dissolved in hot dry ethyl acetate 
nd the solution filtered hot. On allowing the solvent to evaporate slowly in a desiccator several crops of needles (total, 
6 g.) were obtained, m. p. 103—105-5°. Identical material, m. p. 106—108°, was obtained by fractional crystallisation 


ese . using as solvent ethyl or propyl acetates and mixtures of these with varying amounts of methanol, ethanol, 
A 
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m- and isopropanol, acetone and chloroform (Found: C, 46-2; H, 7:6. Cale. for C,H,,O,: C, 46-2; H,7-7%). | 


5:4% solution of the sugar in water displayed the following rotation change : 


Time (mins.) «.........0... 0 4 9 15 41 62 71 85 1030 
[a]B* (deg.) seccccccsccceeee $450" $482 451-2 +4557 +71-0 +785 +80-2 +827 +88-0 (constant) 


* By extrapolation. 


The upward trend of the rotation indicates that the crystals of 2: 6-dimethyl galactose are essentially of th 


B-configuration. 
Oxidation of the sugar by sodium metaperiodate in a phosphate buffer (pH 7-5) for periods of from 2 to 48 hou 


yielded no evidence of the production of formaldehyde (determined as the dimedon derivative). A crystalline anilidg 
was readily obtained by heating the sugar with two equivalents of pure aniline in ethanol for six hours. The substane 


rapidly decomposed despite recrystallisation from a variety of solvents, and the analytical results were erratic. 

2 : 6-Dimethyl Galactonic Acid Phenylhydrazide.—A slight excess of undissolved bromine was maintained in a 10% 
aqueous solution of 2 : 6-dimethyl galactose (700 mg.) until no reduction of Fehling’s solution was detectable (72 hrs) 
The reaction product was isolated in the usual manner and lactonised .by heating at 120° and 0-05 mm. for one hour 
The substance, a colourless syrup (650 mg., 93-6%), had the general characteristics of a hexonolactone (Found: OMe 
30-1. Calc. for C,H,,O,: OMe, 30-9%). The crude lactone (600 mg.) was boiled for six hours with pure pheny| 
hydrazine (0-5 ml.) dissolved in dry benzene (15 ml.) containing a trace of ethanol to promote initial solution of th 
reactants. On evaporation of the solvents a mass of fine needles remained. After washing with much ether, the pheny): 
hydrazide (950 mg., 96%) melted sharply at 140°. This m. p. was not raised by crystallisation from a mixture of ethanol, 
ether, and ligroin (Found: C, 53-6; H, 7-0; N, 9:3; OMe, 19-6. C,,H,,0,N, requires C, 53:5; H, 6-9; N, 9-0; OMe 
19:7%). It had [a]? —44-8° (c, 2-25; ethanol). 


THE BIOCHEMICAL LABORATORY, CAMBRIDGE. (Received, July 26th, 1945.) 





183. Structure and Antimalarial Activity. Part I. Some Acridine Derivatives. 
By D. Muriet Hatt and E. E. Turner. 


Compounds (II) and (III), in which cyclic systems partly take the place of the carbon chain in atebrine (I), 
have been synthesised and found to be active against avian malaria. 1-Chloro-5-5-diethylamino-a-methylbutyi- 
amino-9-methylacridine was also prepared and appears to be the first 1 : 9-disubstituted 5-diethylaminoalkyl- 
aminoacridine to show antimalarial activity. 1-Chloro-5-5-diethylamino-a-methylamino-8-methylacridine also 
showed slight activity. 


Most of the compounds possessing antimalarial activity contain not less than two basic centres: it is 
probable that there is some stereospecificity in the action of these compounds on living material and 
therefore their configuration, whether fixed or “‘ preferred,’’ and in particular the distance apart of the two 
basic centres, may be of considerable importance. 

Some evidence on this point seemed to be obtainable from a comparison of atebrine (I) with a compound 
in which part of the carbon chain in the -NH-CHMe-(CH,),-NEt, radical (R) is made part of an alicyclic ring, 
thus fixing the relative positions in space of the two nitrogen atoms in the radical. 

We have therefore prepared 2-chloro-5-(2'-diethylaminocyclohexylamino)-1-methoxyacridine (II), in which, 
as can be seen by an inspection of a model (of either the cis or trans form), the NH and NEt, groups ar 
separated in space by approximately the same distance as these groups are in a possible preferred configur 
ation of the radical in atebrine. The hydrochloride of (II) was in fact active against Plasmodium relictum. 


Et,N Et,N—CH, 
»CH-CH 
NHCHMe(CH,),NEt, NH—C * Ch, NH 
\cH,-CH,% 
Me Me M 

cl Cl i 

¥ N 

(I.) (II.) (I11.) 


It then became of interest to discover the effect of replacing two of the aliphatic chain carbon atoms by 
two carbon atoms forming part of a benzene nucleus. We therefore prepared 2-chloro-5-w-diethylamin 
o-toluidino-T-methoxyacridine (III) by condensing 2: 5-dichloro-7-methoxyacridine with _o-aminobenzy+ 
diethylamine. This compound showed definite antimalarial activity, but the subsequently synthesise 
compound (IV), in which the chlorine atom and the methoxyl group are absent, was inactive, as perhaps 
.was to be anticipated. 

_ Magidson and Grigorovski (Ber., 1936, 69, 396) stated that, in their experience, activity with the atebrit 
type of molecule was not shown by compounds unsubstituted in either the 2 or the 3 position. With tb 
- development of the Jamison and Turner method of preparing acridones (J., 1937, 1954), it became possible 
to synthesise the otherwise rather inaccessible compound, 1 : 5-dichloro-9-methylacridine, and thence 1-chlor 
5-8-diethylamino-a-methyloutylamino-9-methylacridine (V), which showed definite activity and appears to 
the first known example of a 1 : 9-disubstituted-5-diethylaminoalkylaminoacridine to do so. On the othe! 
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hand, (VI; * = 2 or 3) was inactive. Similarly, (VII), in which the aromatic group replaces the aliphatic 
group, was devoid of activity. 


Et,N—CH, 


NH NHCHMe(CH,),NEt, NH(CH,),NEt, 


N : N Me 1 N Me 


(IV.) (V.) (VI.) 


Rather strikingly, variation of the position of the chlorine atom in (V), or removal of chlorine atom or 
the methyl group, was accompanied by total disappearance of activity (compounds VIII; R’ = Clor H, R = 
NHCHMe(CH,),NEt, and IX; R’ = H; R = NHCHMe(CH,),NEt,). On the other hand, compound (IX), 
where R = NHCHMe(CH,),NEt, and R’ = CH;, in which the 9-position of the methyl group has been altered 
to the 8-position, showed slight activity against P. gallinaceum but was inactive against P. relictum. 


pin 


oxy OQ KO 


(VII.) (VIII.) (IX.) 


Substitution of the aliphatic chain in atebrine by the 2-thiazolyl group gave a compound (X) which was 
very sparingly soluble in hydrochlorie acid, and a suspension of the “‘ base ’’ in aqueous gelatin was inactive. 

For the synthesis of compound (II) 2-diethylaminocyclohexylamine was required. Various methods were 
tried for the synthesis of this base. The successful one was the interaction of 2-chlorocyclohexyldiethylamine 
with ammonia over a long period. The chloro-compound was obtained by treating the corresponding 
hydroxy-compound with. thionyl chloride although Osterberg and Kendall (J. Amer. Chem. Soc., 1920, 42, 
2616) found 2-aminocyclohexanol to be unaffected by this reagent. The configuration of the 2-diethyl- 
aminocyclohexylamine isolated is not certain, and similar uncertainty attaches to the configuration of 
2-diethylaminocyclohexanol (cf. Osterberg and Kendall, ibid., 1921, 43, 1370; Heckel and Adams, ibid., 
1927, 49, 1303). Condensation of 2-diethylaminocyclohexylamine with 2 : 5-dichloro-7-methoxyacridine in 
phenol gave (II), together with 2-chloro-5-phenoxy-7-methoxyacridine and a little 2-chloro-7-methoxyacridone. 

In connection with the Jamison—Turner synthesis of acridones, it was found that satisfactory yields of 
o-chlorophenylbenzimino-6’-carbomethoxy-2’-methylphenyl ether were obtained using a smaller proportion, 
viz., only one molecule of methyl o-cresotate to one molecule of benz-o-chloroanilideiminochloride. The 
hydrolysis of methyl 2-chloro-N-benzoyl-2’-methyldiphenylamine-6’-carboxylate, obtained from the above 
imino ether, could be carried out using excess of caustic soda without the benzoyl group being attacked. 
Removal of the latter could only be achieved by using a large excess of strong alkali. This is evidently a 
steric effect of the kind noticed by Chapman (J., 1929, 569). 

The standard method for the preparation of N-substituted 5-aminoacridines is the condensation of the 
appropriate substituted amine with 5-chloroacridine in the prgsence of phenol (Magidson and Grigorovski, 
loc. cit.). "These authors found the presence of phenol to be essential for condensations with aliphatic amines, 
and concluded that the formation of 5-phenoxyacridine is an intermediate stage in the reaction, since 
5-phenoxyacridines react readily with amines. In the present work the Magidson-Grigorovski method was 
successful with the aliphatic bases but failed entirely with the aromatic base, o-aminobenzyldiethylamine. 
For this and similar bases, a new method was developed in which the reactants were heated together in 
toluene solution. Unchanged 5-chloroacridine was readily removed by treatment with hydrochloric acid, 
since the hydrochlorides of 5-chloroacridines are very much less water-soluble than those of the condensation 
products. 

The condensation of $-diethylaminoethylamine with 1 : 5-dichloro-9-methylacridine could be carried out 
by both methods but that with toluene gave a better yield. This was the only case in which a condensation 
with an aliphatic base was actually effected in toluene. In an attempt to prepare atebrine in toluene, 75% 
of the 2 : §-dichloro-7-methoxyacridine used was recovered unchanged. 

When the condensation producing (III) was attempted in phenol 2-chlovo-7-methoxy-5 : 10-dihydroacridine 
was obtained as a by-product. 


The acridines, except (X), were tested as the water-soluble hydrochlorides, which in most cases were not 
analysed. 
The pharmacological tests were done by Dr. Ann Bishop of the Molteno Institute on Plasmodium relictum 


and by Imperial Chemical Industries, Ltd., and Miss I. Tonkin of the National Institute for Medical Research 
on P. gallinaceum. 
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EXPERIMENTAL, 


The method for preparing o-nitrobenzyldiethylamine of Noelting and Kregczy (Bull. Soc. chim., 1916, (4), 19, 335) 
was modified as follows: a mixture of diethylamine (60 g.; 2-5 mols.), alcohol (44 c.c.) and o-nitrobenzyl chloride 
(57 g.; 1 mol.) was boiled under reflux for 1 hour; most of the solvent was distilled off, water and then alkali added 
and the o-nitrobenzyldiethylamine extracted with ether. o-Nitrobenzyldiethylamine (63-5 g., 91% yield) having b. p, 
163—164°/28 mm., 158°/20 mm., 143—144°/11 mm., was obtained. The picrate (Found: N; 16-1. Calc.: N, 16-0%) 
made in alcoholic solution, had m. p. 123—124°; Noelting and Kregczy (loc. cit.) give m. p. 117°. 

o-Aminobenzyldiethylamine, obtained by reducing the nitro compound in alcoholic solution with hydrogen in the 
presence of Raney nickel, had b. p. 152°/40 mm. 0-Acetamidobenzyldiethylamine crystallised from alcohol in prisms, 
m. p. 89—90° (Found: N, 12-9. C,,H ON, requires N, 12-7%). 

p-A minobenzyldiethylamine.—Catalytic reduction of -nitrobenzyldiethylamine gave »-aminobenzyldiethylamine, 
b. p. 145°/12 mm., which subsequently solidified and then crystallised from ligroin (b. p. 60—80°) in prisms, m. p, 
46—47° (Found: N, 15-8. Calc.: N, 15-7%). The dipicrate had m. p. 135°. (Noelting and Kregczy, loc. cit., give 
m. p. 130° and describe the amino-compound as a liquid.) 

Diethylaminoacetonitrile was obtained in 96% yield by Luten’s method (J. Org. Chem., 1939, 8, 588). The picray 
crystallised from alcohol in yellow needles, m. p. 155° (Found: N, 20-7. C,,H,,0,N, requires N, 20-5%). B-Diethy}. 
aminoethylamine was obtained by reducing the nitrile (30 g.) in absolute alcoholic solution (525 c.c.) by means of 
sodium (50 g.). The mixture, after acidification with hydrochloric acid, was evaporated to dryness and the alcoholic 
extract of the residue evaporated. The hydrochloride was treated with concentrated potassium hydroxide solution 
and the mixture extracted with benzene. Distillation gave the base in 33% yield, b. p. 149°/764 mm. The dipicrate 
had m. p. 209° (decomp.). Ristenpart (Ber., 1896, 29, 2526) gave m. p. 211° (decomp.) and was unable to obtain a 
monopicrate, but we obtained this as yellow plates from alcohol, m. p. 115° (Found: N, 20-6. C,,H,,0,N, requires \, 
20°3%). The dioxalate crystallised from aqueous oxalic acid in needles, m. p. 178° (decomp.) (Found: N, 93. 
Ci9HgO,N, requires N, 9-45%). ‘ 

2-Diethylaminocyclohexanol, prepared by the method of Brunel (Ann: Chim., 1905, (8), 6, 200), gave a picrate which 
crystallised from benzene in yellow rhombic prisms, m. p. 94—95° (Found: N, 14-4. C,,.H,,O,N, requires N, 14-()%). 

2-Diethylaminocyclohexanol (20 g., 1 mol.) was added gradually to thionyl chloride (28 g., 2 mols.) with cooling. 
The initially vigorous reaction was completed by heating at about 90°. Excess of thionyl chloride was boiled off and 
water added, followed by solid sodium carbonate. Extraction with ether, etc., gave 2-chlorocyclohexyldiethylamine 
(13-5 g., 61%) as a colourless liquid, b. p. 108°/13 mm. The Picrate was precipitated from alcoholic solution by ligroin 
(b. p. 40—60°) ; it crystallised from 30% alcohol in yellow rhombic prisms, m. p. 121° (Found : N, 13-45. C,,H,;0,N,(I 
requires N, 13-4%). A mixture of 2-chlorocyclohexyldiethylamine (12 g.) and ammonia (d 0-88, 100 c.c.) was kept 
for several months. The mixture was extracted with ether, the extract dried over potassium carbonate and distilled 
under diminished pressure. The crude 2-diethylaminocyclohexylamine (4 g., 37%) had b. p. 102°/13 mm.—103°/12 mm. 
The dipicrate was precipitated from alcoholic solution with ligroin (b. p. 40—60°) and crystallised from water in small 
yellow prisms, m. p. 192—193° (Found: C, 42-4; H, 4:3; N, 17-8. CygH,.0,,N, requires C, 42-0; H, 4-5; N, 17-8%). 

Under the conditions given by Weissenberger (Monatsh,, 1912, 38, 821) for the condensation of diethylamine and 
o-chloronitrobenzene almost all the latter was unchanged, but by heating o-chloronitrobenzene with excess of diethyl- 
amine (2-2 mols.) in the presence of a catalytic quantity of copper bronze and omitting a solvent (22 hours at 103—105" 
a 68% yield of o-nitrodiethylaniline was obtained. The base was purified by distillation in superheated steam or 
through the picrate (m. p. 123—124°; Weissenberger, Joc. cit., gives m. p. 119—120°). Some specimens of the base 
decomposed violently on attempted distillation under diminished pressure. 

NN-Diethyl-o-phenylenediamine, b. p. 127°/25 mm., was obtained in 77% yield by the reduction of o-nitrodiethyl- 
aniline with iron, water and acetic acid. The monopicrate crystallised from alcohol in orange prisms, m. p. 162 
(Found: C, 49-0; H, 5-0; N, 17-4. C,,H,O,N, requires C, 48-85; H, 4-9; N, 17-8%. The dipicrate, C,,H,.0,,\,, 
requires C, 42-45; H, 3-6; N, 18-0%). Weissenberger (loc. cit.) described a picrate, m. p. 236° (Found: N, 17-96%) 
to which he gave the formula C,)H,,N,,C,H,O,N;. Presumably His compound was the dipicrate. 0-(p-Jolwene- 
sulphonamido)-diethylaniline crystallised from aqueous alcohol in prisms, m. p. 64—65° (Found: C, 64-4; H, 725. 
C,,H,,0,N,S requires C, 64:1; H, 7-0%). 

The hydrochloride of NN-diethyl-o-phenylenediamine was prepared by passing hydrogen chloride into a solution 
of the base in ligroin (b. p. 60—80°) and reduced in 50% alcoholic solution with hydrogen in the presence of Adams 
platinum oxide—platinum black catalyst (compare Hiers and Adams, Ber., 1926, 59, 162). The product, apart from 
some unchanged NN-diethyl-o-phenylenediamine, consisted entirely of cyclohexylamine, which was identified as the 
picrate, m. p. 157—158°, the acetyl derivative, m. p. 106°, and the benzoyl derivative, m. p. 148—149°; the p-foluene- 
sulphonyl derivative, m. p. 86—87°, crystallised from aqueous alcohol in needles (Found: C, 61-1; H, 7:4; N, 5%. 
C,3H,,O,NS requires C, 61-6; H, 7-6; N, 55%). No 2-diethylaminocyclohexylamine could be detected. (Compare 
Greenstein and Wyman, J]. Amer. Chem. Soc., 1938, 60, 2341, who found that, while m- and p-aminobenzoic acids were 
soy. hydrogenated using Adams’ platinum oxide—platinum black catalyst, anthranilic acid gave hexahydrobenzoc 
acid. 

The chlorination of toluene by the method of Silberrad (J., 1925, 2677) gave a mixture of mono-, di- and trichloro- 
toluenes, which were separated by fractional distillation with an 8” Young pear column. 2: 4-Dichlorotoluene, b. P. 
197—201°, was obtained in 28% yield. The oxidation of 2 : 4-dichlorotoluene with dilute permanganate (Bornwate 
and Holleman, Rec. trav. chim., 1912, 31, 221) or chromic acid gave very low yields of 2 : 4-dichlorobenzoic acid. The 
acid was best obtained by the hydrolysis in 85% yield of 2: 4-dichlorobenzonitrile with 80% sulphuric acid. The 
nitrile was prepared from 2: 4-dichloroaniline (Gomberg and Cone, Annalen, 1909, 370, 142). 3-Chloro-4’-methoxy- 
diphenylamine-6-carboxylic acid was obtained in 77% yield by usual methods. The sparingly soluble potassium salt 
crystallised in fine needles. ; 

5-Chloroacridines were prepared from the corresponding diphenylamine-2-carboxylic acids by adding the acid 
gradually to an excess of phosphoryl chloride (2—3 mols.) and heating the mixture at 140° for 1 hour. The product 
was treated with ice-water, ground with ammonia and the chloroacridine dried and crystallised. = 

Condensations of bases with 5-chloroacridines in phenol solution were carried out as follows: The chloroacridine 
was dissolved in an excess of warm phenol (6 mols.) and the base (1-3 mols.) added. The mixture was heated at 100 
for 2 hours, poured into boiling 10% sodium hydroxide solution and the substance separating (usually a gum) w ash 
— alkali and water. It was usually purified through the hydrochloride and, if still not crystalline, converted into 

€ picrate. 

ondensations in toluene solution were carried out by boiling a mixture of the chloroacridine, toluene and the base 
(2-5 mols.) for 2 hours. The mixture was washed with alkali and water; the solvent and excess of base were remov 
by a under diminished pressure. The residue was purified, usually through the hydrochloride, and 
crystallised. 
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2 : 5-Dichloro-7-methoxyacridine was obtained from 3-chloro-4’-methoxydiphenylamine-6-carboxylic acid in 87% 
yield. It crystallised from light petroleum (b. p. 80—100°) in yellow needles, m. p. 164° (Magidson and Grigorovski, 
joc. cit., and Mauss, D.R.P. 565,411, give m. p. 160—161°). i 

2-Chloro-5-(2’-diethylaminocyclohexylamino)-7-methoxyacridine (I1).—2 : 5-Dichloro-7-methoxyacridine (4:2 g.) was 
condensed with 2-diethylaminocyclohexylamine in phenol solution. The yellow gum obtained rapidly went solid and 
was separated into three substances by repeated fractional crystallisation from alcohol, (a) a small amount of 2-chloro- 
7-methoxyacridone, m. p. >280°, (b) 2-chloro-5-phenoxy-7-methoxyacridine, m. p. and mixed m. p. with authentic 
specimen, 156° (Mietzsch and Mauss, D.R.-P. 553,072 give m. p. 152—153°), (c) a solid, crystallising from alcohol in 
yellow flat needles, m. p. 180—181°, from which 2-chloro-5-(2’-dtethylaminocyclohexylamino)-7-methoxyacridine was 
isolated as the hydrochloride, which crystallised from water in yellow microscopic plates, m. p. 223° (Found: C, 54-6; 
H, 7-4; N, 7-5. C,H gON,Cl,2HC1,2H,O requires C, 55-3; H, 7-0; N, 81%). 

2-Chloro-5-w-diethylamino-o-toluidino-7-methoxyacridine (III).—(1) Condensation of 2 : 5-dichloro-7-methoxyacridine 
with o-aminobenzyldiethylamine in phenol solution gave none of the required compound but a considerable amount of 
2-chloro-5 : 10-dihydroxy-7-methoxyacridine was obtained. It crystallised from benzene in light yellow needles, m. p. 
187—188° (Found: N, 5-75. C,,H,,ONCl1 requires N, 5-7%). (2) Condensation in toluene solution (1-6 g. of 
chloroacridine) gave a dark red residue which was extracted with hydrochloric acid and the solution treated with 
potassium iodide; the sparingly soluble hydriodide was filtered off, dissolved in a large volume of water and the 
solution treated with ammonia. 2-Chloro-5-w-diethylamino-o-toluidino-7-methoxyacridine was precipitated as a yellow 
solid, which gave orange crystals, m. p. 113—114°, from ligroin (b. p. 80—100°) (Found: C, 71-2; H, 6-1. C,,;H,,ON,Cl 
requires C, 71-5; H, 6-2%). Omce the base had been obtained crystalline purification through the hydriodide was 
unnecessary (yield 20%). 

The preparation of N-phenylbenzimino-o-carbomethoxyphenyl ether was carried out with three variations. 
(1) Sodium (2-35 g., 1 atom) was dissolved in alcohol (150 c.c.) and methyl salicylate (15-5 g., 1 mol.) added, 
immediately followed by a solution of benzanilideiminochloride (22 g., 1 mol.) in 200 c.c. of dry ether. The mixture 
was kept overnight, made just acid with dilute hydrochloric acid and the solution buffered with sodium acetate. 
Unchanged methyl salicylate was removed in steam. The yield of imino-ether was 18-5 g. (54%). (2) Using sodium 
(2-9 g., 1-25 atoms) and methyl salicylate (19-4 g., 1-25 mols.) the yield was 21 g. (62%). (3) Using sodium (3-5 g., 
1-5 atoms) and methyl salicylate (23-25 g., 1-5 mols.) the yield was 21 g. (62%). 

Methyl N-benzoyl-N-phenylanthranilate, obtained by heating the imino-ether, was hydrolysed with excess of 
boiling aqueous alcoholic alkali. The N-phenylanthranilic acid was obtained in 78% yield, m. p. 184—186°. 
5-Chloroacridine was obtained from N-phenylanthranilic acid in 60% yield and crystallised from ligroin (b. p. 80—100°) 
(Soxhlet) in yellow needles, m. p. 119—120°, which turned brown after keeping for some time. The method of Drozdov 
(J. Gen. Chem. Russia, 1934, 4, 117) proved unsatisfactory. 

5-w-Diethylamino-o-toluidinoacridine (IV) was obtained by the condensation of 5-chloroacridine (3-3 g.) with 
o-aminobenzyldiethylamine in toluene solution. The product was dissolved in dry benzene (1 1.) and passed through 


8 a short column (6”) of Birlec alumina. The filtrate and washings were evaporated to dryness, the residue converted 


into the hydrochloride and the base reprecipitated with ammonia. 5-w-Diethylamino-o-toluidinoacridine separated as 
a gum which slowly solidified. It crystallised from alcohol in yellow prisms, m. p. 137—138° (Found: C, 80-7; 
H, 6-9. C,,H,,N, requires C, 81-1; H, 7-1%). Condensations in phenol solution gave a mixture from which only 
5: 10-dihydroacridine could be isolated (Found: C, 85-4; H, 6:2; N, 8-1. Calc., C, 86-2; H, 6-1; N, 7-7%). 

Attempts to esterify o-cresotic acid in the presence of dry hydrogen chloride were unsuccessful. The acid chloride 
was prepared by adding o-cresotic acid (152 g.) to thionyl chloride (149 g.) in benzene (90 c.c.) heated under reflux. 
When the reaction was complete, excess of thionyl chloride was removed and methanol (100 c.c.) added. The methyl 
o-cresotate (142 g., 86%) was washed with water, dried over sodium sulphate and distilled under diminished pressure, 
b. p. 120°/20 mm. Sodium (9-7 g., 1 atom) was dissolved in alcohol (525 c.c.), the solution c6oled to 25° and methyl 
o-cresotate (70 g.) added, followed immediately by benz-o-chloroanilideiminochloride (105 g.) dissolved in dry ether. 
The mixture was kept for 2 hours and most of the alcohol distilled off. The product was poured into water and the 
o-chlorophenylbenzimino-6’-carbomethoxy-2’-méthylphenyl ether crystallised from methyl alcohol (yield, 115-5 g., 
72%), m. p. 85°. 


A solution of methyl 2-chloro-N-benzoyl-2’-methyldiphenylamine-6’-carboxylic acid (obtained by heating the 
above imino-ether, 40 g.) in alcohol (300 c.c.) was heated under reflux at 100° with caustic soda (10-5 g., 2 mols.) in 
water (20 c.c.) for 14 hours. The alcohol was distilled off, water added, and the acid precipitated with hydrochloric 


acid. 2-Chloro-N-benzoyl-2’-methyldiphenylamine-6’-carboxylic acid (35-5 g., 92%) crystallised from acetone-ligroin 
(b. p. 40—60°) in needles and prisms, m. p. 198—199°. The sodium salt crystallised from water in hexagonal plates, 
m. p. 73°, decomposing at 106° (Found: H,O, 24-5. C,,H,,O,NCINa,7H,O requires H,O, 245%). The salt was 
soluble in benzene, alcohol, acetone and chloroform and insoluble in gther and ligroin. It lost water of crystallisation 
at 100° and the anhydrous salt was insoluble in benzene. A solution of the benzoyl compound (10 g.) in a mixture of 
alcohol (50 c.c.), caustic soda (85 g.) and water (100 c.c.) was boiled under a reflux for 2 hours and the alcohol then 
evaporated; heating was continued for another 4 hours. The product was dissolved in water, hydrochloric acid 
added and the precipitate extracted with hot water to remove benzoic acid. Unhydrolysed benzoyl compound was 
removed by repeated crystallisation from first benzene and then glacial acetic acid, and pure 2-chloro-2’-methyldiphenyl- 
amine-6'-carboxylic acid, m. p. 181—182°, obtained (Found : N, 5-2. C,,H,,0,NCI requires N, 5°35%). 
1-Chloro-9-methylacridone.—2-Chloro-N-benzoyl-2’-methyldiphenylamine-6’-carboxylic acid (20 g.) was heated at 
240°; the reaction was strongly exothermic, the temperature rising to 275°. After 10 mins. the liquid was allowed to 
cool and the resulting solid extracted 3 times with hot water to remove benzoic acid. The 1-chloro-9-methylacridone 
(11-5 g., 86%) crystallised from alcohol in glistening, light yellow-brown needles, m. p. 197—198° (Found: N, 5-65. 
C,,H;ONCI requires N, 5-75%). 1: 5-Dichloro-9-methylacridine was obtained in 89% yield from 1-chloro-9-methyl- 
acridone (5 g.) by the method used for the preparation of 5-chloroacridines from diphenylamine-2-carboxylic acids. 
It crystallised from ligroin (b. p. 60—80°), using a Soxhlet extractor, in pale yellow needles, m. p. 169—170° (Found : 
N, 5:3. C,,H,NCl, requires N, 5°3%). The hydrochloride was brick-red in the presence of concentrated hydrochloric 
acid but almost colourless in the presence of dilute acid. 
1-Chlovo-5-8-diethylamino-a-methyloutylamino-9-methylacridine (V).—1 : 5-Dichloro-9-methylacridine (2-6 g.) was 
Parnes with 2-amino-5-diethylaminopentane in phenol solution. Neither the acridine, the hydrochloride nor the 
Tide would crystallise, even after passing a benzene solution of the acridine through a column of Birlec alumina. 
a therefore purified by conversion into 1-chloro-5-8-diethylamino-a-methylbutylamino-9-methylacridine dipicrate, 
C ch crystallised from acetone in yellow prisms, m. p. 183° (a-form) (Found: C, 50-55; H, 4:6; N, 148. 
asH5,0,,.N,Cl,C,H,O requires C, 50-7; H, 4:7; N, 140%). A subsequent preparation of the dipicrate gave a product 
with m. p- 153° (B-form) (Found: C, 50-9; H, 4:9; N, 146%). It was then found that the a-form had gradually 


rage roe the £-form and melted at 154°. The melt of the 8-form solidified to the a-form, which again showed the 
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1-Chloro-5-B-diethylaminoethylamino-9-methylacridine (V1; * = 2).—(1) 1: 5-Dichloro-9-methylacridine (2-1 g.) con. 
densed with f-diethylaminoethylamine (2 mols.) .in phenol solution to give a product, which, after extraction with 
chloroform and removal of the solvent, gave a solid residue; fractional crystallisation of the latter from ligroin (b. p, 
60—80°) gave a yellow substance, A, m. p. 170—-172°, some 1-chloro-9-methylacridone, m. p. 193—194°, and yellow 
prismatic needles (0-35 g., 11%), m. p. 89—90°, of 1-chloro-5-B-diethylaminoethylamino-9-methylacridine (Found: 
C, 70-35; H, 7:25; N, 12-3. C,,H,,N;Cl requires C, 70-3; H, 7-1; N, 12-3%). (2) The condensation in toluene 
solution gave a product which was fractionally crystallised from ligroin (b. p. 60—80°) into unchanged 1 : 5-dichloro. 
9-methylacridine and 1-chloro-5--diethylaminoethylamino-9-methylacridine; the latter, after being purified through 
the hydrochloride and crystallised from ligroin (b. p. 60—80°), had m. p. 89—90°. Yield 32%. 
1-Chloro-5-y-diethylaminopropylamino-9-methylacridine (V1; x = 3).—Condensation of 1 : 5-dichloro-9-methylacridine 
(5-2 g.) with 3-diethylaminopropylamine in phenol solution gave a yellow oil. On treatment with dilute hydrochloric 
acid, part dissolved and part separated as an orange solid; the latter on treatment with ammonia gave 1-chloro. 
9-methylacridone (1-5 g.). Addition of ammonia to the filtrate precipitated 1-chloro-5-y-diethylaminopropylamino. 
9-methylacridine as a yellow solid which crystallised from alcohol (charcoal) in yellow hexagonal plates (1-5 g., 21%), 
m. p. 94° (Found: C, 70-1; H, 7-5. C,,H,,N,Cl requires C, 70-9; H, 7-4%). The hydrochloride was prepared by 
adding concentrated hydrochloric acid to a solution of the base in acetone. 
1-Chloro-5-w-diethylamino-o-toluidino-9-methylacridine (VII).—A mixture of 1 : 5-dichloro-9-methylacridine (12 ¢.), 
toluene, o-aminobenzyldiethylamine and a little copper bronze was boiled for 20 hours. The 1-chloro-5-w-diethyl. 
amino-0-toluidino-9-methylacridine was separated from unchanged 1 : 5-dichloro-9-methylacridine through the hydro- 
chloride. It crystallised from ligroin (b. p. 80—100°) in orange-yellow pointed prisms (3-5 g., 19%), m. p. 165—166° 
(Found : C, 74-4; H, 6-8; N, 10-3. C,,H,,N,Cl requires C, 74-3; H, 6-5; N, 10-4%). 
5-Chlovro-2’-methyldiphenylamine-2-carboxylic Acid.—A mixture of potassium 2 : 4-dichlorobenzoate (23 g.), o-toluidine 
(64 g.), potassium carbonate (10 g.), copper bronze (1 g.) and amyl alcohol (60 c.c.) was boiled for 6 hours. Sodium 
hydroxide was added and, after steam distillation, the acid was precipitated with hydrochloric acid. It was dissolved 
in sodium carbonate solution, reprecipitated and crystallised from alcohol (charcoal). Yield, 15-5 g. (60%). 5-Ciiloro- 
2’-methyldiphenylamine-2-carboxylic acid forms rectangular needles, m. p. 216—217° (decomp.) (Found: N, 5:3. 
C,,H,,0,NCl requires N, 5-4%). 2: 5-Dichloro-9-methylacridine was prepared from 5-chloro-2’-methyldiphenylamine- 
2-carboxylic acid (14 g.) and crystallised from light petroleum (b. p. 80—100°) in pale yellow needles (13 g., 93%), 
m. p. 149° (Found: Cl, 26-6. C,,H,NCl, requires Cl, 27-0%). 
2-Chloro-5-8-diethylamino-a-methylbutylamino-9-methylacridine (VIII; R = NHCHMe(CH,),NEt,; R’ = Cl).—2:5- 
Dichloro-9-methylacridine (5-0 g.) was condensed with 2-amino-5-diethylaminopentane in phenol solution. The 
product was taken through the hydrochloride and then converted into the picrate in alcoholic solution. 2-Chioro- 
5-8-diethylamino-a-methylbutylamino-9-methylacridine dipicrate crystallised (12 g., 75%) from acetone in yellow plates, 
m. p. 189—190° (Found: C, 49-4; H, 4-4; N; 15:3. C,,H,,0,,N,Cl requires C, 49-9; H, 4:3; N, 15-0%). 
2’-Methyldiphenylamine-2-carboxylic acid was obtained in 73% yield, m. p. 190—191° (Ullmann, Annalen, 1907, 
355, 312, gives m. p. 185°; Lehmstedt, Bruns and Klee, Ber., 1936, 69, 2399, give m. P. 189°). Thé acid was converted 
into 5-chloro-1-methylacridine (yield, 76%), m. p. 94°, by the method of Gleu and Nitzsche (J. prakt. Chem., 1939, 153, 200). 
5-8-Diethylamino-a-methylbutylamino-\-methylacridine (VIII1; R = NHCHMe(CH,),NEt,; R’ = H).—5-Chloro- 
l-methylacridine (5 g.) was condensed with 2-amino-5-diethylaminopentane in phenol solution. The yellow gum 
obtained was extracted with chloroform and filtered from a small amount of sparingly soluble material. The solvent 
was removed and the residue converted into the picrate in alcohol. 5-8-Diethylamino-a-methylbutylamino-1-methyl- 
acridine dipicrate (11 g., 62%) crystallised from methyl alcohol in yellow irregular prisms, m. p. 153—154° (Found: 
C, 51-7; H, 4-8; N, 16-4. C;,H;,0,,N, requires C, 52-0; H, 4-6; N, 15-6%). 
2’-Chlorodiphenylamine-2-carboxylic acid was obtained in 65% yield, m. p. 195—196°, by the method of Ullmann 
(loc. cit.), who gave m. p. 192°. This acid (10 g.) was treated with phosphoryl chloride inthe usual way. Crystallisation 
of the product from benzene, chloroform or acetone gave mainly 1-chloroacridone, which crystallised from chlorobenzene 
in pale yellow needles, m. p. >250° (Found: Cl, 16-0. Calc. for C;,H,ONCI: Cl, 15-4%). This was heated for 3 hours 
with phosphoryl chloride and the crude 1: 5-dichloroacridine obtairied used for condensations with bases without 
further purification. 
1-Chloro-5-8-diethylamino-a-methylbutylaminoacridine (IX; R = NHCHMe(CH,),NEt,; R’ = H).—Crude 1: 5-di- 
chloroacridine ( 5 g.) was condensed with 2-amino-5-diethylaminopentane in phenol solution. The yellow gum obtained 
was extracted with chloroform and filtered from the insoluble solid residue (1-3 g.)}._ After removal of the solvent, the 
gum was taken through the hydrochloride and reprecipitated with ammonia. It was then extracted with benzene and 
converted into the picrate in benzene solution. 1-Chloro-5-3-diethylamino-a-methylbutylaminoacridine dipicrate crystal- 
lised (4:9 g., 30%) from acetone—alcohol (1:1), m. p. 163—164° (Found: C, 49-4; H, 4:3; N, 15-4. C,,H,,0,,N,C 
requires C, 49-3; H, 4-1; N, 15:2%). 
m-Bromo-p-toluidine hydrochloride was converted into the nitrile in 30% yield by diazotisation and treatment with 
cuprous cyanide (Claus and Kunath, J. prakt. Chem., 1889, 39, 485). The nitrile was hydrolysed to the acid in over 
90% yield when boiled for 8 hours with 20% sodium hydroxide solution. Hydrolysis with alcoholic potash or 70% 
sulphuric acid gave lower yields. A mixture of potassium m-bromo-p-toluate (20 g.), o-chloroaniline (30 g.), potassium 
carbonate (5-5 g.), copper bronze (1 g.) and amyl alcohol (50 c.c.) was boiled for 6 hours. After steam distillation the 
solution was filtered hot and the acid precipitated with hydrochloric acid and crystallised (12 g., 60%) from benzene ot 
alcohol (charcoal). 2’-Chloro-5-methyldiphenylamine-2-carboxylic acid crystallised from benzene in rectangular plates, 
m. p. 217° (decomp.) (Found: N, 5:4. C,,H,,0,NCl requires N, 5-4%). 1: 5-Dichloro-8-methylacridine was prepared 
from 2’-chloro-5-methyldiphenylamine-2-carboxylic acid (11 g.) but the reaction mixture was heated at 115° instead 
of 140° as higher temperatures gave lower yields. The crude acridine was extracted with light petroleum (b. p. 60—80) 
in a Soxhlet extractor. Concentration of the solution gave impure 1 : 5-dichloro-8-methylacridine; crystallisation 
from benzene ee light brown needles (4-4 g.; 40%), m. p. 152° (Found: Cl, 26-7. C,,H,NCl, requires Cl, 27-0%). 
1-Chloro-5-3-diethylamino-a-methylbutylamino-8-methylacridine (IX; R = NHCHMe(CH,),NEt,; R’ = CH,).—The 
method of Burckhalter, Jones, Holcomb and Sweet (J. Amer. Chem. Soc., 1943, 65, 2012) was adapted. 1 : 5-Dichloro- 
8-methylacridine (7 g.) was heated with phenol (30 g.) for 15 mins. and potassium carbonate (1-8 g.) and 2-amino- 
5-diethylaminopentane (4:2 g.) added. Heating was continued for 4 hours and the hot product poured into ethet 
(250 c.c.). After washing with 10% sodium hydroxide solution and water, the ethereal solution was filtered and dried ovet 
potassium carbonate. A little was taken down to dryness and the residue converted into the picrate in alcoholic 
solution. This proved to be unsuitable as a means of purification, since repeated crystallisations did not give a sub- 
stance of sharp melting point. The rest of the ethereal solution was treated with hydrogen chloride and the flocculett 
precipitate of 1-chloro-5-8-diethylamino-a-methylbutylamino-8-methylacridine hydrochioride filtered rapidly, dissolved 
a little water, filtered and the filtrate evaporated to dryness in vacuum over sodium hydroxide. It crystallised from 
alcohol-ether as a yellow microcrystalline powder (Found, on material dried at 30° in vacuum: C, 59-1; H, 7°45: 
N, 8:8. C,3H3,N;Cl;,$}H,O requires C, 59-3; H, 7-1; N, 9-0%). 
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2-Chlovo-5-(2'-thiazolylamino)-7-methoxyacridine (X.)—2 : 5-Dichloro-7-methoxyacridine (5-6 g.) was condensed with 
-.aminothiazole in phenol solution at 110° for 3 hours. Crystallisation of the product from cyclohexanol—alcohol gave 
-chlovo-5-(2’-thiazolylamino)-7-methoxyacridine (4-5 g., 66%) as a red microcrystalline powder, m. p. 246° (Found : 
60-2; H, 3-9; N, 12-2. C,,H,,ON,CIS requires C, 59-7; H, 3-5; N, 12°3%). 

The 5-aminoacridine hydrochlorides were prepared, except where otherwise stated, by dissolving the free base in 





Hilute hydrochloric acid and evaporating to dryness in vacuum over sodium hydroxide. 


Microanalyses were carried out by Drs. G. Weiler and F. B. Strauss of Oxford. 
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84. Structure and Antimalarial Activity. Part II. isoAlloxazines, Quinoxalines, 
and Quinoxalocyclopentadienes. 
By D. Murret Hatt and E. E. Turner. 


Condensations of substituted o-phenylenediamines with (1) alloxan and (2) 1 : 3-diphenylcyclopentane- 
2:4: 5-trione gave isoalloxazines and quinoxalocyclopentadienes. 5 : 6-Diaminoquinoline has been prepared 
and condensed with glucosone and other 1 : 2-diketones to give quinoxalines. 7-Chloro-2 : 3-di-(m-aminophenyl)- 
quinoxaline has been prepared. None of these compounds showed antimalarial activity. 


As long as the exact causes of antimalarial activity remain obscure, it is worth while to prepare compounds 
whose general molecular pattern has some resemblance to that of a compound of established activity, for 
example, atebrine. Consequently, we have investigated the possibility of obtaining 9-substituted isoalloxazines 
(I) in which R is a series of dialkylaminoalkyl groups. 

Condensation of m-amino-N-methy1-p-toluidine with alloxan was effected by two of the known methods for 
isoalloxazine synthesis (A, Kuhn and Reinemund, Ber., 1934, 67, 1932; B, Kuhn and Weygand, ibid., 1935, 
68, 1282) to give 6 : 9-dimethylisoalloxazine, but attempted condensation of N-(8-diethylamino-«-methylbutyl)- 
o-phenylenediamine by method 4A (i.e., in presence of aqueous hydrochloric acid) resulted in the elimination of 
the N-substitutent and formation of alloxazine. Method B (condensation in acetic-boric acid solution) led to 
a product, the constitution of which has not been established. . 

Condensation of N-methylalloxan with m-amino-N-methyl-p-toluidine by method A proceeded normally to 
give 3: 6: 9-trimethylisoalloxazine, isolated as the monohydrate. Elimination of the N-substituent again 
occurred in an attempt to condense N-(8-diethylamino-«-methylbutyl)-o-phenylenediamine with N-methyl- 
alloxan by method A, the product thus being 3-methylalloxazine, while method B led to an obscure result. 
Attempted condensation of 4- and 5-chloro-N-(8-diethylamino-«-methylbutyl)-o-phenylenediamine or of N- 
(y-diethylaminopropy])-o-phenylenediamine with alloxan failed to give a definite product. 

None of the compounds isolated exhibited antimalarial activity 

In a second investigation alloxan was replaced by 1 : 3-diphenylcyclopentanetrione. Condensation of this 
ketone with o-phenylenediamine took place in alcoholic solution, as found by Chakravarti (J. Indian Chem. 
Soc., 1925, 2, 71): use of formic or acetic acid as condensation solvent led to no improvement. In this 
way 1 : 3-diphenyl-4'-B-hydroxyethyl-2-keto-1 : 2 : 3’ : 4'-tetrahydroquinoxalo-2’ : 3’ : 4 : 5-cyclopentadiene was ob- 
tained (II; R = CH;°CH,-OH; R’ = H). Condensation of the trione with m-amino-N-methyl-p-toluidine in 
alcoholic-hydrochloric acid or alcoholic-glacial acetic acid gave the desired compound (II; R = R’ = CH,) 
but in alcohol or in alcoholic-formic acid a second product was formed, namely 5-(2’-methylamino-5'-methyl- 
anilo)-2 : 4-diphenylcyclopentane-1 : 3-dione (III), and this compound could not be caused to undergo cyclis- 
ation to (II). A related observation was made by Kuhling and Kaselitz (Ber., 1906, 39, 1314) in connection 
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with the mode of condensation of alloxan with N-substituted o-diamines. The compound (III), which coyld 
clearly exist in numerous forms, was actually isolated in two interconvertible modifications. The various 
compounds of type (II) did not give water-soluble hydrochlorides and were therefore tested for antimalarial 
activity as suspensions in 5% aqueous gelatin. No activity was observed. Attempts to introduce as R 
substituent in (II) dialkylaminoalky] groups were unsuccessful. 

_Condensation of 4: 5-diaminouracil (sulphate) with 1: 3-diphenylcyclopentanetrione in aqueous acetic 
acid gave 6’ : 8'-dihydroxy-1 : 3-diphenyl-2-keto-1’ : 4’ : 5’ : 7’-tetra-azanaphtho-2’ : 3’ : 4 : 5-cyclopentene 
(IV), which was isolated as the sodium salt. In this form it proved to have no antimalarial activity. 
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It seemed desirable to attempt the synthesis of a compound combining basic and carbohydrate function 
The interaction of glucosone with 5 : 6-diaminoquinoline was investigated. The only product isolated, whic 
; appeared to be the desired substance, (V) (or the obvious structural-isomeride), was formed in low yield and 









































} could not be satisfactorily purified. The quinoxalines formed by condensing 5: 6-diaminoquinoline wit) wf 

benzil and with phenanthraquinone were devoid of antimalarial activity. ~ 
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During the preparation of 5: 6-diaminoquinoline certain statements in the literature were found to hj am 

inexact. Kaufmann and Zeller (Ber., 1917, 50, 1626) reported that nitration of 6-p-toluenesulphonamido. the 

. quinoline with 60% nitric acid at 70° gave a product, m. p. 168—169°, which was said to analyse correctly for iy 
: the mononitro-compound and which hydrolysed to give 5-nitro-6-aminoquinoline. Rudy (Ber., 1938, 11, 
847) stated that the yield of nitration product by this method was variable, but he gave neither melting point 

nor analytical details. We find that the procedure of Kaufmann and Zeller, even with various normal modi- ph 

fications, leaves 6-p-toluenesulphonamidoquinoline unaffected. Nitration at a low temperature of the + 
p-toluenesulphonyl compound with freshly distilled fuming nitric acid, freed from nitrous acid, is now found to 

give 5-nitro-6-0-nitro-p-toluenesulphonamidoquinoline (V1), which can be hydrolysed in good yield to 5-nitro-6-#% R’ 

aminoquinoline, the constitution of which follows from its production by the nitration of 6-0-nitro-p. tie 

_ toluenesulphonamidoquinoline. 5-Nitro-6-aminoquinoline could not be caused to react with either p-toluene- “i 

sulphonyl chloride or o-nitro-p-toluenesulphony] chloride. cr 

In a related investigation involving the use of 4-chloro-o-phenylenediamine it was found that the con- 9 pl 

ditions given by Holleman (Rec. trav. chim., 1915, 34, 204) or de Bruyn (ibid., 1916, 36, 126) for mono-nitration f 

of p-chloroacetanilide led to a mixture of mono- and di-nitro-compounds. Suitable conditions for mono- : 

nitration are now described. From the 4-chloro-o-phenylenediamine, by usual methods, 7-chloro-2 : 3-di-(m- — 

aminophenyl)quinoxaline was prepared. Its hydrochloride showed no antimalarial activity. in 

The pharmacological tests were carried out by Dr. Ann Bishop of the Molteno Institute on Plasmodium (l 

relictum and by Miss I. Tonkin of the National Institute for Medical Research on P. gallinaceum. de 

te 

: EXPERIMENTAL. C 

6 : 9-Dimethylisoalloxazine was prepared by the method of Kuhn and Reinemund (loc. cit.) by dissolving m-amino-N- li 

methyl-p-toluidine (1 g., 1 mol.) in concentrated hydrochloric acid (1-5 c.c.) and adding to a solution of alloxan (1:7 g, b 

1-1 mol.) in 5 c.c. of water. The mixture became hot and a yellow precipitate formed. After warming for 10 mins. ona > 
water-bath the precipitate (1-4 g., 80%) was filtered off, washed, and dried. 6: 9-Dimethylisoalloxazine crystallised from 

a large volume of glacial acetic acid in yellow plates, which did not melt below 280° (Found: C, 58-9; H, 4-4; N, 23:2. - 

C,,H0,N, requires C, 59-5; H, 4:2; N 23-1%). Condensation by the method of Kuhn and Weygand (loc. cit.) in (( 

acetic acid solution in the presence of boric acid gave a similar yield. a 


i The m-amino-N-metiyl-p-toluidine, m. p. 42—43°, was obtained in 85% yield by reduction of m-nitro-N-methyl-p- 
toluidine with stannous chloride in hydrochloric acid. 

3 : 6 : 9-Tvimethylisoalloxazine.—N-Methylalloxan (1-1 g., 1 mol.) was dissolved in*4 c.c. of water and added to 
m-amino-N-methyl-p-toluidine (0-8 g., 1 mol.) dissolved in hydrochloric acid (1-2 c.c.). The solution became yellow and 
after a few minutes’ warming a yellow solid began to separate. 3 : 6: 9-Trimethylisoalloxazine monohydrate crystallised 
from water in orange needles (Found: C, 57-2; H, 5:2; N, 20-7. C,,3H,,0O,N, requires C, 56-9; H, 5-15; N, 20-4%). 

‘ It was soluble in hot water and in acids and insoluble in alkalis. 

The N-methylalloxan was prepared from theobromine by the method of Biltz (Ber., 1912, 45, 3659). 

0-Nitro-N-(8-diethylamino-a-methylbutyl)aniline Monopicrate—A mixture of o-chloronitrobenzene (20 g.,+1 mol, 
2-amino-5-diethylaminopentane (20 g., 1 mol.) and anhydrous sodium acetate (12 g., 1-2 mols.) was heated at 150° for 
18 hours. The deep orange product was dissolved in hydrochloric acid (1 : 1) and the solution extracted with ether to 
remove unchanged o-chloronitrobenzene. After boiling off the ether, the solution was made alkaline with sodium hydrox- 
ide and steam distilled to remove unchanged 2-amino-5-diethylaminopentane. The residual oil was extracted with ether, 
the solution dried over potassium carbonate, and the solvent removed on a water-bath, leaving the o-nitro-N-(3-diethy!- 
amino-a-methylbutyl)-aniline as an orange oil. It was converted into o-nitro-N-(8-diethylamino-a-methylbutyl )aniline 
monopicrate in alcoholic solution and crystallised from alcohol, m. p. 124—125°; yield, after one crystallisation, 31 §. 
(50%) (Found: C, 49-5; H, 5-8; N, 16:7. C,,H,,O,N, requires C, 49-6; H, 5-55; N, 16-5%). me: ' 

eduction of the nitro-compound was carried out by (1) titanous chloride, (2) stannous chloride and hydrochloric acid, 
(3) zinc dust and glacial acetic acid and (4) hydrogen in alcoholic solution in the presence of Raney nickel. The resulting 
diamine darkened rapidly in air and neither it nor any of its derivatives could be obtained crystalline. It was therefore 
used for attempted condensations immediately after preparation without purification. Actually, none of the condets 

ia) 3 ations proved successful. , 
Z ’ The condensation of N-(3-diethylamino-a-methylbutyl)-o-phenylenediamine hydrochloride with alloxan in aqueous 
aie solution gave alloxazine (Found: C, 55-5; H, 3-1; N, 25-8. Calc.: C, 56-1; H, 2-8; N, 26-2%). Condensation of the 
diamine hydrochloride with N-methylalloxan in aqueous solution gave 3-methylalloxazine (Found: C, 57-0; H, 3%; 
N, 24-6. Calc.: C, 57-9; H, 3-5; N, 24-6%), with similar loss of the basic side-chain. Condensation of the diamine with 
alloxan or with N-methylalloxan in acetic acid solution in the presence of boric acid gave in each case a “‘ glass ’ which 

t -could not be obtained crystalline. : 
‘ 4-Chloro-2-nitro-N-(8-diethylamino-a-methylbutyl)aniline Monopicrate——A mixture of 2: 5-dichloronitrobenzené 
(19 g.), obtained in 97% yield by the nitration of p-dichlorobenzene (Holleman, Rec. trav. chim., 1915, 35, 1), 2-amino-»- 
diethylaminopentane (16 g.) and anhydrous sodium acetate (10 g.) was heated at 185—140° for 5 hours., The mixture 
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was steam distilled and the residual dark red oil extracted with ether. It was dried over potassium carbonate, the ether 
removed and the oil dissolved in alcohol and treated with an alcoholic solution of picric acid. 

4-Chloro-2-nitro-N-(8-diethylamino-a-methylbutyl)-aniline monopicrate crystallised from alcohol in orange needles 
(27-5 g., 51%), m. p. 110—111° (Found: N, 15-3. C,,H,,O,N,Cl requires N, 15-5%). 

5-Chloro-2-nitro-N-(5-diethylamino-a-methylbutyl)-aniline Monopicrate—The reaction was carried out exactly as for 
the 4-chloro-compound. 2 : 4-Dichloronitrobenzene (19 g.), obtained in 90% yield by the nitration of m-dichlorobenzene 
(Roberts and Turner, J., 1925, 2004), gave crude monopicrate (31 g., 52%), but on crystallisation from alcohol a lot of tar 
was obtained and the yield of crystallised product was only 19 g. 5-Chlovo-2-nitro-N-(5-diethylamino-a-methylbutyl) - 
aniline monopicrate was a yellow microcrystalline powder, m. p. 110—111° (Found: C, 46-6; H, 5-3; N, 15-1; Cl, 6-7. 
C,,;H,7O,N Cl requires C, 46-5; H, 5-0; N, 15-5; Cl, 65%). 

o-Nitro-N-(8-diethylaminopropyl)-aniline Monopicrate——A mixture of o-chloronitrobenzene (24 g.), 3-diethylamino- 
propylamine (20 g.) and anhydrous sodium acetate (15 g.) was heated at 150° for 17 hours. The product was treated with 
hydrochloric acid (1 : 1) and unchanged o-chloronitrobenzene extracted with ether. On cooling in ice the hydrochloride 
of o-nitro-N -(y-diethylaminopropyl)-aniline crystallised as orange needles. It was filtered, decomposed separately with 
alkali and ether extracted. The filtrate was made alkaline, steam distilled to remove unchanged 3-diethylaminopropyl- 
amine, and extracted with ether. The ethereal extracts were evaporated and the residual yellow oil was converted into 
the picrate in alcoholic solution. The fraction which had not been through the solid hydrochloride gave a rather impure 
picrate. 0-Nitro-N-(8-diethylaminopropyl)aniline monopicrate crystallised from alcohol in yellow needles, m. p. 126— 
127° (Found: C, 48-0; H, 5-1; N, 16-7. C,.H,,O,N, requires C, 47-5; H, 5-0; N, 17-5%). 

1 : 3-Diphenylcyclopentane-2 : 4 : 5-trione was prepared by the method of Claisen and Ewan (Annalen, 1895, 284, 245). 

1 : 3-Diphenyl-2-keto-2 : 3-dihydroquinoxalo-2’ : 3’-4 : 5-cyclopentadiene.—o-Phenylenediamine (1-1 g.) and 1 : 3-di- 
phenylcyclopentane-2 : 4 : 5-trione (2-6 g.) were dissolved separately in hot alcohol and the solutions mixed and kept 
overnight. The yellow precipitate crystallised from acetone, in which it was sparingly soluble, in yellow rods, m. p. 
249—250°; yield, 2-0 g.,60%. Chakravarti (loc. cit.) gives m. p. 251°. 

1: 3-Diphenyl-4’-B-hydroxyethyl-2-keto-1 : 2 : 3’ : 4’-tetrahydroquinoxalo-2’ : 3’-4 : 5-cyclopentadiene (II; R = CH,CH,OH ; 
R’ = H).—0-Nitro-8-hydroxyethylaniline (7-3 g.) was reduced with glacial acetic acid and zinc dust and the solu- 
tion filtered and added to 1.: 3-diphenylcyclopentane-2 : 4 : 5-trione (10-6 g.) in hot alcohol (100 c.c.). After warming 
and leaving for several hours, a little water was added and the solution decanted from the separated tar. On 
adding more water 1 : 3-diphenyl-4’-B-hydroxyethyl-2-keto-1 : 2 : 3’ : 4’-tetrahydroquinoxalo-2’ : 3’-4 : 5-cyclopentadiene 
crystallised. It was washed with a little alcohol, recrystallised from acetone (3-3 g., 20%) and obtained in pale yellow 
plates, m. p. 208—209° (Found: C, 78-8; H, 5-3; N, 7-7. C,H oO,N, requires C, 78-9; H, 5-3; N, 74%). 

The o-nitro-8-hydroxyethylaniline was prepared by heating ethanolamine with o-chloronitrobenzene in the presence 
of pyridine (Karrer and Naef, Helv. Chim. Acta, 1936, 19, 1029). 

1: 3-Diphenyl-4’ : 7’-dimethyl-2-keto-1 : 2: 3’ : 4’-tetrahydroquinoxalo-2’ : 3’-4 : 5-cyclopentadiene (II; R = R’ = CH,). 

—The condensation of 1 : 3-diphenylcyclopentane-2 : 4 : 5-trione with m-amino-N-methyl-p-toluidine was carried out 
in the following solvents: (a) alcohol, (b) alcohol—formic acid, (c) alcohol—hydrochloric acid, (d) alcohol—glacial acetic 
acid. In the first three cases the pure diamine was used for the condensation; in the last case the nitro-compound 
(1-7 g.) was reduced with glacial acetic acid and zinc dust, filtered from zinc salts and this solution used for the con- 
densation. This last method gave the best yield (1-1 g., 30%). 1: 3-Diphenyl-4’ : 7’-dimethyl-2-keto-1 : 2 : 3’ : 4’- 
tetrahydroquinoxalo-2’ : 3’-4 : 5-cyclopentadiene crystallised from alcohol in yellow needles, m. p. 224—225° (Found : 
C, 81:8; H, 5-6; N, 8-4. C,,;H,ON, requires C, 82-4; H, 5-5; N, 7-8%). 
_ From the experiments with solvents (a) and (b) a second substance was isolated. This crystallised from alcohol or 
ligroin (b. p. 60 —80°) in two forms, needles, m. p. 100—101°, and plates, m. p. 106—107°. Either form could be obtained 
by suitable inoculation of the solution. Analysis showed it to be 5-(2’-methylamino-5’-methylanilo)-2 : 4-diphenylcyclo- 
pentane-1 : 3-dione (III) (Found: C, 78-5; H, 5-8; N, 7:3. C,;H,,0,N, requires C, 78-6; H, 5-8; N, 7:25%). 

Substance. from N-(y-Diethylaminopropyl)-o-phenylenediamine.—o-Nitro-N -(y-diethylaminopropyl)-aniline (6-2 g.) 
was reduced with zinc dust and acetic acid and the filtered solution added to 1 : 3-diphenylcyclopentane-2 : 4 : §-trione 
(6:5 g.) in glacial acetic acid. The solution was warmed and kept for several days. Dark crystals separated (3-0 g.) 
and concentration of the mother-liquors gave a further crop (1-2 g.). This substance was insoluble in most organic 
solvents and in dilute hydrochloric ‘acid but crystallised from a large volume of glacial acetic acid as a brown powder 
which did not melt up to 270° (Found : C, 64-7; H, 5-2; N, 3°7%). 

6’ : 8’-Dihydroxy-1 : 3-diphenyl-2-keto-1’ : 4’ : 5’ : '1’-tetra-azanaphtho-2’ : 3’-4 : 5-A*-cyclopentene (IV).—4: 5-Diamino- 
uracil sulphate (2-0 g.), dissolved in hot 33% acetic acid (250 c.c.), and 1: tees ggg “span temp : 4: §-trione 
(2-6 g.) in hot glacial acetic acid (100 c.c.) were heated together under reflux for 2 hours. The yellow precipitate (1-7 g., 
46%) was insoluble or sparingly soluble in alcohol, acetone, toluene, glacial acetic acid and dilute hydrochloric acid and 
did not melt below 300°. It was dissolved in boiling sodium carbonate solution, from which the sodium salt of 6’ : 8’-. 
dihydroxy-1 : 3-diphenyl-2-keto-1’ : 4’ : 5’ : '1’-tetra-~azanaphtho-2’ : 3’ -4 ; 5-A‘-cyclopentene crystallised on cooling. This 
eo — ig aaah thin rods (Found: C, 62-8; H, 3-8; N, 14:9. C,,H,,;0,N,Na,}H,O requires 

» 02°38; H, 3-5; N, 140%). 

The 4 : 5-diaminouracil was prepared from cyanoacetic acid by the synthesis of Kuhn and Cook (Ber., 1937, 70, 

761). From the acid (65 g.) 4 : 5-diaminouracil sulphate (44 g., 31%) was obtained. 6-Nitroquinoline was obtained in 
66% yield by the method of Knueppel (Ber., 1896, 29, 703). 
_ , 6-Nitroquinoline (226 g. in 2 lots) was reduced with iron, water, and acetic acid and the 6-aminoquinoline converted 
into the p-toluenesulphonyl derivative, using p-toluenesulphonyl chloride in the presence of sodium carbonate and a 
little water. Crystallisation from alcohol gave pure 6-p-toluenesulphonamidoquinoline (258 g., 67%), m. p. 197—198°. 
The method of Kaufmann and Zeller (loc. cit.) gave lower yields. 

_ Nitration of 6-p-Toluenesulphonamidoquinoline.—6-p-Toluenesulphonamidoquinoline (32-5 g.) was added gradually to 
stirred nitric acid (4 1-52, 162-5 g.) at — 10° to 0°. The nitric acid had been freshly prepared by distillation of 70% nitric 
acid from an equal volume of concentrated sulphuric acid and was freed from nitrous acid by treatment with urea. The 
solution was left for about 10 minutes, then poured on to ice and the precipitate filtered and washed with water. It 
crystallised from alcohol in brownish-yellow regular prisms (31 g., 73%), m. p. 199—200°, and proved to be 5-nitro-6-o- 
NP toluenesulphonamidoquinoline (VI) (Found: C, 50-1; H, 3-2; N, 14-8. C,gH,,O,N,S requires C, 49-5; H, 3-1; 

» 144%). Hydrolysis of the dinitro-compound (30 g.) by heating at 100° with concentrated sulphuric acid for 1 hour 
gave 5-nitro-6-aminoquinoline (12-3 g., 84%), which was crystallised from benzene. It had m. p. 175—176°. oars 
b Frenpee no to prepare the p-toluenesulphonyl and o-nitro-p-toluenesulphonyl] derivatives of 5-nitro-6-aminoquinoline 
, oo action of the corresponding sulphonyl chloride in the presence of sodium carbonate gh pace were unsuccessful ; 
by eepe-! method gave in each case 5-nitro-6-aminoquinoline monohydrochloride, which was prepared for comparison 

€ addition of concentrated hydrochloric acid to a solution of the base in acetone. It crystallised from alcohol in 


36: Negus needles, m. p. 258° (decomp.) (Found: C, 48-3; H, 3-5; N, 18-7. C,H,O,N,Cl requires C, 47-9; H, 
; », io ‘o)- 
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To confirm the orientation of the dinitro-compound, 6-aminoquinoline was treated with o-nitro-p-toluenesulphony| 
chloride in the presence of sodium carbonate and a little water, giving 6-0-nitro-p-toluenesulphonamidoquinoline, which 
crystallised from methy] alcohol in rectangular plates, m. p. 191—192° (Found: C, 55-4; H, 4-2; N, 11-9. C,,.H,,0,N,S 
requires C, 56-0; H, 3-8; N, 12-2%). Nitration of this compound with freshly distilled nitric acid (d 1-52) gave 5-nitro. 
6-o-nitro-p-toluenesulphonamtidoquinoline, m. p. and mixed m. p. with the previous specimen, 199—200°, 

Reduction of 5-nitro-6-aminoquinoline with stannous chloride and hydrochloric acid (Rudy, Joc. cit.) was unsatis. 
factory and was carried out with iron, water, and acetic acid. Alcohol and ammonia were added and, after boiling, the 
solution was filtered from iron oxides. Most of the alcohol was distilled off rapidly and.the solution taken down to dryness 
ina vacuum. The crude residue, 5: 6-diaminoquinoline, was used for the following condensations. 

Condensation of 5 : 6-Diaminoquinoline with Glucosone.—5 : 6-Diaminoquinoline (0-5 g.) was dissolved in boiling alcohol 
and the hot filtered solution added to glucosone (0-56 g.) dissolved in slightly aqueous alcohol. The solution was warmed 
on a water-bath for 5 minutes, left for 1 hour and the slight precipitate filtered off. On leaving overnight a larger amount 
of solid separated; this was filtered and boiled with a large volume of dry acetone. The filtered acetone solution on 
cooling and concentrating deposited a jelly-like precipitate which dried to a light brown microcrystalline powder ina 
vacuum, m. p. 222—225° (decomp.), with previous softening. There was insufficient of this compound for further 
Neon. [Found : C, 58-5; H, 5-2; N, 15-3. The expected product (V), C,,H,,0,N, requires C, 59-8; H, 5-0; 
N, 14-:0%]. 

The glucosone was obtained in 29% yield by the hydrolysis with hydrochloric acid (Fischer, Ber., 1889, 22, 87) of 
glucosazone, prepared by the method Fischer (ibid., 1884, 17, 579). The identity of the glucosone was proved by con- 
densation with o-phenylenediamine in aqueous alcohol to give 2-(1-d-arabo-1 : 2 : 3 : 4-tetrahydroxy-n-butyl)-quinoxaline, 
which crystallised from alcohol in needles, m. p., after drying ina vacuum, 194° with charring (Found : C, 57-6; H, 5-4; 
N, 11-25. C,,H,,O,N, requires C, 57-6; H, 5-6; N, 11-2%). This condensation was first described by Fischer (ibid,, 
1889, 22, 87) (cf. Griess and Harrow, «bid., 1887, 20, 2205), who gave no m. p. or analysis. The monohydrate, m. p. 
187—188° (decomp.), of the quinoxaline was later prepared by Ohle (Ber., 1934, 67, 155) from fructose. 

2 : 3-Diphenylpyrido-2’ : 3’-7 : 8-quinoxaline.—An alcoholic solution of 5 : 6-diaminoquinoline (2-0 g.) and benzil 
(2-6 g.) was boiled until the separation of solid was complete. The 2 : 3-diphenylpyrido-2’ : 3’-7 : 8-quinoxaline (1-4 g,, 
33%) crystallised from alcohol in slightly yellow plates, m. p, 205—206° (Found: C, 82-3;. H, 3-9. C,sH,,N, requires 
C, 82-9; H, 45%). It was soluble in concentrated hydrochloric acid but reprecipitated on dilution with water. 

1:2:3: 4-Dibenzopyrido-2’ : 3’-8 : 9-phenazine.—An alcoholic solution of 5 : 6-diaminoquinoline (1-6 g.) and phen- 
anthraquinone (2-0 g.) was boiled until the separation of solid was complete. The 1: 2: 3: 4-dibenzopyrido-2’ : 3’-8 : 9- 
phenazine crystallised from benzene or glacial acetic acid in light brown needles (1-5 g., 47%), m. p. 294° (Found: C, 
83-0; H, 4-1. C,,H,,N, requires C, 83-4; H, 40%). Kaufmann and Zeller (loc. cit.) describe the condensation product 
of 5 : 6-diaminoquinoline and phenanthraquinone as yellow needles, m p. 287—288°, but give no analysis. 

p-Chloroacetanilide (50 g.) was dissolved in nitric acid (d 1-42) (500 g.), cooled to — 10° and fuming nitric acid (d 1-49) 
(500 g.) added gradually with stirring, the temperature being kept below 0°. Stirring was continued for 15 minutes after 
all the acid had been added and the solution then poured on ice. The p-chloro-o-nitroacetanilide was washed free from 
acid and hydrolysed by heating for a short time with 70% sulphuric acid at <120°. The p-chloro-o-nitroaniline (42-5 g,, 
85%) was crystallised from aqueous alcohol; it had m. p. 116—117°. 

p-Chloro-o-nitroaniline (10 g.) was reduced in alcoholic solution with hydrogen in the presence of Raney nickel 
~ 4-Chloro-o-phenylenediamine (6 g.), m. p. 73—74°, was obtained by crystallisation from ligroin (b. p. 100— 

7-Chloro-2 ; 3-di-(m-nitrophenyl)quinoxaline.—An alcoholic solution of 4-chloro-o-phenylenediamine (3-0 g.) and 
3 : 3’-dinitrobenzil (6-3 g.) was boiled for 3 hours. The precipitate was crystallised by dissolving in acetone (1 1.) under 
reflux and then distilling off most of the solvent. 7-Chloro-2 : 3-di-(m-mnitrophenyl)-quinoxaline crystallised from the 
concentrated solution in almost colourless, diamond-shaped plates (7-6 g., 90%), m. p. 224—225° (Found: N, 13-4. 
Cy9H,,0,N,Cl requires N, 13-8%). 

7-Chloro-2 : 3-di-(m-aminophenyl)quinoxaline.—The above dinitro-compound (3 g.) was suspended in glacial acetic 
acid (15 c.c.) and added gradually to a boiling solution of stannous chloride (11 g.) in hydrochloric acid (14 c.c.). The 
reddish-brown solution was poured into excess of 10% sodium hydroxide solution and the yellow precipitate filtered, 
dissolved in dilute hydrochloric acid and reprecipitated with ammonia. Crystallisation from methyl alcohol gave 
orange plates (1-8 g., 60%) of 7-chloro-2 : 3-di-(m-aminophenyl)quinoxaline (+ 2CH,OH), melting at 80—81° with loss 
of methyl alcohol (Found: N, 13-9. C,5H,;N,Ci,2CH,OH requires N, 13-6%. Found, with material freed from methyl 
alcohol by vacuum drying at 100°: C, 69-9; H, 4:5. Cy 9H,,N,Cl requires C, 69-3; H, 44%). Catalytic reduction ofa 
suspension of the dinitro-compound in alcohol using Raney nickel gave a similar yield. 


Microanalyses were carried out by Drs. G. Weiler and F. B. Strauss of Oxford. 
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185. Melanin Formation. 
By G. R. CLemo and J. WEIss. 


Raper and his co-workers have shown that 5: 6-dihydroxyindole is an intermediate product in the 
formation of melanin im vivo and in vitro, and that it is formed from this compound by a non-enzymatic 
oxidation process. This suggests that 5: 6: 5’ : 6’-tetrahydroxyindigo, possibly as the corresponding quinone 
or semiquinone, is an important constituent of the melanin pigments. This conclusion is based primarily on 
the mechanism of oxidation. In particular, 2 : 3-dimethyl-5 : 6-dihydroxyindole does not oxidise in the same 
fashion, whereas apparently 5 : 6-dimethoxyindole does. _ 

The amount of oxygen required for the oxidation process and some other properties of melanin (e.g., reversible 
reduction in alkaline solution) are discussed, and attempts to prepare the indigo compound are reported. 


MELANIN is the dark pigment which is produced by the oxidation of tyrosine or dihydroxyphenylalanine in the 
presence of certain enzyme catalysts. Although melanin prepared from animal or plant sources is often not 
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identical with the above mentioned melanin the difference is possibly due to the difficulty of purification from 
adsorbed and admixed substances (cf. Schaaf, Biochem. Z., 1929, 209, 79). Bloch (Z. physiol. Chem., 1917, 
98, 226) has also shown that the melanin in the melanoblasts of the epidermis is produced from 3 : 4-dihydroxy- 
phenylalanine by the enzyme, dopa oxidase. 

Raper (Biochem. J., 1927, 21, 89) has studied the formation of melanin by the oxidation of tyrosine (I) 
and 3: 4-dihydroxyphenylalanine (II) in the presence of tyrosinase and he has shown that one of the main 
intermediate products is the 5 : 6-dihydroxyindole (IV) which is also fomerd in vivo according to Linnell and 
Raper (Biochem. J., 1935, 29, 76). The latter substance. readily oxidises to give melanin in a non-enzymatic 
process. This can be represented by the following scheme which up to (IV) follows that given by Raper (loc. 
‘it,, also Evans and Raper, Biochem. J., 1937, 31, 2162). 
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Raper’s scheme of reactions seems to be essential for the formation of melanin although it is clear from the 
work of Bloch and Schaaf (Biochem. Z., 1926, 162, 181) that, under changed conditions of pH and temperature, 
side reactions appear to a greater or smaller extent which lead to other products contaminating the melanin. 

Compound (III) was subsequently found in the marine worm Halla parthenopea (Mazza and Stolfi, Arch. 
Sci. biol., 1931, 61, 183) and is capable of giving a reversible oxidation reduction system (Friedheim, Biochem. 
Z., 1933, 259, 254). 

According to this scheme 3 atoms of oxygen are required to convert one molecule of (I) and 2 atoms of 
oxygen to convert one molecule of (II) to (IV). Duliére and Raper (Biochem. J., 1930, 24, 259) found that start- 
ing from (I) 5-23 atoms of oxygen and'starting from (II) 4-12 atoms of oxygen were required to convert these 
substances into melanin. This leaves for the conversion of dihydroxyindole into melanin 2-23 and 2-12 atoms 
of oxygen respectively. : . 

The question now arises as to the nature of the oxidation process by which (IV) is converted into melanin and 
there are two obvious possibilities : (1) oxidation with the formation of an o-quinone (cf. Wagreich and Nelson, 
J. Amer. Chem. Soc., 1938, 60, 1545) and not involving the 5-membered N ring, and (2) the inclusion of the 
latter in the oxidative reaction with the formation of an indigoid system. 

_ The fact that 5 : 6-dimethoxyindole is very sensitive to oxidisiag agents and rapidly darkens even in contact 
with the air (Oxford and Raper, J., 1927, 417) would appear to favour the second alternative above. 

Further, it is well known that indoles with free hydrogen atoms in the a- and §-positions yield indigoid 
compounds on oxidation at room temperature (cf. Nencki, Ber., 1875, 8, 727; G.PP. 130,629 and 132,405). 
Porcher (Bull. Soc. Chim., 1909, [4] 5, 526) who has studied in detail the oxidation of indole by hydrogen 
peroxide (at 37°) found that the reaction goes through indoxyl which is subsequently oxidised to give indigo. 
(A certain amount of indirubin is also formed, particularly at higher temperatures.) It is, therefore, to be 
expected that dihydroxyindole will react in a similar way, its rate of reaction being favoured by the presence 
of the hydroxy groups which also render it much more soluble in water. This course for the reaction is 
schematically represented above. This could lead to either tetrahydroxyindigo (V) needing 5 atoms of oxygen 
and thence to the quinone (VI) needing 5-5 atoms of oxygen. The fact that the melanin obtained from tyrosine 
is practically insoluble in sodium hydroxide is against (V) and some of the properties of melanin do not fit 
either with the simple quinone structure (VI). It is well known, however, that o-quinones tend to dimerise or 
polymerise (cf. Willstatter and Miller, Ber., 1911, 48, 271; Wagreich and Nelson, Joc. cit.) and also that the 
quinone (VI) and the catechol (V) might well form a molecular compound or a semiquinone (cf. Michaelis, 
Chem. Rev., 1935, 16, 274) which would more nearly agree with the physical properties of melanin. A further 
Possibility is that (V) and (VI) might condense through one hydroxyl aud one keto group either from the 
benzene rings or the 5-membered rings whereby a chain structure could be obtained which would appear in 
harmony with the physical properties of melanin. For either of these latter possibilities 5-25 atoms of oxygen 
would be needed from (I), in good agreement with the 5-23 atoms of oxygen found by Duliére and Raper 
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(loc. cit.). However, any small deviations could be easily accounted for by a certain amount of non-oxidatiy 
side reactions and it is also possible that the state of oxidation varies to some extent in different preparations 
of melanin. 

The mechanism suggested above is further supported by sqme observations on the 2 : 3-dimethyl-5 : 6-di. 
hydroxyindole in which the reactive «- and 8-positions are methylated. This substance (the preparation of 
which is described below) is actually stable towards oxygen in acid solutions but oxidises in alkaline solution 
(in conformity with other o-dihydroxy compounds) to give a violet-coloured product which dissolves in alcohol 
and acetone with a purplish colour and gives a deep red solution in conc. sulphuric acid. 

Indigoid substances and some of their precursors are well known to occur in biological systems. All the 
facts given above suggest that 5 : 6 : 5’ : 6’-tetrahydroxyindigo, presumably as a quinone or semiquinone, is an 
important constituent of the natural melanins. 

The following observations are in support of this suggestion. The nitrogen content of (VI) isin good agree. 
ment with the value (8-65%) given by Raper and Wormall (Biochem. J., 1925, 19, 84) and with the value (8-39) 
given by Bloch and Schaaf (loc. cit.) for preparations of dopa melanin. Neither of the above workers give a full 
analysis for their preparations, but Piettre (Compt. rend., 1911, 153, 782, 1037) found the following values 
for several purified specimens of melanin: horse melanin (C, 56-0; H, 3-5; N, 9-6%, small amounts of Fe 
and S were not determined), melanin from sepia officinalis (C, 58-0; H, 3-4; N, 11-3; S, 0-4%) and melanin 
produced enzymatically from tyrosine [C, 58-5; H, 3-55; N, 81%. Calc. for CigH,,O,N, (V): C, 584; 
H, 3-1; N, 86%. Calc. for C,,H,O,N, (VI): C,.59-2; H, 2-5; N, 86%. Calc. for C,,H,O,N, (VII): ¢, 
59-0; H, 2-8; N, 8-6%]. 

Melanin is relatively unstable towards strong oxidising agents, as would be expected from its structure, 
and can be easily reduced in the presence of sodium hydroxide whereby it is (partially) decolorised. Some 
melanins are soluble in pyridine and in alkali hydroxides (cf. Bloch and Schaaf, loc. cit.). 

It was found (Figge, Proc. Soc. Expt. Biol. Med., 1939, 41, 127) that melanin is actually capable of givinga 
reversible oxidation reduction system and can be (reversibly) reduced by hydrosulphite. 


Hayduck (Ber., 1903, 36, 2930) tried to prepare 5: 6: 5’ : 6’-tetrahydroxyindigo from o-nitroprotocatechuic 
aldehyde with acetone and alkali but did not succeed. He started with the corresponding tetramethoxyindigo, 
which he prepared from dimethoxy-o-nitroprotocatechuic aldehyde, but he was unable to demethylate this 
compound without considerable decomposition. 

The authors started with piperonalindigo which was prepared from o-nitropiperonal and acetone with alkali 
(Haber, Ber., 1890, 23, 1566), but so far it has not been found possible to remove the methylene groups smoothly. 
Various methods were tried (hydrochloric and sulphuric acid at different concentrations and temperatures 
with and without the addition of phloroglucinol; cf. Clowes, Ber., 1899, 32, 2841) and although most of the 
products obtained were very similar to melanin in their appearance and also behaved similarly towards various 
solvents they did not give a satisfactory analysis. According to the analysis the best products contained 
approximately 90 per cent. of the required substance. 

The preparation of 2: 3-methylenedioxyaniline is described from the corresponding nitro compound 
(Hesse, Annalen, 1879, 199, 341) and from the nitro carboxylic acid (Mameli, Atti R. Accad. Lincei, 1905, 
(5), 14, II, 514) and from the amide by the action of sodium hydroxide and bromine (Rupe and von Majewski, 
Ber., 1900, 33, 3403; van Linge, Rec. Trav. chim., 1897, 16, 50). The yields of amine claimed are either poor 
or bad, but it has now been found that it can be conveniently obtained by the action of freshly prepared sodium 
hypochlorite solution on piperonylamide. 

The amine is easily converted to the hydrazine by the reduction of its diazonium chloride with stannous 
chloride and the hydrazine readily gives the hitherto undescribed 2 : 3-dimethyl-5 : 6-methylenedioxyindol 
by treatment with methyl ethyl ketone under standard Fischer indole conditions (cf. Annalen, 1886, 236, 12%) 
and also is converted into 6 : 7-methylenedioxy-1 : 2 : 3 : 4-tetrahydrocarbazole. 

When the indole is boiled gently with dilute sulphuric acid formaldehyde distils off with the steam and cal 
be isolated in a 75% yield in the form of its crystalline dimedon derivative. If the residue is made alkaline! 
oxidises to a purple substance. 

. EXPERIMENTAL. 

Action o Sulphuric Acid on 5: 6-Methylenedioxyindigo.—In acetic acid: the compound 0-1 g.) in acetic acid 
(20 c.c.) and sulphuric acid (7 c.c.) was heated at 120—130° for 5 hours with frequent shaking. The solution became dark 
brown and the starting material was converted into a black substance. After washing, extraction with dilute alkali, 
washing with dilute HCl and hot water the substance was dried in vacuum [Found: C, 57-7; H, 3°5; N, 6 
CygH O,Ny (V) requires C, 58:8; H, 3-1; N, 86%). : 

3 : 4-Methylenedioxyaniline —Piperonylamide ( 8-2 g. crystallised material, m. p. 167°) was ground into a paste with 
water (100 c.c.), a solution of sodium hydroxide (4 g.) in water (40 c.c.) added, the mixture cooled below 0° and well stirred. 
Freshly made sodium hypochlorite solution [98 g., made by passing a slow stream of chlorine into a solution of sodium 
hydroxide (16 g.) in water (184 c.c.) kept below 0° until 14-2 g. had been absorbed during 1} hours] was then run mn 9 
that the temperature was kept below 1°. The cooling bath was then removed, the mixture stirred a further 15 muss. 
and then warmed in a water bath to 50°, when the colour changed and the reaction was complete after a further 15 minutes 
stirring at this temperature. The oil, deposited on cooling, was taken up in ether, the deep yellow aqueous solution 
extracted four times with ether, and the combined extract dried and fractionated; the almost colourless base 
(3-8 g., b. p. 108°/1 mm.) passed over and quickly solidified (m. p. 40°). Crystallisation from ligroin (b. p. 40—0 h 
gave fine colourless needles, m. p. 43—44°. The literature gives the m. p. as 44°. ; — 

3 : 4-Methylenedioxyphenylhydrazine.—The above distilled base (2-7 g.) was added to cold stirred hydrochloric 
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idativelm(5 c.c. of conc. acid diluted with water) (16 c.c.). The solution was cooled to —5° and well stirred whilst a solution of 
sodium nitrite (1-4 g.) in water (14 c.c.) was dropped in during 10—15 minutes. The solution, at —10°, was efficiently 
stirred and cooled whilst a solution of stannous chloride (11-2 g.) in conc. hydrochloric acid (9 c.c.) was added during 
45 minutes. Although much heat is evolved, by the use of a thin glass vessel and good ice-salt cooling, the temperature 
: 6-difiwas kept at about —10° during the reduction. The hydrazine hydrochloride was collected and crystallised from alcohol 
tion offmeiving colourless prisms (2-75 g.). This finely ground hydrochloride (1 g.) was shaken three times with ether in the 
lutio presence of sodium hydroxide (20 c.c. 8%), the extract dried and fractionated ; an oil (0-65 g., b. p. 160°/1 mm.) 
; passed over and immediately set to a yellow crystalline solid which separated from ligroin (b. p. 60—80°) in slightly pink 
alcohol plates, m. p. 75° (Found: C, 55-4; H, 5-3. C,H,O,N, requires C, 55-3; H, 5-3%). The m-nitrobenzylidenehydrazone 
rystallises from alcohol in beautiful orange plates, m. p. 164—16i° (Found: C, 59-2; H, 4-2. C,,H,,0,N, requires 

All theMmc, 59-0; H, 39%). ‘ : 

6 : 7-Methylenedioxy-1 : 2 : 3 : 4-tetrahydrccarbazole.—This separated as a solid mass when the hydrazine and cyclo- 
hexanone were warmed a few minutes in acetic acid and crystallised from alcohol in colourless plates, m. p. 191—192° 
Found: C, 72-7; H, 6-1. C,,;H,,;0,N requires C, 72-6; H, 6-0%). 
| agree. 2 : 3-Dimethyl-5 : 6-methylenedioxyindole.—The hydrazine (0-65 g.) was dissolved in methyl ethyl ketone, acetic acid 
(8-3) MM(six drops) added, the solution heated for 14 hours on the water bath, cooled in ice, and saturated with dry hydrogen 
e a fyllggchloride when the reaction mixture changed to an intense magenta colour ; it was allowed to stand } hour in ice and then 
; refluxed gently for 1} hours on the water bath. The colour changed to a dull brown and a colourless crystalline solid 
separated. This was left to stand, all solvent removed under reduced pressure, dilute sodium hydroxide added and the 
; Of Fellivhole extracted with ether and fractionated (0-5 g., b. p. ca. 180°/1 mm.). This solidified and on crystallisation from 
1elaninMigroin (b. p. 60—80°) colourless prisms (0-3 g., m. p. 132—133°) were obtained (Found : C, 69-7; H, 5°8. C,,H,,O,N 
589: requires C, 69°8; H, 5-8%). 
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Some 186. Experiments on the Synthesis of «-Biotin. Part I. 

ivinga By R. Guosu, J. F. W. McOmie and J. P. Witson. 


2-Ethoxalyl-3-keto-4-ethyltetrahydvothiophen.(III; R = R’ = Et) has been synthesised as a possible inter- 
mediate to the bicyclic system (I). 
indigo, mm. B= yeast growth promoting factor, biotin (bios IIb) has been shown to be identical with coenzyme R (Nilssen, 
te this alive and Burstrom, Naturwiss., 1939, 27, 389) and Vitamin H (du Vigneaud, Melville, Gyérgy, and Rose, 
cience, 1942, 95, 174). Later Kogl and ten Ham (Z. physiol. Chem., 1943, 279, 140) showed conclusively that 
. alkaline biotins isolated from egg yolk and liver were different substances; these were designated “‘ a-biotin ” and 
sothly fa P-Diotin *’ respectively. . : 
rate The structure of 6-biotin has been elucidated by degradation and confirmed as 2’-keto-3 : 4-imidazolido-2- 
of the aggtcttahydrothiophen-n-valeric acid by total synthesis (S. A. Harris et al., J. Amer. Chem. Soc., 1944, 66, 1756). 
variou ME DOSL Verbeek, Erxleben, and Borg (Z. physiol. Chem., 1943, 279, 121) proposed structure (I; R = Pr®, R’ = H) 
tained MEO @-biotin. They named the new bicyclic system “ biotidin ’’ and, numbering it as in the purines, refer to 
a-biotin as 2-keto-9-isopropyl-biotidin-6-carboxylic acid. 
pound A short time ago we began work on a possible route to a-biotin and its homologues. Unfortunately, these 
~ 1905, xperiments have been interrupted and we wish to place on record the results so far obtained. 
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tic acid _ «-Bromomethyl-n-butyric acid was treated with thioglycollic acid in the presence of alkali and the resulting 
ne datk Miidvcarboxylic acid (IV; R + Et, R’ = H) was esterified with ethanolic hydrogen chloride. Cyclisation of the 
Mester (IV; R = R’ = Et) by the Dieckmann procedure gave the keto-ester (V; R = R’ = Et). The latter 


as hydrolysed to the ketone (VI; R = Et), and this was condensed with diethyl oxalate to give the compound 
te with MBC; R= R’ = Et). 3-Keto-thiophans and their carboxy, derivatives have been synthesised by very similar 

methods in connection with the synthesis of $-biotin, e.g., Karrer et al., Helv. Chim. Acta, 1944, 27, 116, 124, 
sodiu™ HB 142, 237; Buchman and Cohen, J. Amer. Chem. Soc., 1944, 66, 847; Woodward and Eastman, ibid., 1944, 66, 
5 ale 849; Cheney and Piening, ibid., 1944, 66, 1040; 1945, 67, 737; Avison et al., Nature, 1944, 154, 459: B.P. 


562,313; 562,314; 567,428; 568,079. 
solutio An attempt to alkylate (VI; R = CO,Et) (Karrer and Schmid, Helv. Chim. Acta, 1944, 27, 124) with ethyl 
S hodide in the presence of sodium in benzene yielded a negligible quantity of ethyl 3-keto-4-ethyl-tetrahydro- 


hiophen-4-carboxylate, from which the ketone (VI; R = Et) might have been obtained by hydrolysis and 
ric acid EC’C@tboxylation, 
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«-Bromomethyl-n-butyric acid was prepared by the addition of hydrogen bromide to «-ethylacrylic acid 
(Blaise and Luttringer, Bull. Soc. chim., 1905, [3], 33, 766). The preparation of the latter has been describe; 
by Blaise and Luttringer (Joc. cit.) and Mannich and Ganz (Ber., 1922, 55, 3492). The yields in both method 
being unsatisfactory, we have devised a new method. This consists in treating ethylmalonic acid with form. 
aldehyde in the presence of alkali to give hydroxymethyl-ethylmalonic acid. The dicarboxylic acid, whe 
heated in acid solution, loses carbon dioxide and water to give «-ethylacrylic acid in good yield. 

At the earliest opportunity we intend to attempt the conversion of (III; R= R’ = Et) into (II. 
R = R’ = Et) and thence to (I; R = R’ = Et) and (I; R = Et, R’ = H). 


EXPERIMENTAL. 


a-Bromomethyl-n-butyric Acid.—Diethyl ethylmalonate (140 g.) was added slowly to potassium hydroxide (120 ¢) 
in water (96 c.c.) and the mixture refluxed for 16 hours. After cooling, formaldehyde (40%, 240 c.c.) was added and th: 
whole kept for 10 days at room temperature. The mixture was acidified with concentrated hydrochloric acid (500 c.c), 
and refluxed for 12.hours. The cold solution was extracted several times with ether. The residue from the dried etherea| 
extracts, after removal of Solvent, was distilled and the fraction (40 g.), b. p. 176—186°, was collected. To it was added 
hydrogen bromide in acetic acid (120 c.c.; 50% w/v) and the mixture kept for 21 days. The product (31 g.) was collected 
at 124—128°/13 mm. (Found: C, 33-4; H, 5-0; equiv., 182. Calc. for C,H,O,Br: C, 33-2; H, 5-0%; equiv., 181). 

Carboxymethyl B-Carboxy-n-butyl Sulphide and Carbethoxymethyl B-Carbethoxy-n-butyl Sulphide. (IV; R = Et 
R’ =H and R = R’ = Et).—A mixture of a-bromomethyl-n-butyric acid (31 g.) and water (20 c.c.) was neutralised ip 
the cold with anhydrous potassium carbonate. The solution was added to a solution of thioglycollic acid (13-1 c.c. of 
90% aqueous solution) and potassium hydroxide (18-7 g.) in water (10 c.c.) and the whole refluxed for 4 hours. Afte 
cooling, the solution was acidified to pH 4 and extracted 15 times with peroxide-free ether (50 c.c. each time). Removal 
of the solvent after drying left a colourless, viscous oil. A sample of this was distilled in a bulb-tube at 170°/0-01 mn. 
(air-bath temperature) (Found: C, 43-3; H, 6-3. C,H,,0,S requires C, 43-7; H, 63%). The rest of the oil (22 g.) was 
refluxed for 4 hours with 7% ethanolic hydrogen chloride (100 c.c.). The alcohol was removed under reduced pressure 
and the residue treated twice again in the same way. Finally, after complete removal of alcohol, the residue was taken 
up in ether and washed with sodium bicarbonate solution. On distillation, the di-ester was obtained as a colourless oil 
(18-6 g.), b. p. 145—150°/11 mm. (Found: C, 52-7; H, 8-2; S, 13-4. C,,H90,S requires C, 53-2; H, 8-1; S, 12-99%). 

Ethyl 3-Keto-4-ethyltetrahydrothiophen-2-carboxylate (V; R = R’ = Et).—Dry ethanol (2-9 c.c.) was added to powdered 
sodium (1-14 g.) under toluene (30 c.c.) and left to stand for some hours. To this was added the above di-ester (16 ¢. 
and the mixture kept at 40—50° for 5 hours. The cooled solution was treated with water, acidified with acetic acid and 
extracted several times with ether. The ether—toluene extract was washed with sodium bicarbonate solution, dried and 
the solvent removed. On distillation the product was obtained as a colourless oil (8°6 g., 66%), b. p. 1832—134°/154 
mm. (Found: C, 54:3; H, 69; S, 15-7. C,H,,0,S requires C, 53-5; H, 6-9; S, 15°8%). The keto-ester gives with 
alcoholic ferric chloride an intense bluish-violet colour which slowly fades. The semicarbazone was obtained in the usual 
way. Itrecrystallised from dilute alcohol as colourless needles, m: p. 159—160° (Found : C, 46-2; H, 6-6. C,9H,,0,N,5 
requires C, 46-3; H, 66%). Substitution of ether for toluene gave a poorer yield (30%) of the keto-ester. 

3-Keto-4-ethyltetrahydrothiophen (V1; R = Et)—The keto-ester (5-7 g.) was refluxed with 10% sulphuric acid (75 
c.c.) for 5hours. After cooling, the solution was extracted 8 times with ether (50 c.c.each time). The combined ethereal 
extracts were washed with sodium bicarbonate solution and water and dried. Removal of solvent under reduced pressure 
and distillation gave a colourless oil, b. p. 85°/21 mm. (bath temp.) (Found: C, 54:9; H, 7-7. C,gH, OS requires (, 
55:4; H, 7-7%). The dinitrophenylhydrazone crystallised from alcohol as yellow needles, m. p. 137° (Found: N, 17-4 
C12H,,0,N,S requires N, 18-0%). 

2-Ethoxalyl-3-keto-4-ethyltetrahydrothiophen (III; R = R’ = Et).—A mixture of the ketone (2-0 g.), ethyl oxalate 
(3-0 g.) and dry, peroxide-free ether (10 c.c.) was added to powdered sodium (0-46 g.) under dry, peroxide-free ether. 
After addition of alcohol (0-5 c.c.), the mixture was gently refluxed for 3 hours and kept for 24 hours at room temperature. 
Cold water was added, the aqueous layer acidified with cold dilute hydrochloric acid and the product collected in 
ether. Removal of the solvent in vacuo left a brown solid (ca. 2 g.). It crystallised from alcohol in light yellow needles, 
m. p. 54—55° (Found: C, 52:1; H, 6-0; S, 14:4. C,)H,,O,S-requires C, 52:2; H, 6-1; S, 13-9%). The eséer in alcohdl 
gives an intense, almost black, colour with aqueous ferric chloride. 
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187. Leptospermone. Part II. 
By L. H. Briccs, C. H. HassaLi, and W. F. SHorrt. 


Further evidence for the structure of leptospermone has been obtained by oxidative disruption. 


In Part'I (Briggs, Penfold and Short, J., 1938, 1193) it was suggested that the naturally occurring B-diketont 
leptospermone may be represented by (I) and further evidence for this structure has now been obtained. 
Bromination of leptospermone in chloroform solution affords a tribromo derivative, C,;H,,O,Br,, and since the 
bromine atoms are removed by acidified potassium iodide, it is evident that they are all in a-position to4 
CO group. Reductive hydrolysis of leptospermone with zinc dust and aqueous sodium hydroxide affords 
dimethylmalonic acid, isobutyric acid, isovaleric acid and probably diisopropyl ketone, so that complete 
disruption of the ring occurs just as in the oxidation experiments described in Part I. 
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Oxidation of anhydroleptospermonephenylhydrazone (Part I) with potassium permanganate affords a 
1-phenylpyrazoledicarboxylic acid, C,;H,,O,N, (methyl ester, m. p. 191°) which gives the fluorescein reaction 
and loses carbon dioxide on heating. This acid is probably 1-phenyl-3-isobutylpyrazole-4 : 5-dicarboxylic acid 
(II) or 1-phenyl-5-isobutylpyrazole-3 : 4-dicarboxylic acid, but attempts to confirm the structure by oxidation to 
]-phenylpyrazole-3 : 4 : 5-tricarboxylic acid were unsuccessful, the compound either being unaffected or 
extensively degraded by a variety of oxidising agents. 

Leptospermone and alcoholic semicarbazide at room temperature afford hydrazodicarbonamide and two 
isomeric pyrazoles, C,,;H,,O,N,, m. p. 130° and 113°. A carbonamide group is lost during the reaction as in 
the case of other 6-diketones (Wislicenus, Annalen, 1899, 308, 255; Posner, Ber., 1901, 34, 3973; Wallach, 
Annalen, 1903, 329, 109) and the same pyrazole derivatives are obtained from leptospermone and hydrazine. 
The production of a single anhydrophenylhydrazone is probably due to the steric effect of the phenyl group 
which inhibits the production of the isomer in which both potentially enolisable nuclear carbonyl groups 
participate in the formation of the pyrazole nucleus. 
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Oxidation of leptospermone with hydrogen peroxide in pyridine or ethyl alcohol yields di-isopropyl ketone, 
isovaleric acid and an acidic compound, C,,H,,0;, which cannot be an «-ketol (III) since it does not reduce 
ammoniacal silver nitrate or Schiff’s reagent. Hydrolysis with water at 120° affords isovaleric acid and a 
compound, C,,H,,0, which behaves as a strongly acidic f-diketone and exhibits the reducing properties of an 
a-ketol. Such an «-ketol could be produced from (III) by hydrolysis, but decisive evidence against this formula 
is provided by the observation that the initial oxidation product, C,,H,,0,, and C,,H,,O, formed by its hydro- 
lysis yield the same di-isovaleryl ester, C.,H,,0, (IV; R = CO-Bu*) with isovaleryl chloride in pyridine. The 
a-ketol, C, 5H ,,0,, is therefore regarded as 2: 4 : 6-iriketo-3 : 3 : 5 : 5-tetramethylcyclohexanol (V). The strong 
acidity of the compound indicates that it must be highly enolised and this probably accounts for our unsuccessful 
attempts to convert it by methylation into tetramethyliretol (VI) and its methyl derivative (VII) which were 
obtained by de Laire and Tiemann (Ber., 1893, 26, 2033) by the progressive methylation of iretol (2-methoxy- 
phloroglucinol).* ; 

The initial oxidation product of leptospermone is therefore formulated as (IV; R =H). Its formation is 
reminiscent of the production of enol-acetates in the oxidation of «8-unsaturated ketones with peracids (Boese- 
ken and Kremer, Rec. trav. chim., 1931, 50, 827) and a number of similar oxidations are recorded in the literature 
(Burckhardt and Reichstein, Helv. Chim. Acta, 1942, 25, 1434). Leptospermone, however, is not attacked 
by perbenzoic acid. 

Oxidation of the triketoalcohol (V) with selenious acid in alcoholic solution affords a yellow triketone, 
C,H,,0,, and a small quantity of a colourless compound, C,,H,,O, or C,H,,0O,; the latter was not examined 
further. The triketone affords a qguinoxaline and, on oxidation with hydrogen peroxide, yields a dibasic acid 
which must be tetramethylacetonedicarboxylic acid, HO,C-CMe,’CO-CMe,°CO,H, since on heating to 200° it is 
converted into di-isopropyl ketone. The triketone is therefore 1 : 2 : 4-triketo-3 : 3: 5: 5-tetramethylcyclo- 
pentane (VIII) and its production from (V) may involve the formation of a ketone hydrate which then undergoes 
ring contraction by the following mechanism which is applicable generally to similar transformations (de Neuf- 
ville and Pechmann, Ber., 1890, 28, 3375; Schonberg and Azzam, J., 1939, 1428) and exemplified by many 
a-ketols (Chaletzki, J. Gen. Chem. Russ., 1938, 8, 164, 225) : 


R-CO-CO-CO-R’ ——-> R-CO-C(OH),°CO-R’ <—— R-CO-CH(OH)-CO-R’ 


R-C(OH)-C(OH)-CO-R’ —> HO,C-CR(OH)-CO-R’ 


R-CO-CO-R’ <— R-CH(OH)-CO-R’ + CO, 


The high value of ¢ in the absorption spectrum of leptospermone in cyclohexane (see figure) requires the presence 
of a conjugated chromophore in the molecule and indicates that (I) exists in enolic forms. The band at 2730 a. 
(log ¢ = 3-93) indicates the conjugation of the ethylene linkage with a carbonyl group (Menschick, Page, and 
Bossert, Annalen, 1932, 495, 225; Woodward, J. Amer. Chem. Soc., 1940, 62, 1208; Evans and Gillam, J., 1941, 
815). On analogy with salicylaldehyde, o-hydroxyacetophenone and acetylacetone (Pfeiffer e¢ al., Annalen, 
1913, 398, 137; Hilbert, Wulf, Hendriks, and Liddel, Nature, 1935, 135, 147) strong hydrogen bond formation 
should occur in the enolised form of structure (I) but not in (IV; R = H) and would account for the fact 
that leptospermone is insoluble in aqueous sodium bicarbonate whereas the ester (IV; R = H) is soluble. 


* (Note added, July 30th, 1945.) Hydrolysis of leptospermone with 2n-hydrochloric acid at 120—130° affords 
tetramethylphloroglucinol, m. p. and mixed m. p. 189°, and other products. 
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Tetra- and penta-methylphloroglucinol, in which intramolecular hydrogen bonding cannot occur, are soluble 
in sodium bicarbonate solution (Spitzer, Monatsh., 1890, 11, 104). 
Leptospermone has some anthelmintic activity, as would be expected from its structural relation to the 
constituents of male fern root. 
425 T Synthetic experiments are in progress. 





EXPERIMENTAL. 


p-Toluidinoleptospermone.—A mixture of leptospermone (1 g.) and 
p-toluidine (1 g.) was heated at 100° for 4 hour, then boiled for 5 
minutes and poured into water. After washing with dilute acid, 
alkali, and water the product (1-21 g.) was crystallised from 60% 
aqueous alcohol (charcoal) from which it separated in needles, m. p, 
101° (Found: C, 74-55; H, 8-3; N, 3-95. C,,H,,O,N requires C, 74-4: 
H, 8-2; N, 3:9%). 

Bromination of Leptospermone.—A solution of leptospermone (2-66 
g.) and bromine (1-6 g.; 2 mols.) in chloroform (10 c.c.) evolved 
hydrogen bromide at once but decolorisation was complete only after 
6 weeks. The oily crystals obtained by removing the solvent were 
washed with ligroin (b. p. 80—100°) and recrystallised from the same 
solvent giving eee ae (0-6 g.) which separated in fine 
needles, 2. p. 95° yg : 35-75; H, 3-9; Br, 47-0. C,,H,,0,Br, 
requires C, 35-8; , 38; Br, 47-5%). The bromo-compound was 

2500 2700 2900 3700 readily soluble in ether, chloroform, dy and dioxan aad gave a 
Wave-/ength, A. slightly yellow solution in water. The bromine was estimated with 
potassium iodide and sodium thiosulphate. 

The experiment was repeated on twice the scale and after keeping for 3 months an attempt was made to distil the 
product at3mm. Decomposition occurred and crystallisation of the residue from boiling ligroin (b. p. 80—100°) afforded 
needles (1-5 g.) which sintered at 130° and melted at 138° after repeated crystallisation from ligroin—alcohol. The com- 
pound, which was insoluble in water and readily soluble in alcohol and in ethyl acetate, contained no bromine [Found: 
C, 67-25; H, 7-3; M (Rast), 234. C,,H,,O, requires C, 67-2; H, 7-°2%; M, 250). Concentration of the mother liquor 
gave a tarry solid (3-13 g.) separated by fractional crystallisation from ligroin into the compound, m. p. 138°, and a more 
soluble compound separating in needles, m. p. 113° [Found: C, 68-2; H, 7-7; M (Rast), 252. C,,;H,.O, requires C, 68-2: 
H, 76%; M, 264]. This compound contained no bromine and did not give colour reactions with tetranitromethane 
or in the pine-shaving test. 

Hydrolysis of Leptospermone.—When a solution of leptospermone (3 g.) in 15% aqueous sodium hydroxide (40 c.c.) 
was boiled for a few minutes the sodium salt of leptospermone separated as a white solid. After repeated crystallisation 
from ethyl acetate-ligroin the m. p. was not sharp but the sintering point remained constant at 217° (Found’: Na, 8-0. 
C,;H,,0,Na requires Na, 80%). The solid was soluble in water and acidification of the solution liberated leptospermone, 
A solution of leptospermone (15 g.) in 10% aqueous sodium hydroxide (800 c.c.) was boiled for 36 hours with zinc dust 
(30 g.) and then diluted to 1-2 litres with water and filtered. The alkaline filtrate was exhaustively extracted with ether 
and the dried ethereal solution evaporated. The residue consisted of the sodium salt of leptospermone (1-4 g.) anda 
neutral oil (80 mg.), b. p. ca. 98°, having a camphoraceous odour. The latter afforded a semicarbazone, m. p. 156-5— 
157°, which is the m. p. of diisopropyl ketone semicarbazone, but there was insufficient material for a mixed m. p. deter- 
mination. The alkaline liquid was saturated with carbon dioxide, and, after removing zinc carbonate, was extracted 
exhaustively with ether. In this way unchanged leptospermone (3-9 g.) was recovered and identified by conversion into 
its anilino-derivative, m. p. and mixed m. p. 91° (Part I, loc. cit.). The aqueous solution was then acidified with hydro- 
chloric acid and extracted exhaustively with ether. The crystalline part of the extract. (1-4 g.) consisted of dimethyl- 
malonic acid, m. P; 192°, identified by the preparation of dimethylmalonamide, m. p. and mixed m. p. 270°. The oily 

rtion (2-7 g.) of the extract was distilled giving isobutyric acid, b. p. 150—160° (2-2 g.), and isovaleric acid (0-3 g.), 
identified by preparing their anilides, m p.’s and mixed m. p.’s 97° and 105° respectively. 

Anhydroleptospermonehydrazones.—When a solution of leptospermone (5-32 g.), semicarbazide hydrochloride (8-88 g.), 
and crystalline sodium acetate (6-56 g.) in aqueous alcohol was kept for 28 days two solids had separated, one, m. p. 105°, 
on the surface of the liquid and the other, m. p. 245°, at the bottom of the vessel. Repeated crystallisation from water 
raised the m. p. of the higher melting product to 267° (decomp.) and it was identified as hydrazodicarbonamide (Found: 
C, 20:7; H, 5-4; N, 47-6. Calc. for C,H,O,N,: C, 20-3; H, 5-1; N, 47-56%). The solid isolated from the mother 
liquors was added to the product of lower m. p., the mixture was extracted with boiling alcohol and filtered from hydrazo- 
dicarbonamide. The alcoholic extract was fractionally crystallised from ligroin (b. p. 40—50°) and separated into two 
isomeric pyvazoles, (1) m. p. 130° (Found: C, 68-6; H, 8-25; N, 10-5, 10-9. C,;H,,.O,N, requires C, 68-7; H, 84; 
N, 10-7%), and (2) m. p. 113° (Found: C, 68-4; H, 8-4; N, 10-6%) which is more soluble. The same two compounds 
were produced when an aqueous alcoholic solution of leptospermone (1-3 g.), hydrazine sulphate (0-7 g.) and excess of 
crystalline sodium acetate was kept for a week at room temperature. 

Oxidation of Anhydroleptospermonephenylhydrazone.—Anhydroleptospermonephenylhydrazone (Part I, Joc. cit.; 
1-8 g.) was boiled with a solution of potassium hydroxide (1 g.) in water (150 c.c.) and potassium permanganate (20 ¢.) 
was added in portions to the boiling solution during 30 hours. The product was saturated with sulphur dioxide, cooled 
and filtered. The solid so obtained was extracted with warm dilute aqueous sodium hydroxide which left a resicue of 
the unchanged anhydrophenylhydrazone (0-1 g.). When the alkaline solution was acidified no solid separated aiter keep- 
ing for many hours but precipitation occurred at once when the walls of the vessel were scratched with a glass rod. The. 
acid (0-5 g.) so obtained was a hydrate melting indefinitely at 175—180° but, after drying over phosphoric oxide, th¢ 
m. p. rose to 210—212°. Recrystallisation from anhydrous ether raised the m. p. to 216—216-5° decomp. [Found: 
C, 62-5; H, 5-4; equiv. (by titration), 150. C,,H,,O,N, requires C, 62-5; H, 56%; equiv., 144].. The acid responded 
to the fluorescein test but did not give a coloration with alcoholic ferric chloride. Esterification of the acid was achieved 
(1) with excess of diazomethane ; (2) by the catalytic method with sulphuric acid ; (3) by heating the silver salt with methy! 
iodide in benzene solution; (4) by the action of methyl sulpha e on an aqueous solution of the sodium salt, or (5) by the 
successive action of thionyl chloride and methyl alcohol. The same neutral methyl ester was obtained in all cases and 
separated from methyl alcohol in glistening rods, m. p. 191° (Found : C, 64-7; H, 5-8; N, 8-4, 85. C,,H 90,N, requires 
C, 64-6; H, 6-3; N, 88%). 

Oxidation of Leptospermone with Hydrogen Peroxide.—Addition of hydrogen peroxide (10 c.c. of 100 vol.; 2 mols.) 
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to a solution of leptospermone (10 g.) in pyridine (50 c.c.) produced a strongly exothermic reaction which was moderated 
py occasional cooling in water. After keeping for 16 hours at room temperature, the solution was poured into a mixturé 
of conc. hydrochloric acid (53 c.c.) and ice. A pasty solid separated and the products were collected by repeated extrac- 
tion with ether. The ethereal solution was concentrated to 50 c.c. and extracted successively with saturated aqueous 
sodium bicarbonate and sodium carbonate. Evaporation of the extracted ethereal solution afforded a trace of an oil 
with a camphoraceous odour, b. p. 120°, which was identified as di-isopropyl ketone by preparing the semicarbazone, 
m. p. and mixed m. p. 156°. Acidification of the sodium carbonate extract afforded unchanged leptospermone (4-5 g.). 
Acrystalline solid (1-3 g.) separated when the sodium bicarbonate extract was acidified and crystallisation from ligroin 
(b. p. 40—60°) containing a little ethyl acetate furnished prisms of an ester, m. p. 115° [Found : C, 63-6; H, 7-7; M (Rast), 
992, 301; equiv., 276. C,;H..O, requires C, 63-8; H, 7-89%; M, 282]. Whenthe aqueous layer was extracted with ether 
it afforded a volatile acid, b. p. 170—177°, identified as tsovaleric acid by conversion into the anilide, m. p. &nd mixed 
m. p. 110°. The same ester was produced when the oxidation was carried out in presence of sodium hydroxide or in 
neutral alcoholic solution, Increase in the proportion of hydrogen peroxide reduced the quantity of unchanged lepto- 
spermone and increased the yield of neutral and acidic products without affecting that of the ester. 

The ester, C,,H,.O,, is readily soluble in alcohol, ethyl acetate and pyridine, moderately soluble in alcohol and almost 
insoluble in ligroin and in water. It gives a faint reddish-brown coloration with alcoholic ferric chloride. By the action 
of the appropriate acid chloride in pyridine solution it was converted into an acetate, m. p. 93° [Found : C, 63-0; H, 7-5; 
M (Rast), 324. C,,H,,O, requires C, 62-9; H, 7-4%; M, 324], and an isovalerate, m. p. 81° (Found: C, 65-6; H, 8-4. 
CopH oO, Tequires C, 65:5; H, 82%). Hydrolysis of the original ester or the acetate (1-7 g.) by heating with water 
(40 c.c.) under —-> at 120° for 24 hours afforded 2: 4: 6-triketo-3 : 3: 5 : 5-tetramethylcyclohexanol (1-0 g.) which 
separated from ligroin-ethyl acetate in prisms, m. p. 170° (Found: C, 60-4; H, 7-1. C,9H,,O, requires C, 60-6; H, 
71%). When the aqueous solution resulting from the hydrolysis of the ester, C,,H,,0,, was extracted with ether it 
afiorded isovaleric acid (0-2 g.), identified by conversion into the anilide, m. p. and mixed m. p. 110°. The triketo- 
alcohol must be highly enolised since it dissolved in aqueous sodium bicarbonate to a yellow solution, gave a violet-blue 
coloration with ferric chloride in neutral solution and formed a light brown chelate copper salt. It behaved as an a-ketol 
in reducing ammoniacal silver nitrate and Fehling’s solution. The acetate and isovalerate are insoluble in aqueous alkali. 
When the triketo-alcohol (0-1 g.), phenylhydrazine hydrochloride (0-2 g.), anhydrous sodium acetate (0-3 g.) and water 
(4c.c.) were heated at 100° for an hour, the product consisted of a red tar which deposited crystals on cooling. Re- 
crystallisation frorn ligroin containing a trace of ethyl acetate gave colourless needles, m. p. 115—-117° (decomp.) (Found : 
C, 62-6; H, 7-5. CyoH,,O,,C,H,N, requires C, 62-7; H, 7:2%). This compound was unstable and was decomposed by 
boiling conc. hydrochloric acid with regeneration of the triketo-alcohol; it is probably a phenylhydrazine salt rather 
than a hydrated preg weary 

Oxidation of 2:4: 6-Triketo-3 : 3: 5: 5-tetramethylcyclohexanol.—Selenium separated immediately when a solution 
of selenium dioxide (2-08 g.) in water (5 c.c.) was added to the triketo-alcohol (3-65 g.) in absolute alcohol (40 c.c.), and 
after heating at 100° for 7 hours the mixture was filtered and evaporated to dryness. The oily residue was unstable in 
moist air and could not be purified by crystallisation. Micro-sublimation at 40—50° at 3 mm. left a residue (see below) 
and gave 1:2: 4-triketo-3 : 3: 5 : 5-tetramethylcyclopentane which sublimed in golden yellow needles, m. p. 70—73° 
(Found ; C, 63-7, 63-7; H, 7-4, 7-4. C,H,,O, requires C, 64:3; H,7:1%). The triketone (0-1 g.) and o-phenylenediamine 
(0-06 g.), dissolved in acetic acid—alcohol and heated at 100° for 15 minutes, afforded a guinoxaline, m. p. 146° (Found : 
C, 74:5, 74:5; H, 6-8, 6-7; N, 11-2. C,,;H,,ON, requires C, 75-0; H, 6-7; N, 11-7%). A filtered benzene solution 
of the residue from the sublimation was evaporated and the residue sublimed at 60—70° at 3—5 mm. In this way 
a small amount of the triketone was obtained, but the main product consisted of colourless dome-like crystals (0-4 g.), 
m. p. 59° (Found: C, 59-7, 59-8; H, 7-6, 7-7; M (Rast), 214. C, 9H,,O, requires C, 60-6; H, 7:1%; M, 198. C,H,,0, 
requires C, 58°7; H, 65%; M, 184]. This compound is insoluble in dilute aqueous sodium carbonate but soluble in 20% 
aqueous sodium hydroxide to a yellow solution and does not give a coloration with ferric chloride solution. 

Oxidation of 1: 2: 4-Triketo-3 : 3 : 5 : 5-tetramethylcyclopentane.—When the triketone (0-8 g.) was added to a mixture 
of 90—100 vol. hydrogen peroxide (1 c.c.) and water (6 c.c.) the crystals dissolved in 5 minutes. Evaporation of the 
solution in a vacuum gave a quantitative yield of tetramethylacetonedicarboxylic acid which separated from ligroin-ethyl 
acetate in prisms, m. p. 130° decomp. (Found: C, 53-6; H, 7-0. C,H,,O, requires C, 53-5; H, 6-9%). When the acid 
(0-47 g.) was heated at 150—200° in a micro-distilling flask carbon dioxide was evolved and a liquid (0-22 g.) with a 
camphoraceous odour distilled at ca. 100° and afforded a semicarbazone, m. p. 156°, either alone or mixed with an authentic 
specimen of di-isopropyl ketone semicarbazone, 


We are indebted to Messrs. E. J. Batham and D. A. Medley, Hydatid Department, Otago Medical School, for experi- 
ments on the anthelmintic properties of leptospermone against: the hydatid worm (Echinococcus granulosus) in dogs. 
The optimum dose, 0-08 g. per kg. body-weight, caused the removal by vomiting of 60 terminal segments from 68 worms. 
This effect, however, is of little practical value since unless the whole worm is removed further segments are readily 
Tegenerated. 

The analyses are by Dr. Burger, Messrs. J. A. Mills, and C. Carter. 

We are indebted to the Chemical Society for continued grants. 
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188. Epimeric Alcohols of the cycloHexane Series. Part V. The Optically 
Inactive 3-Methylcyclohexanols. 


By A. Kitten Macsetu and J. A. MILILs. 


The dl-cis- and dl-trans-3-methylcyclohexanols have been prepared in the pure state and been characterised 
by a number of derivatives. The ¢vans-compound is the main product when m-cresol is hydrogenated under 
pressure with Raney nickel catalyst; the cis-compound is conveniently prepared by pressure hydrogenation of 
dl-3-methyleyclohexanone with the same catalyst. The isomers may readily be separated by forming the . 
Piperazine salts of their hydrogen phthalates, as the physical characteristics of these salts are such as allow - 
a Pee separation by flotation to be effectively applied. 

B 
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3-METHYLcycloHEXANOL is a very suitable subject for a stereochemical investigation, as the spatial configu. 
ations of the epimers are related in a fundamental way to those of the naturally-occurring terpene alcoho, 
As the molecule presents the features involved in cis—trans isomerism, and as the carbon atoms 1 and 8 are bot) 
asymmetric, the full study of the isomerism involves the preparation and examination of the four isomer 
written below, namely d- and /-cis- and trans-3-methyleyclohexanol, and the corresponding d/-compounds. 
The 3-methylcyclohexanols have been investigated previously, but the data available show some serioy 
discrepancies, and in no case has the examination been complete. Methods for preparing the dl-cis- (Ia anj 
Ib) and the dl-trans-(Ila and IIb) compounds in quantity in the pure state are now described, togethe 


H Me 


‘ 
- 


Hy Hs 

BA AH . 
H, OH H, OH H,. OH 
(Ia.) (Ib.) (IIa.) 


with the characterisation of the pure substances by physical constants and by suitable derivatives. Knoevenag:| 
(Annalen, 1896, 289, 142) first prepared d/-3-methylcyclohexanol by the reduction of dl-3-methylcyclohexanon 
and of dl-3-methyl—A*-cyclohexenone. He assigned the trans-configuration to the alcohol obtained by alkaline 
reduction, and assumed that the cis-form was the product of acid reduction. Present day views would support 
this classification but as his trans-form had the higher density and refractive index, at least one of his isomer 
was impure. Pickard and Littlebury (J., 1912, 101, 115) obtained a 3-methylcyclohexanol as a by-product 
from the catalytic hydrogenation of thymol, and this was probably mainly the tvams-form. Auwers and 
Schmeltzer (Chem. Zentr., 1927, II, 1562) and Skita and his co-workers (Ber., 1931, 64B, 2878; Annalen, 1923 
431, 1) also isolated the 3-methylcyclohexanols as hydrogenation products, but their materials were not pure, 
The 3 : 5-dinitrobenzoates, for example, were used to purify the product of their hydrogenations of m-cresol, 
an unfortunate choice, as the dl-eis- and dl-trans-forms give 3 : 5-dinitrobenzoates which do not differ greatly 
either in melting point or solubility; and there is a difference of some 20° in m. p. between Skita and Faust's 
figure and that now recorded for di-cis-3-methylcyclohexyl 3 : 5-dinitrobenzoate. Gough, Hunter, and Kenyon 
(J., 1926, 2052) submitted’ the p-nitrobenzoates to fractional crystallisation in order to separate and purify the 
dl-cis- and dl-trans-alcohols which they described, but we have found this method also unsatisfactory. In. 
complete separation of the epimers probably explains the conflicting m. p.s given for solid derivatives of the 
isomers in the literature. The figures for the derivatives now described are given in the table, and the occurrence 


of dimorphism in the case of two derivatives was noted. 


Derivatives of 3-Methylcyclohexanols. 
Hydrogen p-Nitro-. 3:65-Dinitro- Phenyl-  a-Naphthy!- 
ne, az. phthalate. benzoate. benzoate. urethane. urethane. 
MSE ORES 0-9137 72° 63° 111° 91° 118° 
84 103 
TINIE... 2 vkns div ccciccctsate 1-4573 0-9072 94 48 99 92 130 


m-Cresol is the most convenient source of 3-methylcyclohexanol, but whereas previous workers generally 
used platinum catalysts or the less active forms of nickel it is now found that the phenol may be readily 
hydrogenated in large quantities in the homogeneous state by the use of Raney nickel and hydrogen under 
high pressure. The product is predominantly trans-3-methylcyclohexanol and, contrary to the statement of 
Gough, Hunter, and Kenyon (loc. cit.), it can be recovered as the hydrogen phthalate. This derivative solidified 
on standing and readily yielded pure dl-trans-3-methylcyclohexyl hydrogen phthalate on treatment with light 
petroleum. ? 

The small quantity of the cis-compound could not be recovered economically from the residual material 
from the above preparation, but it was obtained (ca. 70%) by reduction of 8-methylcyclohexanone in acid media. 
Electrolytic reduction of alcoholic solutions containing sulphuric acid, and catalytic reduction using platinum 
oxide in’ glacial acetic acid, both gave yields rich in the cis-form, but optimum conditions were worked out for 
pressure hydrogenation of the ketone using Raney nickel, as this enabled work to be done conveniently and ona 
much larger scale. The rate of hydrogenation and the yield of the cis-isomer increase up to a temperature of 
about 140°; the rate of hydrogenation continues to increase with further rise of temperature, but the pro- 
portion of cis-form in the product becomes less. A reasonably exact method of assaying the relative proportion 
of the epimers in the hydrogenation products was based on density determinations after the preparation of pure 
specimens of the cis- and trans-compounds and determination of their physical constants. The difference it 
the refractive indices of the two forms is too small to be applied in this way, but the fraction x of the cis-form 
present in a mixture whose d{*" value is a, is given by the expression oe = 0-9137 — 0-9072. 

A convenient method of separating mixtures of almost any proportions of the cis- and trans-forms consists 
in acting on the hydrogen phthalates with piperazine, in the ratio of one molecule of the base to two molecules 
of the acid phthalate. Acetone was found to be a suitable solvent, but traces of water must be present for 
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satisfactory operation, as then the salts formed may be separated mechanically by flotation on account of their 
ery different physical properties. As the salts are somewhat unstable it proved best to recover the hydrogen 
phthalates from the crude separated piperazine salts. The recovery of purified hydrogen phthalates was 


efiective, only relatively small amounts of piperazine being required and the base itself being readily 
recovered for further use. 


In the course of preparation of pure derivatives for the characterisation of the epimeric alcohols it was 
found that dl-cis-3-methylcyclohexanyl phenylurethane and dl-cis-3-methylcyclohexanyl hydrogen phthalate 
exist in two modifications, a lower-melting (8) form which could in each case be converted into a higher melting 
(«) form on heating. The a- and §-phenylurethanes can be reproduced at will, the «-form (m. p, 103°) separating 
from light petroleum, and the $-form (m. p. 91°) crystallising from alcohol—water mixture. Skita and Auwers 
(loc. cit.) described the dl-cis-phenylurethane as melting at 90° whereas Gough, Hunter, and Kenyon (loc. cit.) 


gaveitsm. p.as 103°. The proof of the existence of the two modifications reconciles these apparently conflicting 
reports. : 


EXPERIMENTAL, 


Hydrogenation of m-Cresol.—In a typical reduction m-cresol (90 g.) with Raney nickel (ca. 4 g. in 20 c.c. abs. alcohol) 
was shaken with hydrogen at an initial temperature of 150° and pressure 2,000 Ib./sq. in. The reaction started 
immediately and the temperature soon rose to 200° at which the hydrogenation was allowed to proceed, the pressure being 
maintained above 1,000 Ib. by passing in hydrogen as required. Reaction was complete in about 1-5 hours. After 
filtration from the catalyst, the product was stirred with dilute alkali to remove traces of phenol and then continuously 
extracted with ether. After drying the ethereal extract over anhydrous magnesium sulphate and removing the solvent, 
crude, pale-yellow 3-methylcyclohexanol (85 g.) was recovered. After distillation this had d}%° 0-9082 indicating ca. 85% 
trans-epimer. 

The crude material from such hydrogenations was esterified by heating overnight at 110—115° with 1-1 mol. phthalic 
anhydride, the syrupy product was stirred whilst hot into sodium carbonate solution (1-5 mols.; 5%) and agitated till 
dissolved. Traces of oil (possibly methylcyclohexene) were removed by ether, the carbonate solution acidified with conc. 
HCl, and the precipitated syrup dissolved in chloroform to separate traces of phthalic acid. After removal of the 
chloroform (under reduced pressure at the end) the hydrogen phthalate was left standing with occasional stirring and, 
after some days, became semi-solid. The sticky solid was stirred with twice its volume of ligroin (b. p. 60—90°), filtered, 
and washed with the same solvent. Recrystallised four times from the ligroin it formed transparent prisms of dl-trans- 
3-methylcyclohexyl hydrogen phthalate, m. p. 94° (Found: C, 691; H, 7-1. Calc.: C, 68:7; H, 6-9%). Further 
quantities were recovered from the mother-liquors. 

Attempts were made to separate the liquid hydrogen phthalate recovered from the light petroleum trituration by 
formation of metallic salts (Pickard and Littlebury, Joc. cit.) but, although on the small scale the ¢rans-compound could be 
recovered by fractional crystallisation of the calcium salt, no salt suitable for isolating the cis-form was discovered. 

dl-3-Methylcyclohexanone.—The conditions prescribed by Beckmann (Amnalen, 1889, 250, 325) for the oxidation of 
l-menthol did not give good yields when applied to 3-methylcyclohexanol. Yields approaching 90% were obtained by the 
modified procedure described in a typical case, and never more than traces of unchanged alcohol were present. 
dl-3-Methylcyclohexanol (70 g.) recovered from the above hydrogen phthalates was mixed with water (500 c.c.) and 
potassium dichromate (66-0 g., 10% excess) in a three-necked 2-1. flask fitted with a mechanical stirrer, thermometer 
and dropping funnel. Sulphuric acid (93%, 57 c.c.; 20% excess) was dropped in to maintain the temperature at 50— 
60°. Towards the end, the temperature fell and, after addition of all the acid and cooling, the mixture was extracted 
with ether, the extract washed thrice with sodium hydroxide (5%), then with water and dried over magnesium sulphate. 
After removal of the solvent the ketone was distilled, b. p. 64—65°/30 mm. 

Hydrogenation of dl-3-Methylcyclohexanone.—(a) The ketone (25 g.) in glacial acetic acid (100 c.c.) in a 250 c.c. flask 
was shaken at laboratory temperature and pressure with Adams (platinum oxide) catalyst (0-3 g.) after removal of air 
and introduction of hydrogen. Hydrogen uptake was slow and the catalyst had frequently to be reactivated. After 
10 hours reaction had ceased and ca. 87% of the theoretical amount of hydrogen had been absorbed. After removal of 
the catalyst and dilution, the acetic acid was neutralised with strong cooling and the mixture continuously extracted 
with ether. Unchanged ketone was removed from the extract by sodium bisulphite, and the extract washed, dried and 
distilled under reduced pressure gave d/-3-methylcyclohexanol (14 g.), d3%° 0-9117, indicating about 69% of the cis-epimer. 
() The methed used by Gillespie, Macbeth, and Swanson (J., 1938, 1820) for the electrolytic reduction of cryptone to 
dihydrocryptol was used. Each reduction was carried out with 25 g. of the ketone, and was complete in 2 hours at 
a temperature of 30—35°. The alcoholic solutionwas diluted with watéf and continuously extracted with ether, and the 
extract worked up as above. 3-Methylcyclohexanol (16 g.) with d32° 0-9119, indicating about 72% of the cis-epimer, was 
usually obtained. (c) Cooke, Gillespie, and Macbeth (J., 1939, 518) obtained a good yield of cis-dihydrocryptol by 
hydrogenation of cryptone over Raney nickel, and the preparation of 3-methylcyclohexanol rich in the cis-epimer by 
hydrogenation at a temperature of about 140° was satisfactory. This method was adopted in all preparations of the 
cis-alcohol on account of its convenience anid'good yields. The ketone (50—60 g.) mixed with Raney nigkel (3 g.) in abs. 
alcohol (20 c.c.) was hydrogenated in a glass-lined bomb at 140° the initial hydrogen pressure being 1,700 1,800 Ib. /sq. in. 
The hydrogen uptake extended over about 2 hours. After working up in the usual way 3-methylcyclohexanol, ay 
0-9122 (indicating 77% cis-epimer), was obtained in 85—90% yields. 

The dl-tvans-piperazine salt separated in masses of white needles when pure dl-trans-3-methylcyclohexyl hydrogen 
phthalate (1 g.) and piperazine hydrate (0-35 g.) were dissolved separately in warm acetone and the solutions mixed. 
Recrystallisation from boiling acetone (100 c.c.) yielded white needles, m. p. 135—136°, which separated slowly. The salt 
is insoluble in ether and paraffin hydrocarbons, moderately soluble in alcohol, ethyl acetate and hot benzene. The 
dl-cis-salt was prepared similarly and recrystallised from hot acetone, in which it is easily soluble and from which it 
Separates in shining granules having m. p. 122—123-5°. It is insoluble in ether, and more soluble than the é/vans-salt 
in other solvents, being readily soluble in cold alcohol and in chloroform. The salts are considered to be the neutral 
piperazine salts, C,H,(NH),,2C,H,,0,C-C,H,CO,H, although it was impossible to get exact analytical figures for this 
formula as the salts appear to contain variable amounts of water. 


_ The cis- and trans-salts could be separated when prepared from a mixture of the hydrogen phthalates by using about 
six times the weight of acetone. The following examples are typical. (a) The hydrogen phthalate (92 g.) formed from 


the alcohol prepared by the hydrogenation of 3-methylcyclohexanone was added to a solution of piperazine (36-5 g.) 
i warm acetone (600 c.c.). The reaction was exothermic and the acetone boiled. The hot solution was seeded -with 
crystals of both the pure salts and left two days undisturbed at room temperature. A mixture of fine white needles and 
glistening prisms separated and after breaking up the crusts the whole mixture was agitated with a turbine stirrer. The 
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. (6) Occasionally, particularly with mixtures containing predominantly ‘vans. 
ution with the ¢vans-salt alone caused the crystallisation of needles of the tvans-saj, 

"ons enna and seeding the filtrate with th 
cis-salt. ge ydrogenation product of m-cresol was mixe( 
with piperazine hydrate (55 g.) in hot acetone (900 c.c.). On seeding the hot solution, crystallisation started immediately 
and only needles appeared wien left overnight. These were separated (79 g.) and the filtrate, when seeded with the 
cis-salt and left for two days, deposited a mixture of needles (6 g.) and prisms (24 g.) which were separated as above, 
On strong cooling a low-melting product (18 g.) of mixed cis- and trans-forms separated. Its formation during larg 
scale separations is avoided by slow crystallisation without disturbance in a stoppered flask at room temperature. 

The salts remaining in the mother-liquors, after removal of the crystalline piperazine salts, are decomposed to the 
hydrogen phthalates for treatment again with piperazine. This is more satisfactory than attempted recovery by further 
concentration. For example, in the two separations described above, the mother-liquors, containing the low-meltin; 
mixture of salts (18 g.), were evaporated to small bulk and run into dilute hydrochloric acid. The hydrogen phthalat. 
(105 g.) recovered as a brownish syrup after extraction with ether was again converted into the piperazine salt, an¢ 
crystallisation and separation as above yielded the crude cis- (51-5 g.) and trvams- (31-5 g.) salts. From the total crud 
hydrogen phthalates (230 g.) employed in (a) and (b) above these relatively simple operations gave good recoveries of the 
crude cis- (128-5 g.) and trans- (134-5 g.) salts. The fact that the separation of cis- and trvans-salts was effected from mix. 
tures rich in either form is also of interest. ~ 7 

It was found more convenient and effective not to attempt to purify the piperazine salts but to decompose them ty 
hydrogen phthalates and purify the latter. (a) Crude dl-trans-piperazine salt (110 g.) was dissolved in boiling methand 
(250 c.c.) and the hot solution stirred into cold HCl (600 c.c.; 5%). The hydrogen phthalate separated as an oil and was 
recovered by ether extraction (thrice). After removal of the solvent the crude hydrogen phthalate (92 g.; 95% 
recovery) was recrystallised thrice from light petroleum (b. p. 60—90°) giving the pure product (51 g.). The mother 
liquors were used for crystallising further batches of the crude material. (b) The crude cis-salt (85 g.) when similarly 
decomposed gave the crude hydrogen phthalate (66 g.; 91% recovery) which yielded the pure product (26 g.) after three 
crystallisations from light petroleum (b. p. 40—90°). 

The purified hydrogen phthalates were hydrolysed and the liberated alcohol separated by steam distillation of the 
solution containing aqueous sodium hydroxide (3 mols., 10%). The distillate was continuously extracted with ether, 
the extract dried with anhydrous magnesium sulphate and, after removal of the solvent, the alcohol was distilled under 
reduced pressure. This gave (93% yield) dl-trans-3-methylcyclohexanol, b. p. 60°/2 mm.; nj” 1-4573; 32" 0-9072. 
Similarly dl-cis-3-methylcyclohexanol was obtained having b. p. 72—73°/20 mm.; n}* 1-4583; aie" 0-9137. 

Derivatives of the 3-Methylcyclohexanols.—dl-trans-3-Methylcyclohexyl p-nitrobenzoate crystallised from methanol- 
water in pale-yellow feathery crystals, m. P. 47-8° (Found : C, 63-9; H,6-4. Calc.: C, 63-85; H, 65%). di-cis-3-Methyl- 
cyclohexyl p-nitrobenzoate crystallised from the same solvent had m. p. 62—63°. dl-trans-3-Methylcyclohexy] 3 : 5-di- 
nitrobenzoate separated frora ligroin or methanol—water in almost colourless granules, m. p. 99° (Found: C, 54:5; 
H, 5-2; N, 9-15. Calc.: C, 54-6; H, 5-4; N, 91%). The a-naphihylamine complex was precipitated by adding a 5%, 
ethereal solution of the dinitrobenzoate to a slight excess of a-naphthylamine in 85% alcohol. It recrystallised from 
light petroleum in long, brick-red needles having m. p. 142—143° (Found: C, 63:9; H, 5:5. C,H ,,0,N,,C, H,\ 
requires C, 63-8; H, 56%). dl-cis-3-Methylcyclohexy] 3 : 5-dinitrobenzoate separated from methanol in long, colourless 
needles having m. p. 110—111° (Found: C, 54-5; H, 5-2. Calc.: C, 54:5; H, 5-2%). The a-naphthylamine complies, 
made as above, separated from ligroin in fine, brick-red needles, m. p. 129-5—-130-5° (decomp.) (Found: C, 63-75; H, 
5-65. CgyH,,0,N, requires C, 63:8; H, 5-6%). dl-trans-3-Methylcyclohexanyl a-naphthylurethane was prepared by 
mixing the alcohol and a-naphthyl isocyanate in equimolecular quantities in a little light petroleum. The solid which 
separated was recrystallised from light petroleum and had m. p. 128-5—129-5° (Found: C, 76-5; H, 7-5. C,,H,,0,N 
requires C, 76:3; H, 75%). dl-cis-3-Methylcyclohexanyl a-naphthylurethane crystallised from light petroleum a 
brilliant slender needles having m. p. 117-5—118-5° (Found: C, 76-25; H, 7-4. C,,H,,0O,N requires C, 76:3; H, 7-5%). 
dl-trans-3-Methylcyclohexanyl phenylurethane was prepared in a similar way and purified by recrystallisation from 
light petroleum (charcoal) ; but there was some difficulty in obtaining it with a constant and definitem. p. It crystallised 
in small pearly plates, m. p. 91—92° (Found: C, 71-9; H, 82; N, 6-05. Calc.: C, 72-05; H, 8-2; N, 6-0%). 
dl-cis-3-Methylcyclohexanyl phenylurethane, recrystallised from light petroleum, separated in flat hexagonal prisms, 
melting at 101—103° with some softening ca. 80—90° (Found: C, 72:15; H, 82. Calc. for C,,H,,O,N: C, 72-05; H, 
8:2%). The compound is dimorphic and can be obtained as the a-form when crystallised from light petroleum or as the 
unstable £-form from dilute alcohol from which it separates as white needles which melt at 90—91° but quickly solidify 
to melt again at 100—102° on continued heating (Found: C, 71-95; H, 8-25. Calc. for C,,H,,0O,N : C, 72-05; H, 8:2%). 

dl-cis-3-Methylcyclohexyl hydrogen phthalate is also dimorphic. The cis-alcohol was heated with 10% excess of 
phthalic anhydride in pyridine at 50—60° for several hours, the mixture poured into dilute acid, and the hydroges 
phthalate extracted with ether. On working up in the usual way the hydrogen phthalate was obtained as a white 
solid melting from 60—65°. It was recrystallised from light petroleum and separated on slow crystallisation as hari 
nodules and after three crystallisations the m. p. was 68—71°. This was the lower-melting or 8-form (Found : C, 68°75; 
H, 7-05. Calc.¥for C,,H,,0,: C, 68-7; H, 6-9%). When finely powdered the substance describefl above was found to 
melt at 82—83-5°. The melt of this, and also of the uncrushed nodules having m. p. 68—71°, was found to have m. p. 
81—83°. On dissolving the nodular crystals in light petroleum and seeding with some of the solid which had bee! 
melted and cooled the higher-melting, a, form of hydrogen phthalate quickly separated in transparent irregular crystals 
having m. p. 82—83°. This form is identical with the dl-cis-hydrogen phthalate obtained from the piperazine salt 
separations described above (Found: C, 69-2; H, 7-0%). 


One of us (J. A. M.) wishes to thank the Federal Research Fund for a Fellowship which enabled him to participate 
in this work. 
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Heat Deactivation of a Palladium Catalyst. By Davip T. Gipson. 


HE semi-hydrogenation of ethynylcyclohexanol was successfully effected by Cook and Lawrence (J., 1938, 58) but not 
by Bergmann and Bergmann (J. Amer. Chem. Soc., 1937, 59; 1146) by interrupting the process when the required amount 
of hydrogen had been taken up. Since then Paul and Hilly (Bull. Soc. chim., 1939, 6, 218) and Thompson and Wyatt 
J. Amer. Chem. Soc., 1940, 62, 2555) have shown that Raney iron reduces acetylenes to ethylenes and that the reaction 
stops there, but their experiments required high pressure, 50—100 atmospheres. 

Bourgel (Bull. Soc. chim., 1927, 41. 1444) describes a palladium—starch catalyst which effects semi-hydrogenation at 

ordinary pressure, but his catalyst is somewhat troublesome to prepare, involving dialysis for several days. 

The vinyl alcohol may be very conveniently isolated by using a modified Pd—BaSO, catalyst at atmospheric pressure. 
he ordinary catalyst (Weyl, Methoden, II, 270) is heated in air in an electric oven at 600° for 20 minutes. Using this 
atalyst, absorption of hydrogen by ethynylcyclohexanol is smooth until one molecule has been taken up when absorption 
eases. Thus ethynylcyclohexanol (9 g.) dissolved in methanol (30 c.c.) with Pd—BaSO, (0-2 g.) took up 1610 c.c. of 
hydrogen (calc., 1620c.c.) in 9hours. Absorption was steady at 210 c.c./hour for the first seven hours falling abruptly 
0 20 c.c./hour after 9 hours. The product was shown tobe essentially, vinylcyclohexanol by dehydration to vinyl- 
pages: — by condensation with maleic anhydride to give the product described by Cook and Lawrence (/oc. 
it.) in good yield. 

Catalysts heated at 700° and 800° effected no reduction at all; those at 300° allowed the reaction to proceed to 
——— mn. without any appreciable break in the curve. —-UNIVERSITY OF GLAasGow. [Received, 
pril 26th, 5. 





The Reaction Between 1-Thiolbenzthiazole and Trichlorotriethylamine. By Ratpu F. REYNOLDs. 
]-THIOLBENZTHIAZOLE (I) and £§’8”-trichlorotriethylamine (II) were found to react with elimination of hydrogen chloride 


+ 


o give £6’B’’-tri(benzthiazole-1-thio)triethylamine, CX 


C*S:CH,°CH,* |,N (III), in approximately 30% yield. 
s/ 

Over 80% of the 1-thiolbenzthiazole entered into reaction and the other products consisted of a small quantity of an 
orange-yellow solid together with much brownish oil. The compound, (III), was precipitated from its solution in con- 


The author wishes to thank Miss K. M. Dyce-Sharp for assistance and the Directors of the Andre Rubber Co., Ltd., 


~ gma se to publish.—ANpDRE RuBBER Co., Ltp., Kincston Bypass, SURBITON, SURREY. [Received, May 16th, 





Rose. 


2 : 4-DINITROPHENYLSEMICARBAZIDE (I) was first described by Kniphorst (Rec. trav. chim., 1925, 44, 724), who prepared 
it from N-2: 4-dinitrophenyl-N’-ethyl-N’-nitrourea and hydrazine hydrate. Barré and Piché (Canad. J. Research, 
1941, 19, 158) prepared (I) by heating 2 : 4-dinitrophenylurea with hydrazine hydrate in alcohol, and gave the m. p. as 
178°; Kniphorst (loc. cit.) gave m. p. 195—197°. Kniphorst showed that (I) gave derivatives with acetone and with 
benzaldehyde, but no systematic attempt has been made to use this material as a reagent for the characterisation of 
aldehydes and ketones. 

.Compound (I) can be prepared readily by the interaction of N-2 : 4-dinitrophenyl-N’-nitrourea (Reudler, Rec. trav. 
a 1914, 38, 35) and hydrazine hydrate in alcoholic solution; the material has the constants recorded by Kniphorst. 
With aldehydes and ketones, (I) gives characteristic derivatives which are insoluble in water and very sparingly soluble 
in the common organic solvents. These derivatives may be prepared by addition of the carbonyl compound to a boiling 
saturated alcoholic solution of the reagent; under these conditions precipitation is usually immediate, but if slow, can be 
greatly accelerated by the addition of a few drops of hydrochloric acid. Alternatively, if it is necessary to prepare a 

vative, it is advantageous to use a solution of the reagent in hot glacial acetic acid in which it is easily 
solution of the hydrochloride of (1) in 2n-HCl may be used qualitatively to detect the presence of an alde- 
she ; with a 0-5% aqueous solution of acetone, a precipitate is formed in ten minutes, and with a 1-:0% solution 
ee isimmediate. ~ ‘ 
hy, The 2; 4-dinitrophenylsemicarbazones canbe hydrolysed by boiling with 2n-sulphuric acid, and the ketone or alde- 
yde recovered by steam distillation. 


2: 4-Dinitrophenylsemicarbazide. A Reagent for Aldehydes and Ketones. By (Miss) J. L. McVeicu and 
J. D. 





Notes. 


The 2 : 4-dinitrophenylsemicarbazones of the following aldehydes and ketones have been prepared and are listed jy 
the Table below :— 
Analysis. r 
Aldehyde or ketone. M. p. of deriv. Formula. Required N%. Calc. N%. 

Formaldehyde  .............csseccescesseseees 207° (decomp.) C,H,O0;N, 27-4 27-6 
PAINS 5a 55) csv cescdes aticcstscizece” “BOO C,H,O,;N, 25-9 26:2 
Crotonaldehyde 2.6 ...6...0cccccsscccesscccee 200 C,,H,,0;N; . 23-9 
m-Butyraldehyde  ..........ccsccscccscccceee 196 11H1,;0;N, 23-7 
isoButyraldehyde .............csceccscceceee 209 C,,H,,0,;N; 23°7 
OD © Bae bad coc cssssc ccc cctcngeensas® at 12H,0,N, 22-0 
I Bi Sik orci ses cic cccdeccscccsics SE ® C,,H,,0;N; 
p-Dimethylaminobenzaldehyde 247 (decomp.) C,.H,,.0O;N, 
DITO ids hdd ck sidceacck evindsncess SO 


to 
+x 
o 


15H 306N5 
o-Chlorobenzaldehyde  ............s00008. 248 C,,H,.0,N,Cl 
Cinnamaldehyde _................sssee0e2e. 231 (decomp.) C,,.H,,;0;N,; 
Methyl ethyl ketone . avaiekre see bb eeg ae vl 1141330;N, 
Methyl n-propyl ketone ...............04. 207 3 C,,H,,;0;N, 
Methyl isobutyl ketone ..................... 225 oy C,,;H,,0,N, 
Methyl -hexyl ketone ..................... 192 ‘a C,;H2,0,;N; 
TEGRYE MOCCORORENED | ns. occscccccccceveccccee 179 
5-Diethylaminopentan-2-one ............ 175 C,,.H,O;N, 
Di-isopropyl ketone ...............s0eee000. 202—203 C,,H,,0; 
CVCTPEBOMTIONIO ade ois otis. 0nc 05d iccncd coe sevses” ee C,3H,;0,N 
PII Si nah alas sy onecds naa vne'ves ces sadand. ame C,,H,,0,N 
GAD 8G cncdiw dos'see bie <ns scccveaienchochyes Se C.3H,;0;N 
Benzylideneacetone.............cessssessseeee 246 C,,H,;0;N; 


Acetophenone ..............ssseccecsesssccsess 245 (decomp.) C,;H,,0;N, 
Deoxybenzoin ............. & 228 


* Kniphorst (loc. cit.) gives 223°. 
+ Recrystallised from dioxan. Nitrogen found on samples dried in vacuo at 110°. 


13**15~"7-"5 


hm me DD DO b= bO DO DO DO ee bb bo OD 
SS SSSURKSShSesesurye 
DADTOAROCHAISBSOHEHWHDISOM 


2H 1995 5 


For recrystallisation of the semicarbazones, it is advisable to avoid ethers as solvents. From dioxan, many of the 
substances retain solvent of crystallisation which adheres tenaciously and which is removed completely only on prolonged 
heating at 110° under reduced pressure. 

2 : 4-Dinitrophenylsemicarbazide (I).—To hydrazine hydrate (150 g. of 50% w/w aqueous solution) in boiling 
ethanol (2 1.), N-2 : 4-dinitrophenyl-N’-nitrourea (Reudler, Joc. cit.) (200 g.) was added during # hr. Each addition 
caused vigorous effervescence (nitrous oxide) and, after 30 minutes crystals of the semicarbazide began to separate. 
When the addition was complete, the mixture was refluxed on the steam bath for one hour, cooled to 10° and the yellowish- 
brown crystals collected, washed with a little alcohol and dried (143 g.). Recrystallised from alcohol, it formed orange- 
yellow needles, m. p. 195—196° (decomp.). The hydrochloride, from alcohol, had m. p. 202—203° (Found: N, 25:1. 
C,H,0,;N;,HCl requires N, 252%). 

Benzaldehyde-2 : 4-dinitrophenylsemicarbazone.—The details of the preparation of this are given as an example of the 
use of the reagent. To a solution of 2 : 4-dinitrophenylsemicarbazide (0-31 g.) in boiling alcohol (40 c.c.) were added 
benzaldehyde (0-15 g.; ca. 1 mol.) and one drop of concentrated hydrochloric acid. The mixture was boiled for 5 minutes, 
during which yellow crystals began to separate, and cooled to 10°. The yellow needles (0-31 g.) were collected, washed 
with alcohol (5 c.c.), dried, and had m. p. 232° (decomp.), unchanged by recrystallisation from chlorobenzene (Kniphorst, 
loc. cit., gives m. p. 223°) (Found: N, 21-0. Calc. for C,,H,,O;N,: N, 21:3%). 

Analyses by Mr. E.S. Morton. M. p.’s are uncorrected.—RESEARCH LABORATORIES, IMPERIAL CHEMICAL INDUSTRIES 
Ltp., BLACKLEY, MANCHESTER, 9. [Received, June 13th, 1945.] 





B-(N-Dichloro)aminoethyl Hydrogen Sulphate (Sodium Salt). By K. H. PAusAcKER. 


Ir is claimed (I. G. Farbenind. A.-G., B.P. 427,943; Chem. Abs., 1935, 29, 6772), that certain aminosulphonic acids 
and the sulphuric acid esters of various amino-alcohols can be chlorinated, in the presence of anhydrous sodium acetate 
in acetic acid medium, to form N-chloro-substituted products. The formule ascribed to these substances are O<-NCI,R'% 
and O<-NCIR’R:X where X stands for either -SO,H or —O-SO,H. 

The reaction using B-aminoethyl hydrogen sulphate (I) has been examined, and the product isolated was found tol 
the sodium salt of B-(N-dichloro)aminoethyl hydrogen sulphate (II). - 

The conditions employed were almost the same as those described in the above patent, with the exception that three 
times as much anhydrous sodium acetate (3-08 mols. per mol. of I) was used. It was found that the lower amount, being 
insufficient to react with the hydrogen chloride formed, was unsatisfactory 


a — . 
(I.) ‘ H,N-CH,-CH,-O-SO, + 2Cl, -+ 3CH,-CO,Na —> Cl,N:CH,CH,-OSO,Na + 2NaCl + 3CH,‘CO,H 
| (II.) 


Compound (I) (70 g.) was mixed with anhydrous sodium acetate (125 g.) and glacial acetic acid (490 c.c.). The 
mixture was vigorously stirred, and chlorine passed through it (1-5 hours) until the solution had a permanent yellow 
colour. The temperature was kept below 40° C. Dry air was then passed through the mixture to drive off exces 
chlorine, and the solid filtered and washed with a little absolute alcohol[151 g.; available chlorine content (av. Cl), 35-4%l: 
86% ery an. a further amount of solid by the addition of benzene (15 g.; av. Cl, 44-6%). This corresponds to al 

% yield o . 

The pure compound (II) was obtained by extracting the combined solids with absolute methanol at 50—60° (Found: 
Na, 9-76; av. Cl, dg 3 C,H,O,NCI1,SNa requires Na, 9-90; av. Cl, 61-1%). It was a white crystalline solid readily 
soluble in water, and fairly stable in the dry state, although readily decomposed by boiling alcohol or water. 


The author wishes to thank the Chemical Defence Board, Melbourne, for permission to~ publish these results. 
UNIVERSITY OF MELBOURNE. [Received, July 11th, 1945.] . 
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Formation of Phthalides by the Diels-Alder Reaction. By A. W. JouHNSON. 
AccoRDING to recent papers of Heilbron, Jones and their co-workers (this vol., pp. 84, 88, 90) substituted tetrahydro- 
phthalides may be obtained by Diels—Alder additions of conjugated diene alcohols to maleic anhydride. 

A very similar reaction has been observed when the conjugated enyne alcohol 2 : 5-dimethylhexa-5-en-3-yn-2-ol 
(I) was added to acetylenedicarboxylic acid in benzene or ethyl acetate solution, 3: 3 : 5-trimethylphthalide-7- 
carboxylic acid (II) being obtained. An attempted addition of 2: 5-dimethylhexa-1 : 5-dien-3-yne (III; Mitchell and 
Marvel, J. Amer. Chem. Soc., 1933, 55, 4277) to acetylenedicarboxylic acid by heating the reactants at 140° in a sealed 
tube was unsuccessful, although a similar addition of (III) to maleic anhydride under these conditions has been reported 
(Butz, Gaddis, Butz and Davis, J. Org. Chem., 1940, 5, 386) and confirmed. Ethylenic compounds in general appear to 
undergo Diels-Alder additions with greater ease than their acetylenic analogues (cf. Sargent, Buchmann and Farquhar, 
J. Amer. Chem. Soc., 1942, 64, 2692). 

It is therefore suggested that esterification is the primary reaction in the Diels-Alder addition of conjugated diene 
and enyne alcohols to maleic anhydride or acetylenedicarboxylic acid, and is followed by ring closure, e.g. 


Me,C-OH [ Mey Me,C 
Cc -COOH cele Oo O 
— 
: & ge RU me 


| Me C-COOH OOH 
L Pee (II.) 
CH,:CMe-C:C-CMe:CH, MeCH:CH:CH:CH:CO-OCH,C:CH MeCH(OH):CH:CH:-C:CH 
(III.) (IV.) (V.) 

All attempts to cyclise propargyl sorbate (IV) by heating alone or in the presence of iodine have been unsuccessful, 
as was an attempt to obtain-a phthalide by the addition of 3-hexen-5-yn-2-ol (V; Jones and McCombie, /., 1943, 261) 
to acetylenedicarboxylic acid. The presence of a free ethinyl group in either of the reactants therefore appears to 
decrease the ease of cyclisation. 

3:3: 5-Trimethylphthalide-71-carboxylic Acid.—2 : 5-Dimethylhexa-5-en-3-yn-2-ol (2 g.; Nazarov, Chem. Abstracts, 
1939, 38, 5682) and acetylenedicarboxylic acid (1-8 g.) in benzene (15 c.c.) were refluxed for 2 hours. The product was 
cooled, extracted with 2n sodium hydroxide solution (3 x 10 c.c.) and the alkaline extract acidified. The product was 
separated and after two crystallisations from benzene-ligroin (b. p. 60—80°) it was obtained as colourless plates (3-0 g. ; 
79%), m. p. 159—160° (Found : C, 65-65; H, 5-2; equiv. (titration), 222. C,,H,,O, requires C, 65-4; H, 5-4%; equiv., 

The product absorbed no hydrogen in the presence of Adams’s platinum catalyst. 

Propargyl Sorbate.—Propargyl alcohol (1 g.) was added to a solution of sorboyl chloride (2-4 g.; Staudinger and 
Schneider, Ber., 1923, 56, 710) in dry pyridine (3c.c.). The mixture rapidly darkened and external cooling was necessary. 
After standing at room temperature, the mixture was heated at 60° for 1 hour, cooled and made alkaline with 2N sodium 
hydroxide. The product was extracted with ether and the ethereal extract washed, dried and the solvent removed. 
Distillation of the residue gave propargyl sorbate as a pale yellow oil, b. p. 57°/0-07 mm.; nm} 1-5174 (Found : C, 71-8; 
H, 66. C,H,,O, requires C, 72-0; H, 6-7%). The ester, on treating with ammoniacal silver nitrate, gave a white 
insoluble silver derivative which exploded on heating. On standing in air, propargyl sorbate is converted to a yellow 


resin after a few days.— RESEARCH LABORATORIES, IMPERIAL CHEMICAL INDUSTRIES LIMITED, BLACKLEY, MANCHESTER, 9. 
[Received, July 13th, 1945.] 





The Preparation of Olefins from Aldehydes and Ketones. By R. H. GRIFFITH. 


ALTHOUGH the conversion of aldehydes and ketones to olefins can be effected by the two-stage process through the inter- 
mediate form of the alcohol, the direct hydrogenation to the hydrocarbon in good yield has not been described previously. 
Olefins have now been obtained by passing the vapours of aldehydes and ketones together with an excess of hydrogen. 
over a molybdenum oxide catalyst at 400°. The method appears to be of general application, but only a few examples 
have been examined in detail; these have given rise to heptene-1 from heptaldehyde, heptene-3 from dipropyl ketone, 
and styrene from acetophenone. ‘ 

The catalyst was prepared from powdered molybdic acid, either by making into a paste with water, extruding into 
rods of } in. diam. and breaking these into short lengths, or by compression into large cakes in a hydraulic press at about 
500 atms. pressure, and breaking into pieces of suitable size. The material was dried at 100° and heated in a stream of 
hydrogen at 400° for 2 hours. 

To a stream of hydrogen at 200 c.c./min., the liquid aldehyde or ketone was added from a saturator immersed in a 
thermostat at such a rate that about ten molecules of hydrogen accompanied each organic molecule. The mixture then 
entered an electric furnace in which 20 c.c. of catalyst were heated to the desired temperature; a thermocouple was 
embedded in the catalyst. The products leaving the reaction tube were cooled in ice and, when necessary, by solid carbon 
dioxide-acetone. In later experiments, liquid was added from a constant head device by displacement with mercury, 
. i up to 30 c.c./hour. The volume of product, including that of water formed, was approximately the same as that 

e feed. 

The degree of conversion to the hydrocarbon depends on the precise throughput and temperature employed, but it is 
generally desirable to work under conditions which leave some 30—40% of aldehyde or ketone unchanged or else hydrogen- 
ation of the double bond begins to be noticeable and the hydrocarbon products contain appreciable amounts of paraffins. 

After tion of water, the mixture was examined by fractionation in a small column with an efficiency of about 
12 theoretical plates, followed by determination of refractive index and density. The table shows the results obtained 
under conditions where the yield of olefin was about 60% of theory, in comparison with established values for pure 
hydrocarbons recorded in Physical Constants of the Principal Hydrocarbons, Doss (1939). 


a B. p. /760 mm. a, nv’. 
Original substance. Product. Obs. Rec. Obs. Rec. Obs. Rec. 
Hem propyl ketone ... Heptene-3 94° 95-9° 0-7044 0-7043 1-4030 1-4090 


eptaldehyde Heptene-1 94 94-9 0-7000 0-6993 1-4008 1-3999 
Acetophenone .. Styrene 142—146 143 0-9000 0-9038 1:5370 1:5440 


The evidence indicates the presence of some 10—15% of ethylbenzene in the styrene, but shows that the two heptenes 
Were practically free from paraffin. These conclusions were confirmed by bromine absorption results. 
f alitative experiments were also carried out with diisopropyl ketone and ethyl propyl ketone, which gave mixtures 
K olefins in the expected boiling point ranges.—Tue FuLtHaM Laporatory, THE Gas Licut anp Coke Company, 
ING's Roan, S.W. 6. [Received, July 17th, 1945.) 
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OBITUARY NOTICES. 


MAX BERGMANN. 
1886—1944. 


Max BERGMANN was born in Fiirth, Bavaria, on the 12th February, 1886, and died in the Mount Sinai Hospital, 
New York, after an illness lasting some months, on the 7th November, 1944. He leaves a widow and a son and 
daughter. ; 

Bergmann took his first degree at the University of Munich in 1907; from there he proceeded to Berlin, 
where he took the Ph.D. degree in 1911, in the same year becoming assistant to Emil Fischer. He worked 
with Fischer until the latter’s death in 1919, and in 1920 was appointed Privat-Dozent in the University of 
Berlin; at the same time he became Assistant Director and Head of the Department of Chemistry of the Kaiser 
Wilhelm Institut fiir Faserstoff-forschung. In 1921 he was appointed Director of the Kaiser Wilhelm Institut 
fiir Lederforschung in Dresden and was given the title of Professor in the Technische Hochschule of that city, 
The value of his work in leather research was recognised by the Presidency of the International Society of 
Leather Chemists which he held from 1928 to 1933. 

Bergmann held his post at Dresden until 1934, when the pressure of political events in Germany made the 
continuation of his scientific career there impossible, He therefore sought refuge in the United States where, 
in common with many others of his exiled fellow countrymen, he received a generous welcome. Shortly after 
his arrival he was made an Associate-Member of the Rockefeller Institute for Medical Research and in 1937 
he became a Member; this position he held until his death. For the last three years of his life he had 
largely abandoned his normal research work in order to devote himself to problems of military importance. 

In reviewing Bergmann’s scientific career it is convenient to trace its development from the period when he 
worked with Emil Fischer who was his teacher and who exercised a lasting influence upon him. 

No part of the great work of Emil Fischer in organic chemistry has proved to be of more importance than 
his contribution to knowledge of amino-acids. The hypothesis that the peptide bond is the fundamental 
linkage in the protein molecule which owed so much to his work, after some vicissitudes, holds its own twenty- 
five years after his death. On the foundation of Fischer’s work there has been built up a great structure of 
knowledge concerning the chemistry of amino-acids; not only have unexpected and highly interesting chemical 
properties of these compounds been revealed, but development of methods of synthesis of the amino-acids 
themselves and of peptides derived from them has made possible the detailed study and classification of the 
proteolytic enzymes. An outstanding part in this development has been played by Fischer’s pupil, Max 
Bergmann. 

The first important contribution to amino-acid chemistry made by Bergmann rested on his observation of 
the formation of oxazolines by the action of thionyl chloride on l-acylamido-2-hydroxy-compounds, followed 
by the acid decomposition of the oxazoline to give the amino-O-acyl derivative corresponding to the starting 
material. This was first (Bergmann, Brand, and Weinmann, Z. physiol. Chem., 1932, 131, 1) observed in the 
case of 8-hydroxy~y-benzamidobutyric acid and the work was later extended to N-benzoylserine (Bergmann 
and Miekeley, ibid., 1924, 140, 128); under the same conditions this gave 2-phenyloxazoline-4-carboxylic acid ' 
(I), which on treatment with acid yielded O-benzoylserine; the latter in turn reverted in alkaline solution to 
N-benzoylserine. 7 


socl 
CH,(OH)-CH(NH-COPh)-CO,H ———> CH,—CH-CO,H 


CH,(O-COPh)-CH(NH,)-CO,H 


Arising out of these experiments on acyl migration, a study was made (Bergmann, Miekeley, and Kann, ibid. 
1925, 146, 247) of the action of thionyl chloride on glycyl- and alanyl-serine; it was found that the normal 
anhydride was not formed but that two molecules of water were lost to give a diketopiperazine (II) which on 
hydrolysis yielded pyruvic acid and glycine or alanine; on the other hand reduction of the diketopiperazine 
R-CH(NH,)*CO-NH:CH-CO,H — 2H,0 O—NH—C=CH, 
: H,OH eee ee R-CH—NH—CO (II) 


from alanyl-serine (II; R == CH,) gave normal alanine anhydride; Bergmann remarks in this paper on the 
interest attaching to such easy chemical interconversions of alanine, serine and pyruvic acid, substances known 
to be metabolically related. 

In such transformations of alanine into serine or pyruvic acid the key position would be occupied by dehydro- 
alanine («-aminoacrylic acid or «-iminopropionic acid) and it therefore became of interest to study the formation 
and properties in general of derivatives of dehydrogenated amino-acids. Bergmann discovered (Bergman? 
and Stern, Amnalen, 1926, 448, 20) that the dehydrogenation of «-amino-acids could be readily effected by the 
action of acetic anhydride on their halogenoacyl derivatives. Thus, treatment of N-chloroacetylphenylalanin¢ 
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with acetic anhydride led directly to an oxazolone (2-methyl-4-benzylideneoxazolone ; III) identical with that 
obtained by condensing benzaldehyde with acetylglycine and from which N-acetamidocinnamic acid could be 
obtained. This was shown to be a general reaction, tyrosine behaving similarly, and «-bromopropionylalanine 


Cc eH ssCH=C——€0 
C,H 5°CH,° H-CO,H Ac,O - N O 
Teepe: eroencee Woy aD) 
3 


with acetic anhydride giving an oxazolone which on hydrolysis yielded pyruvic acid. Pyruvic acid was also 
obtained from a-N-chloroacetylasparagine, in this case presumably through the intermediate stage of oxalo- 
acetic acid (Bergmann, Kann, and Miekeley, Aunalen, 1926, 449, 135). 

The reactivity of the oxazolone group opens up possibilities of peptide synthesis with its aid. These were 
explored by Bergmann in an interesting paper (Bergmann, Stern, and Witte, ibid., p. 277) in which he showed 
inter alia that 2-methyl-4-benzylideneoxazolone would condense with glutamic acid to give the acetamidocin- 
namoy] derivative of the latter; reduction of the product gave a mixture of acetyl-l-(—) and -d-(+-)phenyl- 
alanyl-I-(+)glutamic acids which could be separated. In this paper also is described the preparation of 
oxazolones with saturated groups in the 4-position (e.g., 2~-methyl-4-benzyloxazolone by the action of acetic 
anhydride on phenylalanine); these were shown to be more reactive than the corresponding unsaturated 
compounds. 

The oxazolone method was used (Bergmann and Miekeley, ibid., 1927, 458, 40) to pursue further the question 
of intermolecular dehydrogenations of amino-acids; thus, by condensation of 2-methyl-4-benzylideneoxazolone 
with serine and reduction followed by dehydration of the product, a diketopiperazine (II; R = C,H,-CH,) 
was obtained which was an anhydride of phenylalanylaminoacrylic acid; in alkaline solution a shift of the 
double bond occurred to give the anhydride of a-acetamidocinnamoylalanine (IV). Similarly, it was later 
shown that the dehydrophenylalanyl residue could, under certain conditions, dehydrogenate aspartic acid 
(Bergmann and Ensslin, Z. physiol. Chem., 1928, 174, 76). 

A study of acylated amino-acids led to results of particular interest in the case of arginine. Bergmann 
found (Bergmann and Koster, Z. physiol. Chem., 1926, 159, 179) that the action of excess of acetic anhydride 
on this amino-acid gave a triacetyl anhydroarginine which, with water, yielded diacetyl urea and a-acetamido- 
piperidone, the latter in turn giving ornithine by hydrolysis; if the anhydride (V), instead of being decomposed 

O—NH—CH-CH, CH,’CH,CH,*CH(NH-CO:CH,)-CO 
C,H,*CH:C-—-NH—CO N rol 
(IV.) CH,CON:G-NH-CO-CH, (V.) 


with water, were brought into reaction with glycine ester the product split into the piperidone and the ester 
of diacetylglycocyamine; similarly, reaction of the anhydride with sarcosine led to creatine (Bergmann and 
Zervas, Z. physiol. Chem., 1928, 172, 277; 178, 80). In all these experiments the ornithine isolated was racemic ; 
the racemisation was ascribed to intermediate oxazolone formation under the influence of the acetic anhydride, 
and this racemising efféct of excess acetic anhydride on amino-acids was later shown to be a general phenomenon 
(Bergmann and Zervas, Biochem. Z., 1929, 208, 280). 

In 1932 Bergmann (Bergmann and Zervas, Ber., 1932, 65, 1192) made what was perhaps his greatest 
synthetical contribution by the development of the so-called ‘‘ carbobenzoxy ”’ method of peptide synthesis. 
This rests on the facts that benzyl chloroformate reacts readily with all amino-acids or their esters to give 
N-carbobenzyloxy-derivatives which can be converted into the acid chlorides or acid azides and brought into 
reaction with other amino-acids ; moreover, the carbobenzyloxy-residue can be removed fromthe acylated peptides 
so formed by catalytic reduction under the mildest conditions. , This discovery immediately opened an easy 
route to large numbers of peptides containing optically active amino-acids which had hitherto been difficult or 
impossible of access. The introduction by other workers of alternative methods of reductive elimination of 
the carbobenzyloxy-residue has extended the usefulness of the method to sulphur-containing amino-acids, so 
that it is now of almost universal application in the field of peptide synthesis. 

Bergmann himself employed the new technique mostly for the purpose of synthesising peptides which 
offered special features of interest as substrates for the study of enzyme action. The general question of the 
factors determining specificity among proteolytic enzymes had already attracted Bergmann, and his interest 
in it was doubtless stimulated by the discovery (Bergmann and Schleich, Z. physiol. Chem., 1932, 205, 65) of 
an enzyme in the kidney specifically capable of hydrolysing the dehydropeptides to which reference has been 
madeabove. From the time when he left Germany his efforts were largely directed towards the study of enzyme 
specificity, and the series of papers on this subject which has come from his laboratory at the Rockefeller 
Institute forms an impressive contribution. 

Attention was first turned to dipeptidase, and a detailed study of the action of this enzyme on synthetic 
substrates was made in which considerable attention was paid to stereochemical factors affecting the enzymic 
action (Bergmann, Zervas, Fruton, Schneider, and Schleich, J. Biol. Chem., 1935, 109, 325). 

From dipeptidase Bergman passed to the study of papain, the nature of the activity of which seems to 
have exercised a great attraction on his mind. At the time when he took up the work the plant enzymes 
papain, bromelin and ficin, as also the similar enzymes (‘‘ cathepsins’’) which cccur in the cells of animal 
tissues were regarded as proteinases and it was not thought that they were capable of attac king simple sub- 
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strates. Bergmann was able to show that, in fact, papain can split a number of amino-acid amides and simple 
peptides and that its hydrolytic action is independent of the presence of free ionising groups in the substrate. 
the same was found to be generally true of the cathepsins of animal tissues, from which it appeared that this 
group of enzymes had a much wider range of activity than the proteolytic enzymes of the alimentary tract, 
Justice cannot be done here to the large amount of detailed work on the specificity of papain and related enzyme 
which was carried out by Bergmann and his collaborators, among whom may be specially mentioned J]. § 
Fruton, but reference may be made to his study of the activation of papain which led him to doubt the oxi¢. 
ation—reduction theory of this process, and of syntheses accomplished with the aid of the enzymes. Such 
enzymic syntheses, for instance of an anilide from an acylated amino-acid, take an asymmetric course involving 
only the /-isomeride; the method has indeed been employed as a practical means of resolving two dl-amino. 
acids (Fruton, Irving, and Bergmann, J. Biol. Chem., 1940, 133, 703; Behrens, Doherty, and Bergmann, ibid, 
1940, 136, 61). 

Bergmann’s studies of enzymic specificity extended also to amino- and carboxy-peptidases, to chymo. 
trypsin and to pepsin; he made the outstanding discovery that certain simple synthetic substrates wer 
susceptible to attack by the latter enzyme. In two recent review articles Bergmann summarised his views 
on the classification and action of proteolytic enzymes; although some of his conclusions may not stand the 
test of time, yet he undoubtedly effected a very great clarification of a complex subject (Bergmann and Fruton, 
Advances in Enzymology, 1941, 1, 63; Bergmann, ibid., 1942, 2,49. In these two articles will be found a full 
bibliography of the work on specificity of proteolytic enzymes). 

Another matter which attracted much of Bergmann’s attention during the latter part of his career was 
the structure of the protein molecule. He approached this subject from an analytical point of view, devoting 
considerable time to the development of methods for the quantitative isolation of amino-acids. His first 
attempts were based on the use of complex acids which gave sparingly soluble salts of individual amino-acids: 
on the basis of analytical results obtained in this way he developed in collaboration with Niemann the so-called 
periodicity theory of protein structure, according to which the total number of amino-acid residues in the protein 
molecule may be expressed by the formula 2" x 3", where and m are whole numbers, and the number of 
residues of any individual amino-acid by 2" x 3™, where m, and m, may be 0 ora whole number. This attract- 
ively simple hypothesis appeared to be borne out by the first few cases studied, but later work by other 
threw doubt on its general validity; it is probable that Bergmann himself came to feel that the analytical basis 
for the theory was not sufficiently secure, and that this influenced him in pursuing further and making valuable 
contributions to the difficult problem of the quantitative isolation of individual amino-acids from hydrolysates 
_ of proteins. In the meantime, whatever the ultimate fate of the periodicity hypothesis, it has performed a 
valuable function in the stimulation of thought and of experimental work on the general problem of protein 
structure. 

The work on amino-acids and proteins which has been described represents Bergmann’s chief scientific 
interest which was maintained throughout his career. It must not be forgotten, however, that for a number of 

years he was Director of an institute for leather research, and there exist a large number of 

G papers under his name dealing with practical aspects of this problem; no attempt to review 

these papers is made in this Notice. Reference is desirable, however, to two notable contri- 
HO-CH butions which he made in the field of carbohydrate chemistry. In a paper published with 
H-C-OH Fischer (Fischer, Bergmann, and Schotte, Ber., 1920, 58, 510) after the death of the latter the 
H: correct constitution (VI) was assigned to the substance obtained by Fischer and Zach by 
CH,OH reduction of acetobromoglucose and named “ glucal ”’ under the erroneous impression that it 
(VI) contained an aldehyde group. In confirmation of the new constitution proposed, Bergmann 
(Bergmann and Schotte, Ber., 1921, 54, 440) established the position of the double bond by the isolation of 
arabinose after oxidation of triacetylglucal with ozone followed by hydrolysis. In a further series of papers 
the constitutions of various transformation products of glucal were established. 

Bergmann’s second main achievement in carbohydrate chemistry was the preparation (Bergmann, Zerv as, 
and Silberkweit, Ber., 1931, 64, 2436), by acetolysis of chitin, of a crystalline octa-acetylchitobiose, and the 
“presentation of satisfactory evidence that the glucosamine residues in this, and hence in the parent chitis, 
were linked in the 1: 4-positions. In connection with this work he synthesised various simple peptides of 
glucosamine (Bergmann and Zervas, Ber., 1931, 64, 975; 1932, 65, 1201) and made a detailed study of the 
deamination of glucosaminic acid (Bergmann, Zervas, and Silberkweit, Ber., 1931, 64, 2428). 

In this Notice no attempt has been made to give a comprehensive account of Bergmann’s work; the writer 
has selected only those aspects of it which seem to him to be the most important. It is hoped, however, that 
enough has been said to indicate that Bergmann was much more than a worthy upholder of the Emil Fischer 
tradition. There is a continuity of thought and an originality of outlook in his work, particularly in the amie 
acid—protein—-enzyme-field, which are the marks of a powerful mind, and that he possessed such a mind was 
indeed evident to all who were personally acquainted with him. It is noteworthy that his output of scientific 
work was scarcely affected by the upheaval which in middle life forced him to leave his country; this is@ 
reflection of his overwhelming absorption i in his chosen work, an absorption which at times excluded all other 
interests. He has his reward in that his achievement will stand as one of the major contributions to organic 
chemistry. C. R. HARINGToN. 
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MARY BOYLE. 
1874—1944. 


Mary Boye was a student at the Royal College of Science for two years (1899—1901), during which period 
she took the full three-year course in Chemistry, and received the Frank Hatton Prize, awarded to the student 
heading the list in the final examination. She took the B.Sc. (London) after a year (1901—1902) as a student 
at Royal Holloway College, where she remained as Assistant Lecturer and Lecturer until 1933. She was 
awarded the D.Sc. in 1910, the subject of her research being the iodosulphonic acids of benzene; her work 
on this group, which involved the isolation and orientation of many related nitro- and amino-sulphonic acids, 
was published in the Journal between 1910 and 1919, and remains the principal work on the subject. 

Dr. Boyle was a lucid and accurate lecturer on Organic Chemistry, and though in the latter part of her career 
she did little research, her interest in investigation never flagged, and she kept herself well informed on modern 
developments; she was very successful as a teacher of practical technique, being herself an excellent 
manipulator. , 

Apart from chemistry, Dr. Boyle’s chief interests were music, photography, and bridge, in all of which she 
was expert. Her joyful appreciation of all good music, her excellence as a solo pianist and as a ready and 
sensitive accompanist, helped greatly to establish and maintain the musical tradition of the College. In all her 
activities she showed an almost unlimited aptitude for co-operation, and the influence of her personality, of 
which the outstanding characteristics were high principles, tolerance, and on occasion, fun and high spirits, 
extended over a wide variety of students, to their lasting advantage. 

On her retirement in 1933 Dr. Boyle settled in Leeds near her family, and the contact with younger gener- 
ations which had been so essential a feature of her life at College, was maintained through her numerous nieces 
and nephews and their children. She found many ways of serving the community; for several years she was 
Treasurer of the Leeds and District Nursing Association; from the beginning of the war she was Treasurer of 
the Lady Mayoress’s Welfare Committee and a Visitor for the Soldiers’, Sailors’, and Airmen’s Families Associ- 
ation. To within a few days of her death she lived a full, happy, and useful life. She will be remembered with 
affection and gratitude by many. 

T. S. Moore. 
M. A. WHITELEY. 





JOHN JACOB FOX. 
1874—1944. 


Joun Jacos Fox, eldest son of the late Mark and Hannah Fox, was born on 12th April, 1874. He entered 
Government Service in 1896 and after attending a course at the Royal College of Science was a chemist at the 
Government Laboratory from 1904. He became Superintending Chemist in 1920, Deputy Government Chemist 
in 1929, and Government Chemist in 1936, occupying this position until his death on 28th November, 1944. 

The present writer made the acquaintance of Fox in 1899 or 1900. After taking a chemistry course at the 
Royal College of Science, he joined classes at East London Technical (now Queen Mary) College with a view to 
keeping up his chemical work. The Royal College has always insisted on accurate practical work, and Fox, 
like many others, had profited thereby. As he was not cramming for a degree and had a genuine interest in 
scientific knowledge for its own sake, it was obviously gesirable to get him on to some original work, and the re- 
sults of his first research were communicated to the Chemical Society (Hewitt and Fox, J., 1901, 79, 49). In this 
paper it was shown that benzeneazosalicylic acid yields benzendazonitrosalicylic acid (CO,H : OH : NO,:N,Ph 
= 1:2:3:5) when warmed with dilute nitric acid but gives the known p-nitrobenzeneazosalicylic acid 
(Meldola, J., 1885, 47, 666) on nitration in concentrated sulphuric acid. 

In a further paper by the same authors (J., 1908, 93, 333) the question of the constitution of the salts formed 
by p-hydroxyazo-compounds with acids was discussed ; these were formulated as oxonium salts of the quinone- 
hydrazone form, since substitution in presence of strong acids takes place in the non-phenolic nucleus, whilst 
the light absorptions of parent azophenols and their alkyl ethers in presence of strong acids are very similar. 

The above-named authors also published two papers on acridine derivatives (J., 1904, 85, 529; 1905, 87, 
1058) which resulted in the preparation of an anhydro-base from the carbinol pseudo-base corresponding to the 
(acridinium) methiodide derived from benzoflavine. 

Fox continued to work at hydroxyazo-compounds and obtained some noteworthy results. 

Having observed that methyl-orange was useless as an indicator in presence of warm dilute nitric acid, he 
examined the reaction between these two substances (Ber., 1908, 41, 1989) and found that the products isolated 
were dinitromonomethylaniline and diazosulphanilic acid. The elimination of a methyl group is consistent 
with a quinonoid structure of a nitrate in which the methyl-orange functions as a base in virtue of its dimethy]- 
‘amino-group. 

After measuring the dissociation constants of 8-hydroxyquinoline (J., 1910, 97, 1110) and showing that the 
compound was a weaker base than aniline and a weaker acid than phenol, Fox coupled the substance with 
diazotised aniline to give (I) and prepared an isomeric hydroxyazo-compound by diazotisation of 5-amino- 
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quinoline and coupling it with phenol to give (II). Both compounds give monohydrochlorides with ease, and 
the second gives a relatively stable dihydrochloride, whilst the dihydrochloride of the isomeride loses one 


C,H,-N:N H NiN—C OH 


(I.) a (iL) 


molecule of hydrogen chloride on exposure to the air. Another peculiarity of the arylazo-8-hydroxyquinolines 
is their resistance to acylation, even under drastic conditions. 

The absorption spectra (ultra-violet and visible) of amino- and hydroxy-azobenzene and the alkyl ethers 
of the latter compound have been measured and given rise to much discussion with regard to their bearing on 
the choice of azoid or quinonoid structure. As it was desirable to add an examination of thiol derivatives, 
preparation of substances of the type C,H,-N:N-C,H,’SR (R = H or alkyl) was undertaken, but the isolation 
of benzeneazophenylmercaptan in a pure state proved impossible (Fox and F. G. Pope, J., 1912, 101, 1498). 
The methyl and ethyl mercaptols were obtained, however, by diazotising aniline, converting it into a xanthic 
ester (see Leuckart, J. pr. Chem., 1890, 42, 187), hydrolysing this with alkali, and treating it with an excess of 
alkyl iodide without attempting to isolate the thiol. These mercaptols gave hydrochlorides (1HCl) which lost 
their acid in moist air, yielding hydrates (}H,O). Attempts at adding alkyl halides were unsuccessful. The 
absorption spectrum of the methyl mercaptol is of interest, being of the same type as the spectra of benzene- 
azophenetole and aminoazobenzene but intermediate with regard to the maximum frequency. 

Fox and Pope subsequently measured the absorption spectra of phenylmercaptan in alcohol, with and 
without sodium ethoxide, and of diphenyl] sulphide and disulphide in alcohol. A well-marked absorption band 

was only obtained with the sodium salt of phenylmercaptan (J., 1913, 103, 1263). 
; The results obtained by Fox in his work on azo-compounds are consistent with an azoid formulation of the 
free amino- or hydroxy-derivatives, whilst their salts with strong acids are derived from quinone-hydrazones. 
In those days links were single or double as the case might be, the electron had not made its appearance in 
organic chemistry, and “ resonance ’”’ was unheard of. But even if two “ canonical’’ structures should be 
taken into account in the case of benzeneazophenol and related compounds it would be necessary td admit that 
the hydroxyazo- was overwhelmingly more important than the quinonehydrazone formulation. 

Besides the work Fox was carrying out at East London College, certain organic problems were examined 
at the Government Laboratory. The possibility of titrating boric acid with alkali in presence of an excess 
of mannitol raised the question of whether it would be possible to isolate a mannitoboric acid. This was 
accomplished by boiling mannitol and boric acid in alcohol and crystallisation; in this way tufts of prisms were 
obtained which melted sharply at 89-5°. Complete analysis and molecular-weight determination agreed with 
the formula C,H,,0,B, and silver, calcium, and barium salts were prepared (Fox and Gauge, J., 1911, 99, 
1075). 

The appointment of Sir James Dobbie as Government Chemist led to more organic research work at Clement's 
Inn; in this Fox collaborated. Two papers appeared on the absorption spectra of alkaloids (Dobbie and Fox, 
J., 1913, 108, 1193; 1914, 105, 1639) as well as one on mediaeval wax seals (J., 1914, 105, 795). 

By the action of sodium on 2: 2’-dibromodiphenyl, a hydrocarbon was obtained which was taken to be 
diphenylene (m. p. 74-5—75°), since it reverts to dibromodiphenyl on treatment with bromine (Dobbie, Fox, 
and Gauge, J., 1911, 99, 1615; 1913, 103, 36). Later investigators have failed to confirm this reaction, but 
Lothrop (J. Amer. Chem. Soc., 1941, 63, 1187) has obtained a hydrocarbon, C,,H,, m. p. 110°, by distilling 
2 : 2’-dibromo- (or better, di-iodo-)diphenyl with cuprous oxide; this result has been confirmed by Wilson 
Baker and his co-workers, and the question of the existence of diphenylene has been treated at some length in 
the Jast Tilden lecture (this vol., p. 265). 

Fox was more interested in the application of physical methods to the solution of chemical problems than 
in purely organic work, and Dobbie and Fox applied ultra-violet spectroscopy to the question of the complexity 
of elements in the gaseous state. Sulphur was examined (Proc. Roy. Soc., 1919, A, 95, 484) as it was known to 
consist of S, molecules between 860° and 1040° (Deville and Troost) whilst at lower temperatures the vapour 
density increases and approaches that required for S, (Biltz; Bleierand Kohn). It might be supposed that the 
complex fnolecules dissociated into the S, molecules and that intermediate densities were merely due to equi- 
librium between S, and 4S,. Howe and Hammer (J. Amer. Chem. Soc., 1898, 20, 757) found that sulphur 
vapour first darkened in colour and then became lighter again as the temperature was raised, and Dobbie and 
Fox found that the absorption in the visible spectrum spread towards the red on heating to 650° and then 
receded again on further heating. This is incompatible with continuous dissociation from S, to S,; between 
these extremes there must be molecules of different absorbing power, and S, was suggested as a possibility. 

A second paper dealing with the absorption spectra of selenium, tellurium, mercury, zinc, cadmium, phos- 
phorus, arsenic and antimony (ibid., 1920, A, 98, 147) showed that the maximum absorption of selenium vapour 
occurs near 650°, whilst in the case of tellurium the maximum absorption is reached near 1250° after which 
there is a slight diminution at 1350°. Mercury, zinc and cadmium showed no general absorption up to 4 = 
3100; with phosphorus, arsenic and antimony the absorption was progressive with increasing temperature. 

The absorption spectra of the halogens (ibid.; 1921, A, 99, 456) showed maxima in the ¢ase of bromine and 
iodine as the temperature was raised; for this an explanation is suggested (ibid., p. 460). 

Sir Robert Robertson succeeded Sir J. J. Dobbie at the Government Laboratory, and instead of the ultra- 
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violet the infra-red now engaged attention ; for this there was a specific reason. ‘‘ For a projected investigation 
on the rate of decomposition of an explosive gas, arsenic hydride, it became necessary to know its absorption 
in the region of the infra-red. . ... Interest in the absorption spectrum of arsenic hydride led to the exploration 
of the same region for phosphine and ammonia.’’ Considerable experimental difficulties were experienced, 
partly on account of the laboratory being situated near traffic and electric stations; these were overcome, 
and the results were recorded in a series of papers [Robertson, Fox, and (in part) E. S. Hiscocks, Proc. Roy. Soc., 
1928, A, 120, 128, 149, 161, 189]. These deal with (i) the apparatus (prism spectrometer) employed, (ii) the 
calibration of the spectrometer and the preparation of the three hydrides in a pure condition, (iii) the infra-red 
absorption spectra of the latter, and (iv) discussion of the absorption bands. Where possible, the bands were 
resolved and their fine structure described (P, Q, and R branches), the results being used to calculate moments 
of inertia and radii of gyration. The authors were in favour of a tetrahedral (not plane) configuration in each 
case, but note that Watson found only small electric moment in the case of arsine. 

This infra-red work was followed a few years later by the monumental paper on ‘‘ Two Types of Diamond ” 
(Sir R. Robertson, J. J. Fox, and A. E. Martin, Phil. Trans., 1934, 232, 463—535). A number of diamonds 
supplied by Professor W. T. Gordon were examined with regard to infra-red absorption and, of these, all gave 
alarge band at 8 u with one exception. The ultra-violet spectrum was then explored, and it was found that the 
exceptional diamond was transparent to 4 = 2250 whilst all the others were opaque beyond 4-= 3000. With 
regard to the water-whiteness, density, refractive index, dielectric constant and Raman frequency, the two 
sets agreed, but it was noted that the transparent diamond was made up of a large number of parallel laminz 
and it was more nearly isotropic when examined by polarised light. X-Ray examination was at first incon- 
clusive, but it was subsequently found that there was some difference. 

Other specimens of transparent diamonds were obtained later, and the two types subjected to a com- 
parison of physical properties. One of the most remarkable of these was the photo-electric conductivity; the 
majority of the diamonds were only feebly conductive, even when high voltages were applied, but the trans- 
parent variety gave measurable currents with small applied potentials or even with none atall. The activation 
was produced with light of 4 = 2300 and it persists for a considerable time if the diamond be kept in the dark. 
But if light of 7 = 2400—5000 be applied, the conductivity is for a time greatly increased, but the larger 
part of this photo-conductivity rapidly disappears. 

A later paper (Proc. Roy. Soc., 1936, A, 157, 579) extends these observations, emission as well as absorption 
spectra being measured, and a comparison made with graphite. The way in which Kirchoff’s law is obeyed, 
even down to fine structure, is remarkable. 

The infra-red absorption spectra (region 3) of a number of organic compounds were examined by Fox 
and Martin (ibid., 1938, A, 167, 257), and the results used for calculating the force constants of various C-H 
and C-C linkages. These were afterwards correlated with heats of rupture of linkages and internuclear separ- 
ation of the atoms concerned (J., 1938, 2106). Two curves are given in this paper; one compares internuclear 
distance with heat of rupture, the second gives the relation between bond order and heat of rupture. A smooth 
curve drawn through the points for acetylene (bond order 3), ethylene (2), and hydrocarbons (1) finishes at the 
origin (bond order 0) as it should. The bond orders for graphite and benzene are marked on the curve at 
1-45 and 1-62 respectively, agreeing with the calculated values found by Penney (Proc. Roy. Soc., 1937, A, 
158, 306). 


In a further paper (J., 1939, 884) the same authors derive a potential function which they compare with the 
Morse function . 
U = Die™* — 2e**] 
Utilising somie results obtained by Sutherland, they are able to write 
U/D = [e-Pt4trire — 1) _ 9-8-2207 /re — 1) 
¢ 


and plotting U/D against v/r, they obtain a type of Morse curve which applies to all carbon-to-carbon linkages. 

One other paper (Fox and Martin, J., 1939, 318) on infra-red spectra in the 3 u region of naphthalene, a- and 
$-methylnaphthalenes, quinoline and isoquinoline shows how the results may be of use analytically. Similar 
methods seem to be making progress in America at the present time. 

Fox took a scientific interest in analytical problems, one of his earliest independent researches describing 
the separation of cadmium from zinc as sulphide in the presence of trichloroacetic acid (J., 1907, 91, 964). 

The problem of the solubility of lead sulphate in solutions of alkaline acetates then engaged his attention. 
He first showed that a solution of lead sulphate in 3n-ammonium acetate deposits crystals of the composition 
Pb(NH,),(SO,), (Proc., 1907, 28, 200). Further information was gained by measuring the solubility of lead 
sulphate in concentrated solutions of sodium and potassium acetates (J., 1909, 95, 878). One reason for using 
these two acetates was the fact that lead sulphate is not dissolved by solutions of the corresponding sulphates 
whilst it dissolves comparatively easily in ammonium sulphate. Experiments at 25° showed that the solubility 
imcreased more rapidly than the concentration of acetate, as might be expected, and the interesting fact was 
established that when potassium acetate was used, the solid phase contained the double sulphate PbK,(SO,)., no 
sulphate ions being found in solution. With sodium acetate, sulphate as well as lead acetate went into solution 
and the solid phase consisted of lead sulphate. Fox remarks that the absence of sulphates in the equilibrium 
solutions in the case of potassium acetate confirms the supposition that the solubility of lead sulphate is due to 


the sar Ys of non-ionised lead acetate (Noyes, Amer. Chem. ]., 1905, 27, 747). 
Cc 
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The work at the Government Laboratory is, of necessity, largely of an analytical character, and this often 
engaged Fox’s attention. He was an adept at improving methods both as regards processes and apparatus, 
and some of this analytical work has been published. Reference may be made to papers on the analysis o{ 
cresols (with M. F. Barker, J. Soc. Chem. Ind., 1917, 36, 842T; 1918, 37, 265r; 1920, 39, 169T); aluminium 
alloys (with E. W. Skelton and F. R. Ennos, ibid., 1918, 37, 328) in which separations from Pb, Mn, Si, Cu, Sn, 
Fe, Zn (high or low %), Mg and Ni are given; cobalt blues, their nature, preparation, uses and analysis (J. Oil 
Colour Chem. Assoc., 1926, 9, 304); zinc chromes (with B. A. Ellis and J. F. Hirst, ibid., 1928, 11, 194; with 
J. L. Buchan, ibid., p. 198; further work by A. G. Francis, C. O. Harvey and J. L. Buchan); recent analytical 
methods (ibid., 1929, 12, 38) and recent work on analytical problems (Oil and Col. Trade J ., 1937, 91, 993, 995). 
Other papers deal with stone decay (with T. W. Harrison, J. Soc. Chem. Ind., 1925, 44, 145T) and sulphur in 
flue gases (with L. G. Groves, ibid., 1932, 51, 77). 

The present writer has to thank Dr. A. G. Francis, Deputy (Acting) Government Chemist for details of Fox's 
official career, of which Dr. Francis gave an account in Nature (1945, 155, 13) and The Analyst (19465, 70, 1). 
Fox was at first in the Crown Contracts Department but was soon chosen by Sir Edward Thorpe to assist in the 
work of the Departmental Committee set up to investigate the possibility of finding substitutes for white lead 
to avoid the dangers of plumbism. When war broke out in 1914, much extra work was thrown on the Govern- 
ment Laboratory, and Fox devised rapid methods for the analysis of ferrous and non-ferrous alloys, whilst his 
wide knowledge enabled him to advise Departments on many matters. 

The passing of The Safeguarding of Industries Act led to Fox organising a section dealing with the work 
entailed. ‘‘ It was largely owing to his encyclopedic knowledge of organic chemistry and his sound judgment 
that the administration of the Act proceeded smoothly ”’ (Dr. Francis, Analyst, loc. cit.). 

The causes of the decay of buildings (Fox and Harrison, J]. Soc. Chem. Ind., 1925, 44, 14517), drainage from 
tarred roads into rivers (Fox and Gauge, ibid., 1920, 39, 260T; 1922, 41, 1731), the cleaning and restoration 
of wall paintings (Chapter House, Westminster, and the Orangery, Hampton Court) and bituminous filling 
compounds for electrical apparatus (Proc. World Petroleum Congr., 1933, 2, 595) also claimed his attention. 
The duties on silk, rayon and hydrocarbon oils necessitated the organisation of sections of the laboratory. 

Fox had a lively interest in the claims of industry, and the present writer has had proof of the appreciation 
this evinced in conversation with technical men. One remarked, “ he wouldn’t just send you a letter but came 
round and talked over the matter.”” He was Chairman of the Road Tar Research Committee and of the 
Committee on Physico-chemical Problems of the Building Research Board. 

Fox had matriculated at some time at London University but did not take the Intermediate Science examin- 
ation (at East London College) until 1906 or 1907. This was followed by the B.Sc. “‘ by research ”’ (1908) and 
the D.Sc. (1910). His interest in Queen Mary College never flagged; he was made a Fellow in 1937, was 
Past President of the Old Students’ Association (1922), and was one of its Honorary Auditors at the time of his 
death. There is a small circle of old students which meets (in peace time) three or four times a year, and Fox 
attended the informal dinners regularly. 

In his younger days he frequently spent his leave from the Government Laboratory working at East London 
College, generally from morning to late evening. His energy was great, his work exact and his judgment 
sound. If he had two dislikes, they were experimental inaccuracy and sloppy thinking. Despite all the calls 
on his time, he was always ready to give help or advice to those who needed it; a lovable as well as a respected 
man. 

Fox joined the Chemical Society in 1907, served on the Council 1922—1925, 1935—1938, 1941—1944, and 
contributed to the Annual Reports (Analytical Section) for ten years (1925—1934). 

He joined the Institute of Chemistry in 1916 and was President, 1940—1942. He had been Chairman of the 
Oil and Colour Chemists’ Association and of the London Section of the Society of Chemical Industry, on the 
Council of which he served. 

He received the O.B.E. in 1920, the C.B. in 1938, was elected F.R.S. in 1943, and was knighted in 1944. 

In 1899 he married Amelia, daughter of Charles and Elizabeth Boas; she survives him with a son (now it 
India with the R.A.F.) and a daughter (Mrs. Diffley). They have the sincere sympathy of their many friends. 

J. T. Hewrtt. 





RONALD WILLIAM HAMILTON O’DONNELL. 
1913—1944. 


RONALD WILLIAM HAMILTON O’DONNELL was born in Aigburth, Liverpool, on August 7th, 1913, and was 
educated at the Alsop High School in that city, matriculating with distinction in mathematics at the early ag 
of thirteen. Proceeding to the University of Liverpool, he graduated in the Honours School of Chemistry ™ 
1934. A period of three years, at the end of which he received his Doctorate in Philosophy, was then spent 
in the Organic Chemical Research Laboratories, where, under the direction of Professor A. Robertson, he undet- 
took research on the chemistry of natural products. The results of this work, published in the Journal, include 
contributions to the chemistry of rotenone and its derivatives and of picrotoxinin. 

Whilst at the University, he took a very active part in student affairs, especially in all matters concerned 
with the University Chemical Society. One of his great hobbies was amateur theatricals, and he showed 
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considerable talent as a producer. The Annual Concerts of the University Chemical Society were, under his 
direction, especially memorable affairs. He was elected President of that Society in 1937. 

Leaving the University in 1937, O’Donnell obtained an appointment in the Research Laboratories of 
Messrs. Imperial Chemical Industries (General Chemicals) Limited, at Widnes, where he was quickly promoted 
to the position of an Assistant Research Manager. Unfortunately, early in 1941, ill-health made it necessary 
for him to spend some twenty months ina sanatorium. Responding to treatment, he then took up an appoint- 
ment with Messrs. Plant Protection Limited, Jeallots Hill, but the following winter, a recurrence of his previous 
complaint led him to undergo further treatment at Axbridge, Somerset, where he died on July 16th, 1944. 

The courage and fortitude with which O’Donnell battled against ill-health over a number of years, especially 
during his last illness, when owing to geographical reasons visitors were very few, remain after his passing a 
lasting inspiration and example to his many friends. 


W. N. Howe tt. 





FORSYTH JAMES WILSON. 
1880—1944. 


ForsYTH JAMES WILSON died suddenly on October 18th, 1944, whilst still actively engaged with his duties 
in The Royal Technical College, Glasgow. With his passing the chemical societies and the teaching profession 
have lost an enthusiastic merhber. 

Born at Moffat in 1880, Wilson graduated with distinction from Edinburgh University and thereafter 
proceeded to Leipzig University, from which he obtained the degree of Ph.D. in 1905, and finally in 1910 he 
was awarded the degree of D.Sc. of Edinburgh University. 

While in Leipzig, Wilson came under the influence of Hantzsch, Stobbe, and others, and organic chemistry 
became his chief interest. 

On returning to this country he undertook research in dyes with Professor A. G. Green at Leeds, and in 
1906 was appointed chief assistant to Professor G. G. Henderson in the Royal Technical College, Glasgow. 
This appointment he held until the outbreak of war in 1914, when he volunteered for service and obtained a 
commission in the 17th Battalion of the H.L.I. He was on active service from 1915, first as instructor in gas 
defence, and finally, until the armistice, as Chemical Adviser to the 1lth Army Corps. In the latter capacity 
he was overseas for a large part of the time and did some valuable work in connection with gas warfare. 

On being demobilised, he returned to the Royal Technical College, and on the transference of Professor 
G.G. Henderson to the University of Glasgow, was appointed to the chair of Inorganic and Analytical Chemistry. 
This appointment he held until the resignation of Professor I. M. Heilbron from the chair of Organic Chemistry, 
when Wilson, whose heart had always been in organic chemistry, asked to be transferred to that chair. 

With the death of Professor R. M. Caven, who had succeeded Wilson in the chair of Inorganic and Analytical 
Chemistry, the two chairs were united in the Freeland Chair of Chemistry, and Wilson received the appoint- 
ment which he held until his death. He took a keen interest in the activities of the various chemical societies, 
seldom missed a local meeting, and served on the Councils of the Chemical Society, the Society of Chemical 
Industry, and the Royal Institute of Chemistry. 

Wilson was a lucid teacher and a keen research worker and did much to stimulate the interest of these 
students working under him. Many’are the men whom he has guided into the right paths both in chemical 
research and in industry. It is a tribute to his personality that these students, no matter how far from their 
native land their appointments took them, remembered Professor Wilson, kept in touch with him by letter, and 
never failed to visit him on their return to Glasgow. 

Wilson was unmarried, but his home, which he shared with a much-loved sister who predeceased him by 
only a few months, was a centre of hospitality for his friends and colleagues. He had a great love of Scottish 
scenery and his vacations were mostly spent in exploring the Highlands or the Southern Uplands. Nothing 
gave him greater pleasure on these occasions than the hours he spent with his maps planhing each day’s 
itinerary. As a record of his ramblings he had a collection of very beautiful photographs, especially of the 
Cairngorms, where it was his wish that his ashes should be strewn. He will be long remembered by his staff 
in the Royal Technical College for his kindness, consideration, and his unfailing courtesy to each member. 

Wilson was a regular contributor to the Journal of the Chemical Society and published over fifty original 
papers, mostly in this journal. He was joint author, with Professor Heilbron, of a small book ‘‘ Chemical 
Theory and Calculations,”’ a book written whilst the authors were fellow assistants on the staff of the Chemistry 
Department of the Royal Technical College and at a time when they felt the need for such a volume in the 
course of their teaching. 

_Wilson’s first interest was in stereoisomerism and polymorphism in unsaturated ketones, doubtless 
stimulated by his work with Stobbe when studying for his doctorate in Leipzig. 

_Various papers appear in this connection, for example, ketones of the type of benzaldehydedeoxybenzoin 
(with Stobbe, Amnalen, 1910; J., 1910). In 1911 he started, along with Heilbron, a series of experiments on 
the properties of semicarbazones (J., 1911—1912). In this work the authors found that the semicarbazones 
of phenyl styryl ketone exist in several modifications. They investigated the absorption spectra of these in 

holic solution, with and without sodium ethoxide, and concluded that phenyl styryl ketone yields four 
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stereoisomeric semicarbazones, two stable under ordinary conditions and two existing in alkaline solution. 
This. work was continued upon a simple aliphatic ketone, namely, mesityl oxide, and again stereoisomerism 
was observed in the semicarbazones. The research on semicarbazones was further extended to the action of 
heat on the compounds of phenyl styryl ketone and the preparation of the corresponding phenylsemicarbazones 
(J., 1913). This line of research was still in progress at the outbreak of war in 1914, and a note on the action 
of hydrogen chloride on semicarbazones, the conclusions from which were not cleared up, terminated the series 
of publications. 

With the end of hostilities, and the return of Wilson to academic life, his interest was still in semicarbazones, 
and in 1922 he published (with Hopper and Crawford) a paper on the action of amines on semicarbazones and 
the preparation of an optically active semicarbazide in which are described the preparation and properties of 
d-a-phenylethylsemicarbazide, giving a rotation of [«]}?* 66° in aqueous solution. : 

’ Attention was directed in the same year to reactions of thiosemicarbazones (with Burns). In most of his 
research Wilson’s interest centred round hydrazine derivatives, and in 1923 a paper was published on derivatives 
of semioxamazide (with Pickering). Between 1924 and 1927 there were several publications on the action of 
hydrazines and amines on semicarbazones (with Sutherland, with Baird, and with Crawford). 

An important paper on the resolution of benzoin next appeared and both the d- and the /-form were isolated 
(with Hopper, J., 1928). Benzoin was again resolved by a different method using /-8-menthylsemicarbazide 
(with Crawford, J., 1934). In the course of this work it was found that acetic acid, besides acting as a buffering 
agent to reduce acidity in condensation of semicarbazide hydrochlorides and ketones, acted as a catalyst in 
semicarbazone formation. A further resolution was accomplished by using d- and /-8-(«-phenylpropy])semi- 
carbazides (with Little and McLean, J., 1940). 

Numerous papers on a variety of subjects were published from time to time. About ten years ago Wilson 
became interested in chemotherapy and his research from then until his death was mainly on that subject. 
A series of papers were published on the preparation and therapeutic properties of anil and styryl derivatives 
of acridine and styryl derivatives of quinoline (with Sutherland and Glen; with Sutherland and Sharp, J., 
1936, 1938, 1939, 1943). Wilson was engaged on this research at the time of his death, a section being almost 
ready for publication. 

Throughout his long association with the Chemistry Department of the Royal Technical College, and in 
spite of the heavy toll administrative work took on his time, Wilson never lost his enthusiasm for research, and 
inspired those with whom he worked with the same spirit. 

It has been the privilege of the writer to collaborate with Professor Wilson in much of his later research and 
she therefore takes this opportunity to pay tribute to a kind and inspiring teacher and friend. 

M. M. J. SUTHERLAND. 





189. «-Methylenic Reactivity in Olefinic Systems. Part II. The Reaction between 
Olefins and Phenyl isoCyanate: Evidence relating to the Catalytic Action of 
Stannic Chloride. 


By Joun W. Baker and 4 B. HoL_pswortu. 


In the presence of anhydrous stannic chloride, olefins of the general type CH,-CR:CR, (R = H or alkyl) 
readily undergo polymerisation to give polymers (CH,), of varying degrees of molecular complexity, but 
when phenyl isocyanate is also present this main polymerisation reaction is accompanied by another, probably 
much slower, reaction which results finally in the formation of NN’N’’-triphenylbiuret (I) in very small yield. 
Under the rigorously anhydrous conditions employed, the hydrogen necessary for the formation of (I) must be 
derived from the olefin, and this is confirmed by the observation that no reaction occurs when the olefin is 
replaced by the corresponding saturated paraffin. The initial step in the formation of (I) is most probably the 


direct addition of the olefin, behaving as a hydrogen acid H[CH,:CR-CR,]-, to phenyl isocyanate to form the 
unsaturated acid anilide CR,;CR-CH,-CO-NHPh. A reaction mechanism involving the subsequent “‘ ole- 
finolysis ”’ of this anilide to give aniline and thence carbanilide and (I) is suggested, and experimental verific- 
ation of each of the postulated steps is detailed. During the course of the investigation solid complex com- 

’ pounds of anhydrous stannic chloride with (1) aniline, (2) carbanilide and (3) vinylacetanilide have been isolated 
and dnalysed, and their further reactions with dry phenyl isocyanate have been studied. Preliminary invest- 
igations of the structure of the dimeride of trimethylethylene are described. 


In continuation of the investigations initiated in Part I (Baker, J., 1944, 296) to ascertain the extent to which 
z os ([ 
hydrogen, activated solely by the hyperconjugation in an olefin H—CH,—CR—CR,, can undergo the reactions 


of ‘‘ classically” activated hydrogen (e.g. inthe system HCH-cOO), the reaction between olefins and pheny! 
isocyanate has now been studied. No appreciable reaction occurs between these two reagents in the absence 
of catalysts. Peroxidic catalysts are ineffective and alkaline catalysts, which might directly assist the removal 
of the a-methylenic hydrogen, are excluded, since they cause rapid polymerisation of the isocyanate to the 
crystalline trimeride, (PhNCO),. Attention was accordingly directed towards non-hydrogen acids of the Lewis 
type (J. Franklin Institute, 1938, 226, 293) such as anhydrous stannic chloride, which is known to be a powerful 
acceptor of electron-pairs. When a pure, sodium-dried olefin, such as trimethylethylene, is added to anhydr- 
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ous stannic chloride, the mixture of the colourless liquids assumes a pale greenish colour, indicative that some 
reaction occurs. It is suggested that this reaction is possibly of a type tending towards the conversion of the 
olefin into a strong hydrogen acid thus : 


HCH -CRCRY SnCl, == H[CH,:CR-CR,SnCl,J- (II) 

(cf. Meerwein, Annalen, 1927, 455, 227). Little actual ionisation may result in the olefin—stannic chloride 
compound and the equilibrium is probably displaced largely to the left. In fact, no current is detectable on 
asensitive microammeter when a potential of 100 volts (D.C.) is applied through an approximately 4 c.c. column 
of a dry trimethylethylene-stannic chloride solution, the resistance of which is thus > 10’ ohms. The essential 
change is the acceptance of an electron-pair by the stannic chloride, thus resulting in a further weakening of the 
H-C bond of the «-methylenic group and a considerable increase in the ionising power of the proton, a change 
which should greatly facilitate any subsequent reaction which is dependent upon proton addition; addition to 
phenyl isocyanate is of this type. 

When an olefin of the general type H——CH,°CR:CR, is allowed to react with phenyl isocyanate in the 
presence of anhydrous stannic chloride for periods up to seven days at room temperature under experimental 
conditions which rigidly exclude all traces of water (see p. 728) small yields * of NN’N’’-triphenylbiuret (I) 
can be isolated from the non-volatile, tin-containing products of the reaction. This product (I) has thus been 
isolated or identified in the products of such reactions with the following olefins : propylene, trimethylethylene, 
tetramethylethylene, a«-diphenyl-A*-propene, cyclohexene and 2-methyl-Al-cyclohexene. The formation of 
(I) was rather unexpected since it was anticipated that, if reaction occurred at all, the product would be the 
anilide of the unsaturated acid, CR,°CR-CH,-CO-NHPh. Hence preliminary experiments were undertaken 
which proved that (1) carbanilide and phenyl isocyanate do not combine together at room temperature tf 
in the absence of a catalyst, but addition of anhydrous stannic chloride to a suspension of dry carbanilide in dry 
phenyl isocyanate causes dissolution of the carbanilide (with slight evolution of heat), and the reaction mixture, 
kept sealed for several days, deposits NN’N’’-triphenylbiuret in good yield: (2) phenyl isocyanate and 
anhydrous stannic chloride do not react when they are sealed together for seven days, but the materials distil 
together, apparently unchanged, leaving no residue. 

The formation of the biuret in the olefin reaction must therefore involve some subsequent fission of the 
initial product, the unsaturated acid anilide, to give aniline, the reaction of this aniline with phenyl isocyanate 
to yield carbanilide and the further reaction of the carbanilide with more isocyanate (catalysed by stannic 
chloride) to give the final product, NN’N”’-triphenylbiuret. The most interesting stage in this sequence is 
the fission of the unsaturated anilide, for which the only possible reagent is the olefin—-stannic chloride acid 
(II). Such “ olefinolysis ’’ of several unsaturated acid anilides, to give good yields of free aniline, has been 
experimentally demonstrated. + 

Verification of the initial hypothesis of the formation of the acid-type H[CH,:CR’CR,’SnCl,]~ is difficult ; 
any evidence must almost certainly be based on physical properties (dipole moment, spectra, etc.) and this 
aspect is under investigation.t If this initial step is assumed, it provides an adequate basis for a sequence of 
reactions which together prescribe a mechanism leading to the ultimate formation of NN’N”’-triphenylbiuret 
in the olefin-isocyanate-stannic chloride reaction. The suggested scheme is given below where, for simplific- 
ation, the ionised, olefin-stannic chloride complex (II) is employed. Each postulated stage has been demon- 
strated experimentally. e 


I. Interaction of olefin-stannic chloride acid with phenyl isocyanate to yield the unsaturated anilide. 


Ph—N=C=0 gin ee Ph—N=C—OH as PANH-CO-CHyCR:CR, 
sucl,~CR;—CR=CH, “H sncl,g  CH,CRICR, ¢ sncl, 


1d II. ‘‘ Olefinolysis ’”’ of the anilide with the olefin-stannic chloride acid. Two alternative schemes are possible 
cl. also p. 727) : 


: + 
Either (a) CR,:CR-CH,—CO“NHPh CR,-CR’CH, }|| NHPh wee 
aA | I | +cO+|. H> = PhNH,sncl, 
sncl, 


sncl, 
+ 
H 


* The small yields are probably prescribed by the much more rapid polymerisation reaction of the olefin. On 
theoretical grounds it is apparent that the same structural factors which might be expected to increase the reactivity of 
an olefin towards phenyl isocyanate would also facilitate the polymerisation reaction. 


18h ai. ova) to give the biuret is stated to occur when the reactants are heated together (Kiihn and Henschell, Ber., 


CR,:CR-CH, 


— Y 
sncl,—CR,—CR=CH, } 


to 
SaCl, 
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O sncl ‘ 


(b) CRy:CR-CH,—C—NHPh + sncl, —> CRgCR—CH,—C—-NHPh sini 


oc a t 
sncl,—CR,—CR—CH, H 


a, 


RR EM. : | ea sncl, ete sncl, ) 
(erla] + (Zainal + Ei, = Tn} 
; + 


CR,:CR-CH,. C2NH,Ph NH,Ph NHPh 
2 2 


III. Condensation of aniline-stannic chloride complex with PhNCO to give the carbanilide complex. 


—_ | >co = >co 


[™~ 
Ph—N=C=0 H PhN=C—OH PhNH PhNH * 
— — — rs —_ — 
PhNH—sncl, PhNH—sncl, PhNH—sncl, PhN—snel, 
+ + 


IV. Condensation of carbanilide—stannic chloride complex with PhNCO to give NN’N’”’-triphenylbiuret. 
Ph—N=C=50 it Ph—N:C-OH 


+. 
PhN—sncl, —_ PhN + sncl, —~> PhNH:CO-NPh:CO-NHPh 


co PhNH—CO (I.) 
PhN 


It has been shown that (I) does not form an additive complex with stannic chloride, hence this final product 
crystallises out or remains in solution. 

The experimental evidence in support of each step in the postulated mechanism is summarised below. 

I. Formation of the unsaturated acid anilide. Owing to its subsequent reaction with the olefin-stannic 
chloride acid, it has not been found possible to isolate this assumed initial product, but the evidence given 
under (II) proves that such unsaturated anilides do react farther, in accordance with the suggested scheme 
(cf. also p. 729). 

II. “ Olefinolysis’” of the unsaturated anilide. The simplest unsaturated acid anilide, vinylacetanilide (the 
expected initial product from the interaction of propylene with phenyl isocyanate) was kept sealed with 
anhydrous stannic chloride and trimethylethylene for four days at room temperature. The gaseous products 
of the reaction showed the presence of carbon monoxide by the reduction of a freshly prepared solution of silver 
oxide in pyridine (Manchot and Scherer, Ber., 1927, 60, 326). After removal of volatile materials the residual 
tin-containing solid, decomposed by cold aqueous sodium carbonate, yielded free aniline (characterised as 
benzanilide) corresponding to appreciable fission of the original anilide used. Control experiments proved that 
no hydrolysis of the vinylacetanilide occurs under any of the conditions used in the isolation of the aniline from 
the reaction tin-complex. A similar olefinolysis of the anilide of pyroterebic acid, CMe,;CH-CH,*CO-NHPh 
(one of the two possible initial products from the interaction of trimethylethylene with phenyl isocyanate; 
Goldberg and Linstead, J., 1928, 2354), gave free aniline corresponding to approximately 70% fission of the 
anilide. The anilide, CHMe:CMe-CH,-CONHPh, of 8-methyl-A*-pentenoic acid (the alternative possibility) 
was more resistant to fission, only 10% olefinolysis occurring in six days. Under the same anhydrous conditions10 
reaction occurred in four days between vinylacetanilide and trimethylethylene alone, whereas vinylacetanilide 
and stannic chloride alone give no aniline but form an unstable solid. complex, CH,:CH-CH,°CO-NHPh:‘Sn(Cl, 
which is decomposed by aqueous sodium carbonate to regenerate the original anilide. Vinylacetanilide reacts 
with dry phenyl isocyanate at room temperature giving vinylacetylcarbanilide and, depending on the relative 
speeds of the various reactions, this compound may alternatively be the entity which undergoes olefinolysis 0 
the ultimate formation of triphenylbiuret. : 

Decomposition with sodium carbonate of the volatile materials from the olefinolysis of vinylacetanilide gave 
a small amount of a hydrocarbon which, on ozonolysis, afforded formaldehyde. The polymeric products from 
the trimethylethylene alone give only acetaldehyde (CHMe: end group) on ozonolysis and no formaldehyde 
(see p. 731). The presence of the latter compound in the hydrocarbon product from the olefinolysis of vinyl 
acetanilide confirms the presence of a CH,: end group, thus indicating that the allyl chain of the anilide 1s 
transferred to the hydrocarbon reaction product in agreement with the suggested mechanism : 


sacl, CHMY—CMe'CH H CMe,.CMe’CH, 

Further evidence for the elimination of carbon monoxide is derived from the observation that monomeri¢ 

cyclopentadiene reacts so vigorously and rapidly with phenyl isocyanate in the presence of anhydrous stannic 

chloride (to give a dark mass, mainly an amorphous rubbery polymeride and some carbanilide), that the gaseous 

_ products can readily be collected in a Hempel burette and can be proved to consist largely of carbon monoxide 
both by the pyridine-silver oxide reduction and by actual combustion with the characteristic blue flame. 


(x 
= aly ethers win — 


] + CO + NH,Ph,sncl, 





eric 
nic 
ous 
cide 
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There is just the possibility that fission in the olefinolysis of the unsaturated acid anilide might occur only 
between the CO-!-NHPh groups, in which case the initial products would be aniline and an unsaturated ketone, 


CR,{CR-CH,-CO7NHPh—sncl, 
Snel, -CR,~-CR=CHjH 


—> (CR,CR-CH,),CO + NH,Ph—snel,. 


Although frequently sought with 2 : 4-dinitrophenylhydrazine, no trace of carbonyl reactivity could be 
detected in any of the reaction products. Moreover, it was demonstrated that the simple unsaturated ketone, 
ethyl allyl ketone (Blaise, Bull. Soc. chim., 1905, 38, 40) is decomposed, under anhydrous conditions, by 
trimethylethylene-stannic chloride, and that all the products are completely devoid of ketonic activity. 
Inconclusive evidence for the presence of carbon monoxide in the gaseous products was obtained. 

The aniline liberated in the olefinolysis is combined as a complex with stannic chloride and this complex 
was actually isolated from the reaction products. Moreover it was shown that pure dry aniline reacts instantly 
with anhydrous stannic chloride to form a stable solid white complex, 2C,H,NH,,SnCl,. 

III. Condensation of the aniline-stannic chloride complex with phenyl isocyanate to give carbanilide-stannic 
chloride complex and NN'N"’-triphenylbiuret. When the dry aniline-stannic chloride complex is kept sealed 
with pure dry phenyl isocyanate for four days the resulting white solid product affords NN’N’’-triphenylbiuret 
when repeatedly extracted with boiling ligroin (b. p. 40—60°); and the ligroin-insoluble tin-containing 
residue affords carbanilide when decomposed by crystallisation from boiling methyl alcohol. Thus, both 
carbanilide and NN’N’’-triphenylbiuret are formed in good yield in the reaction.* 

When pure dry carbanilide is left sealed with anhydrous stannic chloride for a few hours at room temperature, 
removal of the excess of stannic chloride leaves a moderately stable, solid complex, 3[;CO(NHPh),],2SnCl,. 

IV. Condensation of the carbanilide—stannic chloride complex with phenyl isocyanate to give NN'N’’-triphenyl- 
biuret. The solid carbanilide-stannic chloride complex similarly reacts with dry phenyl isocyanate at room 
temperature to give NN’N”’-triphenylbiuret, isolated in good yield after removal of the excess phenyl iso- 
cyanate and liberated stannic chloride. The triphenylbiuret seems not to form a complex since it was recovered 
unchanged after it had been kept sealed with anhydrous stannic chioride for several weeks. 

The experimental verification of each step in the reaction scheme suggested on p. 725 is thus complete, but 
it is essential to prove that the initial formation of carbanilide could not arise from traces of moisture present in 
the reaction vessel. The vigorous technique employed (see p. 728) renders such an explanation of the results 
highly improbable. It is completely excluded by the observation that when the trimethylethylene—phenyl 
isocyanate-stannic chloride reaction was repeated in the same apparatus and using exactly the same technique 
but with dry isopentane in place of the olefin no trace of either carbanilide or triphenylbiuret was obtained. 
The whole reaction mixture distilled leaving no solid residue and the condensed volatile distillate accounted 
for 97% of the total materials used. The presence of the olefin is thus essential for the formation of the 
triphenylbiuret. The main function of the stannic chloride catalyst would appear to be greatly to increase the 


importance of no-bond structures of the type H CH,—CR—CR, in the resonance hybrid (cf. Part I, Joc. cit.) by 
virtue of its strong affinity for electron pairs. 

Only a very preliminary investigation of the polymeric olefin products has so far been made. In the case 
of trimethylethylene three distinct fractions have been isolated, all in small amounts: (i) b. p. ca. 55°/15 mm., 
(ii) b. p. ca. 110°/14 mm. and (iii) b. p. ca.:105°/0-6 mm. All three fractions are represented by the general 
formula C,H,, and are thus self-addition products of the olefin. Ozonolysis of the fraction of lowest boiling 
point affords acetaldehyde and a ketone with a camphoraceous odour which gives a semicarbazone C,H,,ON,, 
m.p. 159°. The ketone is thus C,H,,O. If, as is likely, this is a methyl ketone, it would be a methyl hexyl 
ketone and the structure of the dimeric hydrocarbon would be C,H,,-CMe:CHMe. No reliable information 
regarding the structure of the C,H,, group is yet available, but if is of interest to note that a structure (III) 
which satisfies the above data, would result from the addition of the “‘ no-bond ” structure of one molecule 
of the olefin to a second molecule the double bond of which is polarized in the normal direction : 


84 A. @) 
CMe,=CH-CH, CH,CH:CMe-CH,CMe,°CH,-CH, —> 


= —- Il. 
CH,-CH—CMe=CH, H+ (1I1.) 
CH,CHO + CH,CO-CH,-CMe,CH,°CH, 
(IV.) 


The ketone, 88-dimethyl-n-hexan-8-one (IV), has been synthesised (by ketonic hydrolysis of ethyl tert.- 
amylacetoacetate). It has a camphoraceous odour and forms a semicarbazone, m. p. 173°, which, however, 
Talses the m. p. of the semicarbazone, m. p. 159°, from the ozonolysis product. Quantities of material at 
Present available are insufficient to determine whether the two semicarbazones are different or are stereo- 
‘somerides derived from identical ketones, and a fuller investigation of the structure of the polymerides of 
trimethylethylene is in hand. ; 


of : Interaction of the stannic chloride complexes of different bases with various isocyanates opens up an interesting field 
pr tie ee on the formation of unsymmetrically tri-substituted biurets and on their thermal decomposition 
ucts, and it is intended to explore this field in future work. 
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EXPERIMENTAL. 


Preparation of materials. Propylene was prepared by dehydration of n-propyl alcohol with concentrated sulphuric 
acid and anhydrous aluminium sulphate at 110° (Senderens, Bull. Soc. chim., 1911, [iv], 9, 373). The gas was dried, 
condensed with solid carbon dioxide-acetone and collected in a Dewar vessel from which it was slowly distilled and col. 
lected as a gas in a water-filled gasometer. The-gas was dried by passage through a phosphorus pentoxide drying train 
before entering the reaction medium. 

Trimethylethylene was prepared by dehydration of synthetic dimethylethylcarbinol (from acetone and magnesium 
ethyl bromide) with anhydrous oxalic acid, and was purified by repeated fractionation over clean sodium, b. p. 37— 
37-5°/760 mm. 

Seenatiiataslons, b. p. 70—72°/766 mm., was similarly prepared from synthetic dimethylisopropylcarbinol 
(Ingold, J., 1937, 1039). 

aa-Diphenyl-A*-propene, m. p. 52°, was obtained by dehydration of synthetic diphenylethylcarbinol with potassium 
hydrogen sulphate at 170°. A purchased specimen of cyclohexene was fractionated over sodium and a sample, b. p. 
83°/763 mm. was used. 2-Met:+hyl-A}-cyclohexene, b. p. 108°, was prepared by dehydration of synthetic 1-methylcyclo. 
hexanol (from cyclohexanone and magnesium methyl iodide) with potassium hydrogen sulphate. vt, 

Vinylacetic acid (Linstead, Noble and Boorman, /J., 1933, 560) was converted into its acid chloride and thence into its 
anilide by Autenreith’s method (Ber., 1905, 38, 2547). Crystallised from ligroin,* it had m. p. 61° (lit. m. p. 58°). 

Pyroterebic acid and its anilide were prepared by the synthetic method of Goldberg and Linstead (j., 1928, 2354). 

Ethyl £-hydroxy-f-methylvalerate was prepared by a Reformatsky reaction using 36 g. of methyl ethyl ketone, 83 ¢. 
of ethyl bromoacetate and 32-5 g. of zinc wool in 100 c.c. of sodium dried benzene. The hydroxy-ester (34 g.) b. p. 
83—85°/16 mm., was heated with powdered, anhydrous potassium hydrogen sulphate (45 g.) at 170—180° for 2 hours. 
Isolation in the usual manner gave ethyl f-methyl-Af-pentenoate, b. p. 58—63°/14 mm. (13 g.). This was hydrolysed 
by refluxing with a solution of sodium hydroxide (8 g.) in water (30 c.c.) until a homogeneous solution was obtained 

(2 hours). After steam distillation and extraction with ether the 
Fic. 2. residual alkaline liquor was acidified with dilute sulphuric acid and 
repeatedly extracted with ether. Distillation of the residue from the 
Distillation dried ether solution gave B-methyl-A8-pentenoic acid, b. p. 102—103°/15 
systems mm. (6-2 g.). This was converted through the acid chloride into its 
oN toluidide, m. p. 84° (Linstead, J., 1927, 357), and its anilide, m. p. 97° 
after crystallisation from ligroin (Found: C, 76-3; H, 8-0; N, 77. 
C,,H,,ON requires C, 76:3; H, 7-9; N, 7-4%). 

NN’N”-Triphenylbiuret was prepared by the action of aniline on 
carbanilide in the presence of anhydrous stannic chloride. After 
crystallisation from’ methyl alcohol it had m. p. 151°, decomposing 
with gas evolution at 170—220°, resolidifying and again melting (as 
carbanilide) at 241°. This behaviour is very characteristic and is 
referred to throughout this paper as the ‘‘ characteristic m. p. ” 

The apparatus used for the relatively large scale experiments is 
depicted in Fig. 1. 

The apparatus was constructed in Pyrex glass, all joints being 
standard ground joints, painted externally with collodion after assembly. 
The central receiver, G, had four inlets, a, b, c, and d, arranged tetra- 
hedrally, and a large bore tap exit, T,, fitted with an internal ground 
joint into the neck of the reaction flask R. The receiver, G, was 
graduated in c.c. so that the quantity of reactants used could be 
ascertained. The inlets, a, b, and c, were connected to identical all- 
glass distillation systems, each distillation flask carrying a closed 
phosphorus pentoxide drying tube; the necessary rubber cork joints 
were coated externally with collodion. The main outlets, d and T, were connected through large phosphorus pentoxide 
drying tubes and the taps, T, and T,, to a backing drying train and thence to the pump. Distillation flasks, A and B, 
were attached through an all-glass tap connection to the receiver of ‘a Perkin triangle, itself attached to a similar 
Pyrex distillation system (not shown in Fig. 1) so that freshly distilled anhydrous stannic chloride or phenyl] isocyanate 
could be transferred into the flasks, A or B, respectively, without coming into-contact with moisture. 

Initially the whole apparatus was evacuated by means of an oil pump and heated strongly with a free flame to “‘ degas’ 
any water vapour adsorbed on the glass surfaces, and then left for 48 hours to complete the drying. The redistilled 
anhydrous stannic chloride was transferred from the Perkin receiver directly into the flask, A, which contained fresh 
phosphorus pentoxide. The tap, T,, was then closed and the Perkin receiver was replaced by a glass stopper. Pure 
dry phenyl tsocyanate was similarly introduced through T, into B (also containing phosphorus pentoxide) from a 
identical distillation system. The pure sodium-dried olefin, contained in a tap-funnel, was then rapidly placed m 
flask C — fresh sodium and the whole apparatus was again left closed in contact with the various drying trains for one 
to two days. 

The requisite quantities of the various reactants were then distilled (under reduced pressure) in turn into the central 
receiver, G@ (where their volumes were measured), and hence into the reaction flask, R. The flask, R, was then isolated 
from the rest of the apparatus by closure of the tap, T,. In the case of volatile olefins the hydrocarbon was first distilled 
under ordinary pressure into the flask, R, which by suitable manipulation of the various taps was isolated from the rest 
of the apparatus during the distillation of the other reactants into the receiver, G, under reduced pressure. + 

At the end of the reaction period (usually 7—14 days) the flask, R, was connected at the joint, 7, to a suitable distil 
lation system and all volatile matter was distilled off in an oil-pump vacuum using a receiver cooled in liquid air. Remait- 
ing traces of phenyl isocyanate and stannic chloride were removed from the reaction products in the flask, R, by prolonged 
evacuation. The condensed volatile products and the solid residue in the flask, R, were examined separately. 

For smaller scale experiments a similar technique was employed, one, two or three sets of all glass distillation apparatus 
(B,, By, B, respectively) being sealed to a common delivery tube attached to the reaction flask, R,, which was itself 
sealed to a receiver of the type depicted in Fig. 2. After the various reaction materials had been distilled into the bulb, 
R,, the apparatus was sealed off at S,. After reaction the final volatile products were distilled into the bulb, #;, which 
was then sealed off at S, for subsequent examination and the residue in R, was freed from remaining traces of phenyl 
isocyanate and stannic chloride as above. 

The majority of the experiments were carried out with trimethylethylene. The method of examination of the pr 


* All ligroin used in this work had -b. p. 40—60°. 








Apparatus used for the olefin—phenyl isocyanate—stannic chloride reaction with 
exclusion of moisture. 


[To face p. 728. 
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ducts varied slightly from experiment to experiment. In general, the volatile products (which contain a large excess of 
phenyl isocyanate) were decomposed, with cold aqueous sodium carbonate, the bulk of the precipitated carbanilide and 
tin compounds were removed by filtration and the aqueous filtrate extracted with ether. From the residue obtained 
by evaporation of the dried ethereal solution some polymeric hydrocarbon fraction was isolated by extraction with cold 
ligroin. i 

” The sticky solid, non-volatile reaction product (containing tin) was washed by decantation with cold ligroin to remove 
any last traces of unchanged phenyl isocyanate, and the residue was extracted successively with boiling ligroin, ether 
and methyl alcohol. Any final insoluble residue was then decomposed with aqueous sodium carbonate (to remove tin) 
and the product was extracted with ether. 

Reactions of Phenyl isoCyanate with Olefins.—(1) Trimethylethylene. A large number of experiments using varying 
proportions of the olefin, phenyl isocyanate and stannic chloride were performed and in each case a slightly different 
technique was necessary in order to isolate or identify the presence of triphenylbiuret in the product. In all cases the 
mixture of the three reactants, initially clear, developed crystal nuclei on the walls of the reaction vessel within 12—24 
hours after mixing. During the following 24 hours a white skin of solid formed over all the walls of the vessel in contact 
with the mixture and the quantity of separated solid increased during the following few days. During the distillation of 
the volatile products (after 7—8 days), up to a bath temperature of ca. 50°/0-1 mm., considerable separation of solid 
occurred and the non-volatile residue was a sticky semi-solid yellowish-brown mass. After removal of traces of unchanged 
phenyl isocyanate, by prolonged evacuation followed by washing with cold ligroin, this mass was repeatedly extracted 
with boiling ligroin. In the earlier experiments, in which no phosphorus pentoxide was introduced into the liquid 
phenyl isocyanate and stannic chloride before the final distillation, evaporation of this ligroin extract sometimes gave 
very small amounts of triphenylbiuret, characteristic m. p. and mixed m. p. 150°, after recrystallisation from ether or 
methyl alcohol. Extraction of the insoluble residue with boiling ether gave some higher polymeric hydrocarbon and 
sometimes, a pale yellowish solid tin-complex (see below). Trituration of the ligroin-ether insoluble residue with small 
quantities of ice-cold methyl alcohol caused separation of triphenylbiuret in an almost pure condition. After removal of 
the methyl alcohol from the soluble portion the resulting brown gum was freed from tin by decomposition with cold 
aqueous 2N sodium carbonate and the products were extracted with ether. Attempted distillation of the residue from 
the dried ether solution caused decomposition with evolution of phenyl isocyanate (identified by immediate reaction with 
aniline to give carbanilide, m. p. and mixed m. p. 241°) and carbanilide simultaneously crystallised from the material in 
the flask. The liquid thus still contained a considerable quantity of triphenylbiuret and this amount was approximately 
determined by isolating the carbanilide formed during the decomposition. 

In the process of perfecting the technique for the complete exclusion of moisture, the final distillations of the phenyl 
isocyanate and stannic chloride were effected with solid phosphorus pentoxide in the liquids. This technique seemed 
to increase greatly the quantity of less volatile (higher) polymerides of trimethylethylene formed and thus made it impossible 
to isolate solid triphenylbiuret as such from the very viscous non-volatile products (containing tin) or from the products 
obtained therefrom after decomposition with cold sodium carbonate solution to remove tin. The presence of consider- 
able quantities of triphenylbiuret in these products was, however, established, and the quantity was approximately 
determined, by gentle distillation to effect decomposition. Phenyl isocyanate (identified by conversion with dry ethyl 
alcohol into the urethane, m. p. and mixed m. p. 51°, or with aniline into carbanilide, m. p. and mixed m. p. 241°) 
distilled over and carbanilide (m. p. and mixed m. p.) separated in the distillation flask and was isolated and weighed. 

In two experiments (Nos. 3 and 4) a considerable quantity of a pale yellowish-white solid tin-complex was isolated 
from the boiling ether extract of the non-volatile product (before decomposition with sodium carbonate, after removal) of 
polymeric hydrocarbon by trituration with benzene. This was repeatedly washed with ether, dried and analysed (Found: 
C, 28:5; H, 3-3; N, 5-2; Cl’, 35-2; Sn, 23-0. C,gH,,N,Cl,Sn requires C, 32-2; H, 3-1; N, 6-3; Cl’, 31-8; Sn, 26-6%). 
It thus consists mainly of the solid aniline-stannic. chloride complex, 2C,H,NH,,SnCl,, and this was confirmed by its 
instant decomposition with effervescence by cold sodium carbonate solution to give aniline (extracted with ether), 
identified by conversion into benzanilide, m. p. and mixed m. p. 164°. 

In experiment No. 5, the phenyl isocyanate and stannic chloride were left in the reaction vessel, R (Fig. 1), without 
olefin for 7 days. No separation of solid occurred. The mixture was then completely distilled into a second reaction 
vessel, which had been originally built into the apparatus between R and the drying train. Only the merest trace of 
residue (0-05 g.), from which neither carbanilide nor triphenylbiuret could be isolated, remainedin R. Trimethylethylene 
was then distilled into the redistilled mixture and the reaction now followed its normal course, 0-27 g. of triphenylbiuret 
being found in the products. 

In one experiment the mixture of dry trimethylethylene with dry phenyl isocyanate in R was left in contact with the 
vapour of dry stannic chloride from the distillation flask, A (Fig. 1). Little polymerisation of the olefin occurred but a 
small amount of triphenylbiuret (isolated as such, characteristic m. p. and mixed m. p. 150°) separated from the solution. 

The data relating to the main large-scale experiments with trimethylethylene are summarised in the following Table: 

¢ 


Wt. of reactants (g.). Non-vol. Triphenylbiuret (g.). PhNCO % yield 
r A . residue recovered un- on PhNCO 
Expt. No. C,H yp. PhNCO. SnCl,. (g.). (1) Isol. (2) Det. changed (g.). reacting. 
21-6 36-2 14-8 0-77 0-53 14-0 16 
16-9 4:5 4-25 0-10 >0-03 14-0 5 
23-7 52-4 7-45 —_ 0-674 22-2 50 





24-8 37-0 6-35 — 0-561 24-0 76 
- 0 10-9 178 0-05 — — Tt —_ 
* PhNCO and SnCl, distilled over solid P,Os. 
t Volatile distillate + C,H, gave 0-27 g. of triphenylbiuret (14%) and 8-8 g. of unchanged PhNCO. 


c (2) isoPentane. The experiment was repeated using the identical apparatus and technique with phenyl isocyanate 
(21-2 g.), Stannic chloride (35-6 g.), and the corresponding satura hydrocarbon, isopentane, b. p. -28°6—28-9° * 
(133 g.), in place of the olefin, trimethylethylene. Unlike the experiments in which the olefin was used the mixture 
remained colourless and no trace of crystalline material had separated after 8 days. On distillation of the reaction 
mixture with a receiver cooled in liquid air the condensed volatile products (b. p. + 40°/0-4 mm.) accounted for 97% by 
Weight of the original reactants used. No solid separated during the distillation and only a minute trace of a brownish 
gum was left in the flask, probably originating from the small quantity of tap grease used to lubricate the wide-bore 

This specimen was kindly supplied by Messrs. Imperial Chemical Industries (Fertilizer and Synthetic Products) 
Ltd., Billingham. It was freed from any traces of unsaturated compounds by shaking with aqueous permanganate and 
Was purified and dried by repeated fractional distillation over metallic sodium. 
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tap, T,. This experiment proves that it is the olefin and not adventitious moisture which is responsible for the 
formation of the triphenylbiuret. 

Interaction of trimethylethylene and phenyl isocyanate without catalyst. Approximately 10 c.c. of dry trimethylethylene 
and 10 c.c. of dry phenyl isocyanate were sealed together, without stannic chloride, using apparatus, B,. The mixture 
remained quite clear and colourless for,6 days, after which period very minute traces of crystal nuclei could just be 
observed on the sides of the reaction vessel. After 7 days, distillation of the volatile products in the usual manner gave 
only 0-017 g. of residue, from which only 0-005 g. of carbanilide (m. p. and mixed m. p, 241°) was isolated, the remainder 
(0-012 g.) being, most probably; polymeric hydvocarbon. The volatile products consisted only of unchanged trimethy|- 
ethylene and phenyl isocyanate. This minute quantity of carbanilide almost certainly is a measure of the negligible 
traces of moisture which escape the rigorous drying technique and the experiment provides additional evidence that the 
formation of triphenylbiuret in the stannic chloride-catalysed reactions does not arise from the presence of adventitious 
moisture. 

(3) Tetramethylethylene. This reaction was carried out in the apparatus shown in Fig. 1, using the technique previously 
described, with tetramethylethylene (5-6 g.), phenyl isocyanate (8 g.) and stannic chloride (3-6 g.). The reactants formed 
a clear pale green solution which developed turbidity after three hours and crystal separation commenced after 6 hours, 
After 6 days at room temperature, volatile products (11-3 g.) were distilled off between 25—85°/0-7—0-4 mm. and condensed 
in a receiver cooled in liquid air. Decomposition of the distillate and the cold ligroin washings of the residue with cold, 
aqueous sodium carbonate gave carbanilide (6-25 g., corresponding to 7 g. of unreacted phenyl ésocyanate) together with 
a hydrocarbon fraction (0-85 g.) which was not examined. Extraction of the brown viscous residue in the reaction flask 
with boiling ether afforded crystalline material (0-7 g.) contaminated with gummy material from which NN’N’”-tri- 
phenylbiuret wasisolated. The cream-coloured powder (darkening from ca. 220° and not melting up to ca. 275°) (0-62 g,), 
insoluble in boiling ether, contained tin and was very soluble in methyl alcohol. It was decomposed with cold aqueous 
sodium carbonate and repeatedly extracted with ether. The residue from the dried ether extract partly crystallised and 
afforded more triphenylbiuret and a hydrocarbon oil (0-5-g.). The pure triphenylbiuret (0-16 g.), characteristic m. p. 
and mixed m. p. 149—150° after crystallisation from methyl alcohol, corresponded to a yield of 2-16% on the phenyl 
isocyanate added or 17-2% when allowance is made for unreacted material. 

(4) Propylene. A slightly modified technique was necessary for use with this gaseous olefin. The pheny] iso- 
cyanate (14-7 g.) was distilled on to 4 g. of distilled stannic chloride contained in a thin sealed bulb in the reaction flask 
and the air was swept out by a current of propylene previously dried by passage through phosphorus pentoxide. The 
bulb of stannic chloride was broken and the flask again swept out with dry propylene. The flask exit tube was then 
closed and the whole reaction vessel was shaken mechanically, the propylene being maintained under slight pressure from 
a head of water in the gasometer. Over a period of about 634 hours (shaker stopped during nights) 3-05 litres (N.T.P.) 
of propylene were passed into the reaction flask. During the distillation of the volatile products of the reaction at 
55°/12 mm., the exit tube became blocked with solid, hence their removal was completed in a vacuum desiccator over 
phosphorus pentoxide. It was therefore not possible to determine the amount of unreacted phenyl isocyanate recovered 
in this experiment. The solid product in the reaction flask was extracted successively with dry boiling ligroin, ether, and 
methyl alcohol and from each of these extracts triphenylbiuret, characteristic m. p. 149—150°, was isolated. The final 
insoluble residue, containing tin, was decomposed with aqueous sodium carbonate, and extracted with ether. The ether 
solution yielded a further quantity of triphenylbiuret. The isolated triphenylbiuret (0-34 g.) corresponded to a 25% 
yield based on the total phenyl isocyanate added to the reaction mixture. 

(5) aa-Diphenyl-A*-propene, cyclohexene and 2-methyl-A'-cyclohexene., Small scale experiments were carried out 
with these hydrocarbons and in each case small amounts of triphenylbiuret were isolated from the reaction products. 

(6) cycloPentadiene.—Unless the mixture is well cooled throughout the slow addition of dry stannic chloride to a dry 
mixture of monomeric cyclopentadiene, b. p. 41°, and phenyl isocyanate, an uncontrollable reaction, accompanied by 
much charing and gas evolution, sets in leaving a carbonised product from which some carbanilide can be isolated by 
extraction with boiling ether. Under controlled conditions, using only a trace of stannic chloride, the main product isa 
very viscous liquid which, after removal of excess phenyl isocyanate, consists mainly of a (nitrogen-free) rubbery poly- 
meride which sets to a brittle glass. By dropwise addition of the dry olefin to the anhydrous stannic chloride—isocyanate 
mixture at room temperature, the gaseous products formed over a period of 5—10 minutes were collected in a Hempel 
burette. A portion of the gas, collected over water, burned with the characteristic blue flame of carbon monoxide, and 
the remainder produced an immediate and heavy precipitate of black metallic silver when passed into the pyridine-silver 
oxide reagent at 50—60° (Manchot and Scherer, /oc. cit.). 

Olefinolysis of Unsaturated Anilides—(1) Vinylacetanilide. In this series of experiments apparatus B, was used. The 
pure dry anilide (0-5 g.) was introduced into the reaction flask, R,, before the untt was sealed on to the distillation system. 
The whole apparatus was then left in contact with the drying trains for a further 48 hours before the olefin and stannic 
chloride were introduced and again before they were distilled (from sodium and phosphorus pentoxide, respectively) on 
to the anilide. The apparatus was then completely sealed and left for four days. The receiver, R, (Fig. 2), was cooled in 
a freezing mixture and the gaseous products were aspirated through the pyridine-silver oxide reagent. A black precipl- 
tate of silver showed the formation of carbon monoxide. All volatile products were distilled under reduced pressure into 
the bulb, 2,, which was then sealed off at s,. The non-volatile residue was a cream-coloured solid which was decomposed 
by breaking the bulb, R,, and triturating under cold, 2N-sodium carbonate solution. After removal of insoluble ti 
compounds by filtration the filtrate was extracted with ether and the ether extract extracted twice with cold, dilute 
hydrochloric acid. This acid solution after diazotisation and coupling with B-naphthol gave a red dye, and it gave 
precipitate of tribromoaniline with potassium bromate—bromide solution. Basification and ether extraction of the mail 
bulk-of the hydrochloric acid extract gave aniline (approx. 0-15 g.), identified by conversion into benzanilide, m. p. and 
mixed m. p. 164°. The experiment was repeated twice with similar results. Control experiments showed that no aniline 
is produced either by trituration of vinylacetanilide with cold aqueous sodium carbonate or by extraction of an ethereal 
solution of the anilide with cold, dilute hydrochloric acid. 

From the dried ether extract of the sodium carbonate decomposition products of the volatile material, a small amount 
of a hydrocarbon fraction was isolated. ‘This was ozonised, without purification, in ligroin solution for 24 hours. After 
removal of the solvent the oily ozonide was decomposed boiling with water. No precipitate was produced in 4 
solution of 2 : 4-dinitrophenylhydrazine in 2n hydrochloric acid attached to the v4 of the reflux condenser showing that 
no appreciable quantity of acetaldehyde was present (cf. p. 731). Distillation of the aqueous solution gave a faintly acid 


distillate which, after neutralisation, gave formaldehyde dimedon compound, m. p. and mixed m. p. 189°. a 

Similarly treated, the anilide of pyroterebic acid (0-45 g.) gave aniline (approx. 0-18 g.) (identified as benzanilide) 
together with an unsaturated hydrocarbon fraction; but f-methyl-A®-penteno-anilide is much more resistant 
to fission, only ca. 10% olefinolysis occurring in, six days (0-25 g. anilide afforded only 0-01 g. of aniline, identified 4 
benzanilide). No olefinolysis was effected with either benzanilide or acetanilide (100% recovery of unchanged material), 
and pivalic anilide gave only the merest trace of aniline only detectable with the bromate—bromide reagent. 
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Vinylacetanilide—trimethylethylene alone. After vinylacetanilide (0-21 g.) had been left sealed (apparatus, B,) for four 

days with sodium-dried trimethylethylene, evaporation of the olefin gave 0-21 g. of unchanged anilide. 
Vinylacetanilide—phenyl isocyanate alone. Vinylacetanilide (0-28 g.) was left sealed (apparatus, B,) with phenyl 
The residue, after removal of volatile products, was a colourless ofl which slowly crystallised 


sot, acetylmonovinylcarbanilide, m. p 


(potassium chromate as indicator). 
(Found: CgH,NH,, 41-75; Cl’, 31-25; Sn, 22-4. 2C,H,NH,,SnCl, requires C,H,NH,, 41-6; Cl’, 31-8; Sn, 26-6%). 

(2) Carbanilide. Pure carbanilide was similarly sealed with anhydrous stannic chloride for several hours. A uniform 
white emulsion was formed. After removal of excess of stannic chloride the complex was well washed with dry ligroin 
and stored in a vacuum desiccator over phosphorus pentoxide (Found: Cl’, 25:1; Sn, 20-1. 3[CO(NHC,H,),),2SnCl, 
requires Cl’, 24-5; Sn, 20-45%). The complex darkens at 190—200° and has m. p. 215—220° (decomp.). It is slightly 
soluble in boiling ether and is recovered unchanged after evaporation of the solvent. Crystallisation from boiling methyl 
alcohol causes decomposition, and carbanilide, m. p. 241°, crystallises from the solution on cooling. A complex.with 
similar characteristics was isolated in the products of the reaction between phenyl isocyanate and trimethylethylene in 
the presence of stannic chloride. 

(3) Vinylacetanilide. Similarly prepared the complex from vinylacetanilide and anhydrous stannic chloride is a 
viscous liquid which sets to a glass, readily broken up into a friable powder which is very hygroscopic. This complex 
seems to be much less stable than the others. After repeated trituration and washing with cold dry ligroin and drying 
over phosphorus pentoxide, the complex was analysed by hydrolysis with concentrated hydrochloric acid for 1-5 hours 
and titration of the aniline with potassium bromate-bromide solution. Chloride ion was determined by heating the 
complex with 0-1 silver nitrate (20-0 c.c.) and a few c.c. of fuming nitric acid on a steam bath for 1-5 hours and deter- 
mination of the excess silver nitrate with a standard solution of ammonium thiocyanate (Found: C,H,;NHg, 21-2; Cl’, 
310. C,;H,;-CO-NHC,H,,SnCl, requires C,H,;NH,, 22-0; Cl’, 33-8%). The complex, decomposed by trituration with 
cold sodium carbonate solution, and extraction of the liquors with ether, gave vinylacetanilide, m. p. and mixed m. p. 61°. 

NN‘N”-Triphenylbiuret was recovered unchanged after it had been left sealed with amhydrous stannic chloride for 


Found: (1) C, 85-4; H, 14-35. (2) C, 85-1; H, 141. (3) C, 85°15; H, 13-6. Calc. for C,H, : 


8) 
br Synthesis of 85-Dimethyl-n-hexan-B-one.—Fractional distillation of the product obtained by the action of fert.-amyl 
omide (31 g.) on ethyl acetoacetate (26 g.) in ethyl alcohol (70 c.c.) in which sodium (4-6 g.) had been dissolved, gave 
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mainly a very volatile product, b. p. <40°/20—30 mm., unchanged ethyl acetoacetate, and only about 1 g. of ethy| 
tert.-amylacetoacetate, b. p. 104°/9 mm. (Found: C, 65-6; H, 10-0. C,,H 0; requires C, 66-0; H, 10-1%). Its semi. 
carbazone, prepared in the usual manner, had m. p. 110°, after crystallisation from ether-—ligroin (Found: C, 55-7; H, 
9-0; N, 15-9. C,,H,,0,N; requires Cc. 56-0; H, 9-1; N, 16:3%). 

The small amount of ketonic ester was hydrolysed by boiling under reflux with concentrated hydrochloric acid for 
24 hours followed by keeping for 3 days at room temperature. Distillation of the hydrolysate gave an aqueous distillate 
with a strong camphoraceous odour. This was saturated with sodium acetate and the ketone was converted, without 
isolation, into its semicarbazone, m. p. 173° (165° on re-melting; cf.-above), after crystallisation from dry ether (Found: 


We thank Imperial Chemical Industries Limited, Dyestuffs Division, for facilities which have enabled this work to be 
carried out. 
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190. Sulphonamides. Part I. The Action of Ammonia on Sulphanilamidobenzoic 
Esters in the Light of the General Theory of Ester Ammonolysis. 


By Joun H. Gorvin. 


The three isomeric sulphanilamidobenzoic acids have been studied by several groups of workers (cf. Northey, 
Chem. Reviews, 1940, 27, 85; Marchant, Lucas, and McClelland, Canadian J. Res., 1942, 20 B, 5), and are reported 
to show little bacteriostatic activity. The amides (as I) derived from these acids are of interest as intestinal 
antiseptics in the chemotherapy of bacillary dysentery, as they resemble sulphanilylguanidife and succiny]- 
sulphathiazole in being poorly absorbed from the gut (Brownlee, Green, Tonkin, and Woodbine, unpublished 
results). In this investigation the preparation of the amides by the action of ammonia on the corresponding 
‘esters was studied (cf. B.P. 562,349). In order to explain the low rate of reaction at room temperature the 
general behaviour of substituted ethyl benzoates towards aqueous ammonia was also explored; the results 
are of interest in connection with the mechanism of formation of amides from esters. 


THE ethyl esters of the 2-, 3-, and 4-sulphanilamidobenzoic acids (compare Marchant e¢# al., loc. cit.) are very 

resistant to the action of aqueous ammonia in the cold, but good yields of the corresponding sulphanilamido- 

benzamides (I represents the 4-isomer) are obtained by heating the esters for several hours with concentrated 

ammonia at 150°. The low reactivity at room temperature is illustrated by the case of ethyl 3-sulphanilamido- 

benzoate, which, although immediately soluble in cold aqueous ammonia, has 

HNC SO,NHC_ CONE, reacted only to the extent of about 70 per cent. after five days. The methyl 
(I.) 


ester, in spite of its lower solubility in ammonia, reacts almost completely 

under the same conditions, which supports the general conclusion of Meyer 
(Monatsh., 1906, 27, 42) that methyl esters react more rapidly than the ethyl analogues (compare also Morrell, 
J., 1914, 2701; French and Wrightsman, J. Amer. Chem. Soc., 1938, 60, 50). The ethyl esters of the 2- and 
4-sulphanilamidobenzoic acids, and even the methyl ester of the 4-acid, react with aqueous ammonia in the cold 
considerably more slowly than does ethyl 3-sulphanilamidobenzoate. 

According to Branch and Calvin (The Theory of Organic Chemistry, 1941, p. 415; compare also Day and 
Ingold, Trans. Faraday Soc., 1941, 87, 690), the reaction of an ester with aqueous ammonia is an example of 
generalized base catalysis, and it may therefore be represented by a mechanism similar to that suggested for the 
alkaline hydrolysis of esters (compare Watson, Modern Theories of Organic Chemistry, 1941, p. 125). This 
representation of the mechanism corresponds with the earlier viewpoint of Meyer (loc. cit., p. 35), who observed 
that amide formation takes place most readily in the case of esters derived from such strong acids as trichloro- 
acetic, but tends to proceed slowly in the case of esters of weak acids, ¢.g., trimethylacetic. Kinetic studies 
carried out in development of these ideas have been conducted in liquid ammonia (cf. Fernelius and Bowman, 
Chem. Reviews, 1940, 26, 23) or in alcoholic ammonia (Betts and Hammett, J. Amer. Chem. Soc., 1937, 59, 
1568) ; the results obtained indicate that in these solvents a given series of esters will show variations of re- 
activity towards ammonia tending in the same direction as the variations of reactivity in alkaline hydrolysis. 

Aqueous ammonia, although a most useful preparative reagent for amides, is not suitable for accurate 
kinetic studies owing to the complicating factors introduced by the low solubility of the ester. It has been 
found, however, that the substituted ethyl benzoates show sufficient variation in reactivity towards aqueous 
ammonia for a semi-quantitative study to give results of some significance. These indicate that the effect of 
substituents on the reactivity of ethyl benzoate at 18° is in the order: p-NO, >m-NO, >H, m-NH,> p-CH, 
>p-OCHsg, p-NH,, p-OH, in agreement with the corresponding order obtained for alkaline hydrolysis (Kindler 
Annalen, 1926, 450, 1; 1927, 452, 90; Ingold and Nathan, J., 1936, 222; Evans, Gordon.and Watson, J., 
1937, 1430; Tommila and Hinshelwood, J., 1938, 1801; Westheimer, J. Amer. Chem. Soc., 1940, 62, 1892). 
An essentially similar order of reactivity is found in solutions of aqueous ammonia diluted with alcohol to 
increase the solubility of the esters. 

In the most highly resistant group of compounds studied, ethyl 4-sulphanilamidobenzoate reacts with 
aqueous ammonia rather more readily than either ethyl p-amino- or ethyl p-hydroxy-benzoate. The apparent 
high stability of ethyl p-aminobenzoate may possibly be due to its insolubility, as it appears to be relatively 
more reactive in alcoholic aqueous ammonia. Ethyl p-hydroxybenzoate, however, is completely soluble 1 
ammonia, and ethyl 4-sulphanilamidobenzoate is soluble to a considerable extent, so the principal cause of the 
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low reactivity of these compounds must be the strongly electron-donating character of the groups in the 
p-position to the carbethoxy group. Both esters exist as anions in ammoniacal solution but, whereas the 
negatively charged oxygen atom is free to exert its full stabilising effect on the ester grouping, the charge on 
the acidic nitrogen atom of the sulphonamide may be partly appropriated by the sulphone group; in opposition 
to the stabilising resonance (II), forms of the type (III) probably tend to reduce the stability of the ion to a 


9 ‘ini : - . 
(II.) << -bs yn (III) 


slight extent. Ethyl 3-sulphanilamidobenzoate, dissolved in cold aqueous ammonia, reacts more slowly than 
ethyl m-aminobenzoate kept under the same conditions as an oily emulsion. The negative charge is unable to 
exert its full stabilising effects in the m-position, but it does appear to confer an appreciable degree of extra 
stability to the carbethoxy group. Nothing can be concluded about the magnitude of this effect from the 
available data, however, as the two cases under discussion are not strictly comparable; the sulphonamide 
solution contains an equivalent concentration of ammonium ions which, on the assumption that the ammono- 
lysis is base-catalysed, will themselves exert a retarding influence on the reaction. 

Although statements have been made (compare Taylor and Baker, Sidgwick’s Organic Chemistry of Nitrogen, 
1937, p. 317) that ammonia does not react with esters in the absence of water, treatment of esters with dry 
alcoholic ammonia has frequently been used as a preparative method for certain amides (compare inter alia 
Fischer and Dilthey, Ber., 1902, 35, 844; McKenzie and Wren, /J., 1908, 311; Smith and Bergmann, /. Biol. 
Chem., 1944, 158, 647; Haworth, Heslop, Salt, and Smith, J., 1944, 222; Betts and Hammett, loc. cit.). There 
can be no doubt, however, that a very strong catalytic effect is exerted on the reaction by water (compare 
Meyer, loc. cit.), so that in some cases, e.g., methyl acetate (Hinshelwood and Grant, /J., 1933, 1351), no reaction 
can be detected in non-aqueous solvents. Ethyl 4-sulphanilamidobenzoate provides a further example of 
this, for no reaction occurred on treating the ester with saturated alcoholic ammonia or a solution of ammonia 
in pyridine, even on heating to 200°. Ethyl p-nitrobenzoate, which reacts readily with aqueous or aqueous 
alcoholic ammonia in the cold, is unchanged after standing for 18 days in absolute alcoholic solution saturated 
with ammonia. 

The solvolysis of esters in liquid ammonia and in amines has been shown to be acid-catalysed (by ‘‘ onium ”’ 
ions) (Fellinger and Audrieth, J. Amer. Chem. Soc., 1938, 60, 579; Audrieth and Kleinberg, J. Org. Chem., 
1938, 3, 312). As a result of studies on the solvolysis of esters in n-butylamine, Glasoe, Scott, and Audrieth 
(J. Amer. Chem. Soc., 1941, 68, 2965) conclude that the accelerating effect of water on reactions of this type is 
due to the increase in concentration of the catalytically active ‘“‘ onium ions.’’ There seems to be no real 
evidence, however, that this explanation holds for systems in which the molar ratio of water to amine is high. 
Ammonolysis of phenylacetic esters in methanol is retarded by ammonium ions (Betts and Hammett, loc. cit.), 
and has been shown to be partly a base-catalysed reaction: it therefore seems permissible in the absence of 
further evidence to accept the contention of Branch and Calvin (op. cit.) that the reaction of esters with amines 
in an aqueous medium is also base-catalysed. The progressively accelerating effect of water on the solvolysis 
studied by Glasoe, Scott, and Audrieth may very well involve a change from an acid- to a base-catalysis. 

If the interaction of ammonia molecules with water is considered, it appears that aqueous ammonia must 
contain a variety of unstable hydrogen-bonded complexes of which the types (a) and (b) represent the simplest 
forms : 


Fi $+ s— 
Z HS HOH Mt 4.08. 5 I eo fm 
NH, + H,O i ‘ 


i 6 
NNO SME MIO. ea a a 


Inder ordinary conditions the ionisation (B) is of slight importance for, if water is in excess, the NH, ion 

tacts with the water to give a hydroxyl ion, so that its equilibrium concentration-is negligibly small. The 

omplex (b), however, is quite probably present in appreciable concentration, and is able by virtue of its polar 

and nucleophilic nature to supply an NH,~ ion to any centre which has an affinity for these ions, in this case 

he carbonyl group. The reaction in water may therefore be represented by an ionic mechanism of tHe S,2 
pe : 


er a + NH —=R-cZOAk—> roe 4+ OAIK-. 
oan \NH, NH, 


This mechanism may explain the fact that amide formation takes place more readily in aqueous than in 
Mcoholic ammonia. The reaction in alcohol proceeds to some extent by addition of amide ions, presumably 


- ~ 

trough the complex, H,N-H-OHAIk, formation of which is discouraged by the electron-donating properties 
bi the alkyl group. In methanol, however, according to Betts and Hammett (loc. cit.), an uncatalysed addition 
Mt molecular ammonia proceeds simultaneously with the ionic reaction. There are evidently insuflicient 
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amide ions available to control the reaction completely, so that some part is played by the more sluggish 
molecular process : 
s+ 8— H O 
4+ H—NH, = n—c/OAlk —> RCH ~—s_ 4: HOA. 
‘ \NH, NH, 


Moreover, in alkaline hydrolysis it is generally assumed that the intervention of a water molecule is necessary 
for the removal of the alkoxy group, possibly according to the mechanism suggested by Lowry (see Waters 
Physical Aspects of Organic Chemistry, 1942, Chap. 12), in which the required proton is supplied by the wate 
molecule (see also Watson, Trans. Faraday Soc., 1941, 37, 712). The lower proton-donating ability of the 
alcohol molecules (Danner, J. Amer. Chem. Soc., 1922, 44, 2832; Faulkner and Lowry, J., 1926, 1938) would 
partly account for the sluggishness of ammonolysis in alcoholic solution, assuming that a similar mechanisn 
is involved. , 

It is not improbable that the molecular process is also involved in the reaction occurring in aqueous ammonia, 
As Hughes and Ingold have pointed out (J., 1935, 252), this type of mechanism is facilitated by ionising solvents 
owing to the stabilisation of fractional charges in the transition state of the reaction; attack by a neutral 
ammonia molecule would thus proceed more readily in water than in a non-aqueous solvent, although not » 
readily as attack by an amide ion. 

EXPERIMENTAL, 


(Melting points are corrected.) 


Esterification of the Sulphanilamidobenzoic Acids.—The 2-, 3-, and 4-sulphanilamidobenzoic acids were prepared by 
the action of. N-acetylsulphanilyl chloride on the ok meres aminobenzoic acid (Kolloff, J. Amer. Chem. Soc., 1938, 60, 
950), the acetyl group being subsequently removed by alkaline hydrolysis (Crossley, ibid., 2217). The acids (25 g) 
were esterified by refluxing for at least 5 hours with concentrated sulphuric acid (25 c.c.) and alcohol (100 c.c.); the 
solutions were poured into a mixture of ice and 10% sodium hydroxide solution (320 c.c.), and made just alkaline with 
sodium carbonate to give the esters in almost quantitative yield. Ethyl 4-sulphanilamidobenzoate was also obtained 
by the esterification of N*-acetyl-4-sulphanilamidobenzoic acid, the acetyl group being removed in the process. 

The following esters were prepared: methyl 3-sulphanilamidobenzoate, crystals from methanol, m. p. 165—16¢’ 
(Found: N, 9-3; S, 10-5. C,,H,,0O,N,S requires N, 9-2; S, 10-5%); methyl 4-sulphanilamidobenzoate, crystals from 
methanol, m. p. 235—236° (Found: S, 10-7%); ethyl 2-sulphanilamidobenzoate, prisms from ethanol, m. p. 1685 
(Marchant e¢ al., loc. cit., gave m. p. 165-5°); ethyl 3-sulphanilamidobenzoate, plates from ethanol, m. p. 106-5—107-5° 
resolidifying and melting again at 153° (Marchant e¢ al. gave m. p. 105°) (Found: S, 10-0. Calc.: S, 10-0%); ethyl 
4-sulphanilamidobenzoate, thin plates from a large volume of ethanol, m. p. 243° (softening at 237°) (Marchant ¢ al 

ave m. p. 235°). 
’ 4-Sulphanilamidobenzamide (I).—Ethyl 4-sulphanilamidobenzoate (42-5 g.) was heated with aqueous ammonia (30 
c.c., d 0-880) in an autoclave for 5 hours at 150°, the pressure rising to 200 lbs./sq. in. After cooling, the contents of the 
autoclave were mixed with charcoal and filtered. Sulphuric acid (50%) was added to, the ice-cooled liquid until the 
mixture was no longer alkaline to phenolphthalein, but remained alkaline to litmus. Filtration gave 4-sulphanilamido 
benzamide (26 g., 67%). The mother-liquor gave 4-sulphanilamidobenzoic acid (9-1 g., 31%) on making the filtrate 
just acid to Congo-red. The amide was purified by reprecipitation from ammonia, followed by recrystallisation from 
ethanol to give thin plates, m. p. 201—202° (Found: N, 14-5; S, 10-9. C,,;H,;0,;N,S requires N, 14-4; S, 11-0%). 
3-Sulphanilamidobenzamide.—(a) Ethyl 3-sulphanilamidobenzoate (120 g.) was heated in an autoclave for 5 hours 
at 150° with aqueous ammonia (900 c.c., d 0-880). Proceeding as described above 3-sulphanilamidobenzamide (79 g, 
72%) was obtained together with 3-sulphanilamidobenzoic acid (22-5 g., 21%). The amide was reprecipitated from 
ammonia and recrystallised from a large volume of ethanol to give needles, m. p. 217—-218° (Found: N, 14-4; S, 10+4. 
C,,;H,,;0,N,S requires N, 14-4; S, 110%). (6) Methyl 3-sulphanilamidobenzoate (1-0 g.) was treated with ammonia 
(4-0 c.c., d 0-885) and left at 20° in a closed tube. The solid gradually went into solution, and after 5 days the cleat 
liquid was neutralised, giving 3-sulphanilamidobenzamide (0-88 g., 93%). The ethyl ester, which was immediately 
soluble in ammonia, reacted in the same way but complete conversion to the amide required about 8 days at room 
temperature. : 
-Sulphanilamidobenzamide.—Ethy1 2-sulphanilamidobenzoate (35 g.) was heated with aqueous ammonia (300 cc. 
d 0-880) in an autoclave for 3 hours at 150°. On making the solution neutral to phenolphthalein there was obtained 
2-sulphanilamidobenzamide (24 g., 75%), and acidification of the mother-liquors gave 2-sulphanilamidobenzoic acid 
(4:3 g., 18%). The amide was purified by reprecipitation from ammonia and by recrystallisation from aqueous ethand 
or benzene; it was obtained in thin plates, m. p. 175—I76° (Found: C, 53-6; H, 4:6; S, 10-8. C,,;H,,0,N,S require 
C, 53-6; H, 4:5; S, 110%). Ethyl 2-sulphanilamidobenzoate did not react appreciably on standing with ammonia 
solution for a week at room temperature. 

The Reactivity of Substituted Ethyl Benzoates towards Ammonia.—(a) Reaction in aqueous ammonia. The tests weft 
carried out at 18° in sealed glass test-tubes, using 0-005 mol. of the ester and aqueous ammonia (10 c.c., d 0-885). Slight 
variations in ammonia concentration may have occurred between the various groups of tests, but in any single group 
the molar concentration of reactants was constant. The esters, purified by recry isation or distillation, were presett 
as finely powdered solids or as oily emulsions, with the exception of ethyl 3-sulphanilamidobenzoate and ethyl p-hydroxy- 
benzoate, which were soluble in the reacting solution. Agitation was not continuous, but each member of a group received 
the same treatment throughout. At the end of the tests, the ammonia was removed by neutralisation. or under reduced 
pressure, and the reaction products separated by taking advantage of their relative solubilities. The esters were soluble 
in ligroin (b. p. 40—60°) or in chloroform but the amides, in general, were insoluble in these solvents. The sulphonamide 
were separated in weakly alkaline solution, in which only the amides were soluble. As far as possible the results 
Table I were arrived at by determining the unreacted ester; when practical considerations made it more convenient 
determine the amount of amide formed, results are given in terms of a minimum degree of reactivity. ' It appeared that 
the tendency towards formation of the carboxylic acid is very slight in the aromatic series in the cold; amide formatiol 
is certainly the predominating reaction among the more reactive members of the series. 

(b) Reaction in aqueous alcoholic ammonia. Similar tests were performed (Table II), using a mixture of aqueots 
ammonia (5 c.c., d 0-885) and ethanol (5 c.c.) for the same weight of ester (0-005 mol.). This mixture dissolved most 0 
the esters completely. Ethyl p- and m-nitrobenzoate were, however, only partially soluble, and ethyl 4-sulphanilamide 
Leaman ror which is almost insoluble in cold alcohol, dissolved to such a slight extent that this may explain its unexpectedly 

ow reactivity. 
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TaBte I. 


Ester. Time (days). Extent of reaction, %. 
Ethyl p-nitrobenzoate 0-25 27 
m-nitrobenzoate 
p-nitrobenzoate 
m-nitrobenzoate 
benzoate 
m-aminobenzoate 
3-sulphanilamidobenzoate 
p-toluate 
p-hydroxybenzoate 
a -aminobenzoate 
Methy pe cans eae oe emer 
Ethyl 4-sulphanilamidobenzoate 
anisate 
p-hydroxybenzoate 
p-aminobenzoate 
3-sulphanilamidobenzoate 
m-aminobenzoate 
m-aminobenzoate 


TaBLe II. 


Ester. Time (days). Extent of reaction, %. 

Ethyl p-nitrobenzoate 

m-nitrobenzoate 

m-aminobenzoate 

3-sulphanilamidobenzoate 

p-toluate 

anisate 

p-aminobenzoate 

p-hydroxybenzoate 

4-sulphanilamidobenzoate 


(c) Reaction in anhydrous solvents. Ethyl p-nitrobenzoate (1-95 g.) was dissolved in a saturated solution of dry 
ammonia in absolute ethanol (20 c.c.) and kept in a sealed vessel for 18 days at room temperature. On evaporation 
of excess of solvent and dilution with water, the ester was recovered quantitatively in an unchanged state. 

Ethyl 4-sulphanilamidobenzoate (5 g.) was heated in an autoclave for 6 hours with a saturated solution of dry ammonia 
gas in ethanol (100 c.c.). The temperature rose to 200°, and the pressure to 350—450 lbs./sq. in. After cooling and 
removing the alcoholic ammonia under reduced pressure, the ester was recovered unchanged. Similarly, no reaction 
was detected when the ester (7 g.) was heated for 6 hours at 210° with pyridine (50 c.c.) saturated with dry ammonia. 

Acetylation of the Sulphanilamidobenzamides.—Experiments were carried out to obtain acetyl derivatives for pharmaco- 
logical study. Direct acetylation of the amide under mild conditions was effective; more strenuous acetylation tended 
todehydrate the amide group. Results are also recorded of attempts to obtain the desired product through the acetylated 
ester. Two of the following compounds, the preparation of which has been claimed in patent literature without proof 
of identity, are now recorded as new. 

Action of Acetic Anhydride on 4-Sulphanilamidobenzamide.—The amide (5-8 g.), dissolved in 10% sodium hydroxide 
solution (16 c.c.), was treated with acetic anhydride and sodium hydroxide by alternate additions. Final acidification 
gave N‘-acetyl-4-sulphanilamidobenzamide (5-4 g.), which, after recrystallisation from a large volume of ethanol, had 
m. p. 286° (decomp.) (Found: N, 12-7; S, 9-7. C,sH,,0,N,S requires N, 12°6; S, 9-6%) (B.P. 486,421/1938 gives m. p. 
255°). When the amide (2 g.) was refluxed for 14 hours with acetic anhydride (20 c.c.), evaporation of excess solvent 
and neutralisation with sodium hydroxide gave N‘-acetyl-4-sulphanilamidobenzonitrile, which, when recrystallised from 
rage had m. p. 252—253° (Found: C, 57-2; H, 4:0; N, 13:3; S, 10-2. C,,H,,0,N,S requires C, 57-1; H, 4-2; N, 

33; S, 10-2%). 

dcatplation af Ethyl 4-Sulphanilamidobenzoate.—The ester (10 g.) was refluxed with acetic anhydride (100 c.c.) for 1 
hour. Evaporation of excess solvent and neutralisation gave ethyl N‘-diacetyl-4-sulphanilamidobenzoate (11-7 g., 92 %), 
hyn» = 3 recrystallisation from ethanol, had m. p. 202° (Found: £, 56-4; H, 4-9; S, 7°6. CysHO,N,S requires 

, 56-4; H, 5-0; S, 7-9%). 

When heated with mane ammonia (d 0-880) in an autoclave for 3 hours at 150°, the diacetyl ester gave ethyl N*-acetyl- 
4-sulphanilamidobenzoate (52%), which crystallised from aqueous ethanol in needles, m. p. 223° (Found: N, 7-8; S, 8-6. 
C,,H,,0,N,S requires N, 7-7; S, 8-9%) (B.P. 486,421/1938 gives m. p. 220°). From the mother-liquor of the reaction 
N*-acetyl-4-sulphanilamidobenzoic acid was obtained. When heated with aqueous ammonia (d 0-880) in an autoclave 


(36 Fa hours at 150°, the reaction products were 4-sulphanilamidobenzamide (40%) and 4-sulphanilamidobenzoic acid 
7) 0 . - 


Acetylation of See henteneitonensernede stn amide (5-8 g.) was acetylated in the manner previously described for 
iving Né 


the 4-amide, -acetyl-3-sulphanilamidobenzamide (4:5 g., 68%). After recrystallisation from ethanol, it had 
m, Pp. 222—223° (Found 4 N, 12-7. C, H,,0,N,;S T uires N, 12-6%). 

_ Acetylation of Ethyl 2-Sulphanilamidobenzoate — e ester (16 g.) was refluxed with acetic anhydride (160 c.c.) for 20 
minutes. After concentration and neutralisation, the crude product was recrystallised from ethanol to give ethyl 
N*-diacetyl-2-sulphanilamidobenzoate (10-8 g., 54%), m. p. 199° (Found: C, 66-2; H, 4-9; N, 7-1. C,,H,,.O,N,S requires 
C, 56-4; H, 5-0; N, 69%). The diacetyl ester (10 g.), was heated with aqueous ammonia (80 c.c., d 0-880) for 2} hours 
at 150° in an autoclave. On making neutral to phenolphthalein, there was obtained N‘-acetyl-2-sulphanilamidobenzamide 
(64g.,78%). After recrystallisation from much ethanol it had m. p. 263° (decomp.) (Found: C, 54-0; H, 4-5; N, 12-5. 
C,sH,,0,N,S requires C, 54:0; H, 4:5; N, 12-6%). 


The author’s thanks are due to Mr. D. T. Warren for experimental assistance, and to Messrs. A. Bennett and H. C. 
Clarke for the microanalyses. 
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191. Sulphonamides. Part II. The Action of Amines on Ethyl 4-Sulphanilamido. 
benzoate. Some Aliernative Preparative Methods for Sulphanilamidobenzamides. 


By Joun H. Gorvin. ns 


The most interesting of the three sulphanilamidobenzamides (cf. Part I) from the point of view of bacterio- 
static activity and low absorption has proved to be the 4-isomer (I; R, = R, = H) (compare Swyer and 
Yang, Brit. Med. J., 1945, 1, 149). The preparation of certain derivatives of this compound has therefore 
been studied, as well as some alternative methods for obtaining the sulphanilamidobenzamides. 


THE slow reaction of an ethyl sulphanilamidobenzoate with aqueous ammonia in the cold produces the amide 
almost exclusively; the more rapid reaction at high temperature, however, results in the simultaneous pro. 
duction of appreciable amounts of acid (Part I). This is evidently due to the increase in the relative concentra. 
tion of hydroxyl ions in aqueous solutions of ammonia since rising temperature reduces the stability of the 
hydrogen-bonded ammonia—water complexes. Alkylamines, like ammonia, react readily with ethyl 4-sulphanil- 
amidobenzoate only on heating for several hours at temperatures above 100°, and in all cases the principal 
reaction is a simple hydrolysis to 4-sulphanilamidobenzoic acid. Substituted amides’are produced in small 
yields; the methylamide (I; R’ = H, R’’ = Me) (31 per cent.), ethylamide (I; R’ = H, R” = Et) (8 per 
cent.), and n-propylamide (I; R’ = H, R” = Pr) (1 per cent.) are obtained by this method, but »-butylamine, 
dimethylamine and diethylamine bring about hydrolysis unaccompanied by any detectable amide formation, 


tie OF og. 
H,NC_)SO,NH{_CONR R HNC SON HK CN 
(L.) (II.) 


The relative extent of amide formation and hydrolysis of a given ester by an amine at high temperatures 
must depend largely on the basic strength of the amine, for this factor, by controlling the hydroxy] ion con- 
centration, must determine the rate of hydrolysis of the ester. On the other hand, the rate of amide formation 
is determined by the nucleophilic reactivity of the reacting amine, or, rather, of the appropriate amine—water 
complex, and this reactivity would be expected to be greater for the alkylamines than for ammonia if it were 
not for the higher concentration of anticatalytic lyonium ions in the more strongly basic amine solutions, 
From the experimental data it seems that, in the cases studied, the hydroxyl ion concentration is high enough 
to control almost entirely the course of the reaction. It may be objected that some hydrolysis of the amide 
occurs after its formation; Meyer, however, rejected this possibility in the general case (Monatsh, 1906, 27, 
32), and his conclusion is supported by the behaviour of 4-sulphanilamido-NN-dimethylbenzamide (I; R’ = R" = 
Me) (see below), which is not appreciably hydrolysed under the conditions of its attempted preparation from 
the ester. 

A general method for the preparation of alkyl derivatives of 4-sulphanilamidobenzamide of the type dis- 
cussed above is provided by the preferential acid hydrolysis of their N‘*-acetyl derivatives, prepared by allowing 
the appropriately substituted p-aminobenzamide to react with N-acetylsulphanilyl chloride. Although a 
certain amount of hydrolysis occurs at the carboxamido group, the alkyl derivatives and the phenyl (I; R’ =H, 
R” = Ph) and benzyl (I; R’ = H, R” = Ph:CH,) compounds are reasonably stable to strong acids and are 
obtained in satisfactory yield by this method. Inasimilar manner, the 2-, 3-, and 4-sulphanilamidobenzamides 
are readily prepared from their N‘-acetyl derivatives by acid hydrolysis. 

The N*-acetylsulphanilamidobenzonitriles, prepared from N-acetylsulphanilyl chloride and m- or p-amino- 
benzonitrile, can also be preferentially hydrolysed at the acetyl group; further hydrolysis of the resulting 
sulphanilamidobenzonitrile (II) with 95 per cent. sulphuric acid or with alkaline hydrogen peroxide provides 
an alternative route to the 3- and 4-sulphanilamidobenzamides. 


EXPERIMENTAL. 


The compounds described were in most cases purified by recrystallisation from ethanol, using the simple extractor 
devised by Clarke and Kirner (Org. Synth., Coll. Vol. I, 1941, 375); this made possible the use of small quantities of 
solvent, even though many of the substances were of low solubility in ethanol. All m. p.sarecorrected. Two or more 
m. p.s quoted for one compound indicate the existence of polymorphic forms; fusion of the less stable form was followed 
by resolidification and subsequent melting at the higher temperature. ; 

The Action of Alkylamines on Ethyl 4-Sulphanilamidobenzoate.—(a), Methylamine. The ester (7 g.) was heated in al 
autoclave with 25% aqueous methylamine solution (30 c.c.) at 150° for 6 hours. The liquid was filtered through charcoal 
and made just acid to phenolphthalein, which brought about the separation of 4-sulphanilamido-N-methylbenzamide 
(2-1 g., 31%). ee from ammonia followed by recrystallisation gave a crystalline powder, m. p. 236—237 
(Found: N, 13-8. C,,H,,0,N,S requires N, 13-8%). 4-Sulphanilamidobenzoic acid (60%) was obtained on making 
the filtrate just acid to Congo-red. A small yield of the methylamide was also obtained by heating 4-sulphanilamido- 
benzamide with 33% aqueous methylamine solution for 8 hours at 175°, but the conversion was not complete. 


precipitation from ammonia gave a substance (0-11 g.), m. p. 242°, raised by authentic propylamide (see below). The 


original filtrate yielded 4-sulphanilamidobenzoic acid (5-45 g., 67%). 
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(d) n-Butylamine. The ester (5 g.) was heated with m-butylamine (5-5 c.c.) and water (5-5 c.c.) for 4 hours at 180°. 
On making the solution just acid to phenolphthalein, unchanged ester (3-5 g., 70%) was recovered. On acidification 
of the filtrate the acid (1-1 g., 24%) was obtained. : 2 : 

(e) Dimethylamine. The ester (1 g.) placed in a glass tube with 33% aqueous dimethylamine solution (10 c.c.) was 
heated in an autoclave for 6 hours at 160°. The solution, when acid to Congo-red, precipitated 4-sulphanilamidobenzoic 

i -73 “7 88° . " 
pal Olea. The ester (6-4 g., 0-02 mol.) heated in a sealed tube with 40% aqueous diethylamine solution 
(14:6 c.c., 0-08 mol.) at 180—190° for 6 hours gave unchanged ester (0-73 g., 11%) and 4-sulphanilamidobenzoic acid 
4-95 g., 85%). The diethylamine was recovered quantitatively from the mother-liquor as the benzenesulphony] deriv- 
ative, and no tertiary base could be detected. Ethanol was present in the final filtrate. The reaction was therefore a 
simple alkaline hydrolysis. —_ ; } ; 

The Preparation of Substituted p-Aminobenzamides.—The p-amino-N-methyl-, -N-ethyl-, -N-propyl-, -N-butyl-, 
-NN-dimethyl-, -NN-diethyl-, and -NN-pentamethylene-benzamide were prepared by the met od of Wenker (/. 
Amer. Chem. Soc., 1938, 60, 1081). The same procedure was applied to the preparation of p-amino-N-benzylbenz- 
amide (cf. Dermer and King, J. Org. Chem., 1943, 8, 168) and p-amino-N-phenylbenzamide (cf. Rivier and Kunz, Helv. 

im. Acta, 1932, 15, 377). . 

a Coupling of Sebtteted p-Aminobenzamides with N-Acetylsulphanilyl Chloride.—The acid chloride (1-1 mol.) 
was added to a solution of the appropriate compound (1 mol.) dissolved in dry pyridine. After standing on the water- 
bath for 30 minutes the excess of pyridine was removed under reduced pressure and the residue was shaken with 10% 
hydrochloric acid. The crude N‘-acetyl derivatives were obtained in yields amounting to 90% of the theoretical. The 
melting points and analyses obtained after recrystallisation are recorded in the table. aire 

When this procedure was applied to m- and p-aminobenzamide, the compounds N‘-acetyl-3-sulphanilamidobenzamide 
and N*-acetyl-4-sulphanilamidobenzamide (cf. Part I) were obtained (cf. also B.P. 486,421). 

Found Required 
Compound. M. p. Formula. (%). (%). 
N‘.Acetyl-4-sulphanilamido-N-methylbenzamide 20.2.0. s2eeeeees 301° C,,H,,0,N,S N, 12-2 
-N-ethylbenzamideé — ....c.scc0.eeeeseeese  237—238* C,,Hy,O,N,S 11-7 
-N-n-propylbenzamide .........0..+02-.. 259-—260 C,,H,,0,N,S 11-2 
-N-n-butylbenzamide  ..........sse00-08 291—292 C,,H,,0,N;S 11-1 


-NN-dimethylbenzamide —... ss. e000. C,7H,,0,N,S 


-NN-diethylbenzamide C19H30,N;S 
-N-benzylbenzamide ......s.0ceecsecseves C,,H,,0,N,5 


-N-phenylbenzamide — .........eeeeeeee C,,H,,0,N;S 
-NN-pentamethylenebenzamide 239-5—241 C,,H,,;0,N,S 


Monohydrate of last compound .........eeeeceeeeeseeeeeeeeceecseeeeeee 159—160 7 CggH,,0,N,S 
* The melt clarified at 244°. F = 
t By crystallisation from aqueous ethanol; it lost water on melting and resolidified as the anhydrous compound. 


Hydrolysis of the Acetyl Compounds.—These were refluxed with strong acid until most of the solid had passed into 
solution; the hot acid liquid was then filtered through glass-wool, cooled by addition of ice and made just alkaline to 
litmus. The liberated amides were in some cases dissolved in ammonia, filtered through charcoal and reprecipitated, 
in order to remove coloured impurities before the final recrystallisation from ethanol. The acid concentrations employed 
in the hydrolysis and the time of heating were capable of considerable variation; in-the following examples the figures 
quoted do not necessarily represent optimum conditions. The volume of acid used was limited to 10 c.c. for each gram 
of acetyl derivative. The attempted -hydrolysis of N*-acetyl-4-sulphanilamido-NN-diethylbenzamide led to the 
formation of resinous products; in the other cases hydrolysis proceeded mainly at the acetyl group although some 
4-sulphanilamidobénzoic acid could usually be isolated from the mother —e. 

4-Sulphanilamido-N-methylbenzamide.—Refluxing the acetyl compound with 50% sulphuric acid for 30 minutes 
gave a 66% yield of the methylamide, m. p. 236—237°, identical with the substance described above. 

4-Sulphanilamido-N-ethylbenzamide.—With 50% sulphuric acid, theacetyl derivative gave a 74% yield of ethylamide, 
m. p. 227°5°, identical with the substance previously described. 

4-Sulphanilamido-N-n-propylbenzamide.—After refluxing with 50% sulphuric acid for 10 minutes, 12% of the acetyl 
compound remained undissolved; from the solution was obtained an 81% yield of the n-propylamide, small rods, m. p. 
253—254° (Found: N, 12-7; S, 9-9. C,,.H,,O,N;S requires N, 12-6; S, 9-6%). 

4-Sulphanilamido-N-n-butylbenzamide.—The acetyl derivative (78%) was recovered unchanged after refluxing with 

50% sulphuric acid for 15 minutes. The action of 65% sulphuric acid, however, brought about complete hydrolysis of 
the acetyl group in 10 minutes. The butylamide crystallised as flattened needles, m. p. 183—184° and 199—200° (Found : 
N, 121; S, 91. CyH,,O,N,S requires N, 12-1; S, 9-2%). : 

4-Sulphanilamido-NN -dimethylbenzamide.—Hydrolysis of the acetyl compound with 50% sulphuric acid for 2 


minutes, or with hydrochloric acid (d 1-2) for 10 minutes ae a 90% yield of the dimethylamide, prisms, m. p. 253—254° 


(Found: N, 13-3; S, 9-9. C,,H,,O,N,S requires N, 13- , 101%). 

4-Sulphanilamido-N-benzylbenzamide —Hydrolysis of the acetyl compound with 65% sulphuric acid for 30 minutes 
_ rt yield of the benzylamide, leaflets, m. p. 188—189° (Found: N, 11-1; S, 8-4. C, H,,0,N,S requires N, 11-0; 
, 84%). 

4-Sulphanilamido-NN-pentamethylenebenzamide.—Hydrolysis of the acetyl derivative with 50% sulphuric acid for 
20 minutes gave a 28% yield of the pentamethyleneamide, prismatic needles, m. p. 204—205° (Found: N, 11-7; S, 9-2. 
C,,H,,0,N, requires N, 11-7; S, 8-9%). 

4-Sulphanilamido-N-phenylbenzamide.—Hydrolysis of the acetyl compound with 65% sulphuric acid for 20 minutes 
gave a a yield of the phenylamide, microcrystalline powder, m. p. 275° (Found: N, 11-6; S, 86. C,,H,,0,N,S 
Tequires N, 11-4; S, 8-7%). 

t-Sulphanilamidobensemide—-N*-Acetyl-4-sulphanilamidobenzamide, boiled with 50% sulphuric acid until solution 
was complete, gave an 80% yield of the amide. 

3D 
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3-Sulphanilamidobenzamide.—N*-Acetyl-3-sulphanilamidobenzamide passed into solution and gave a 72% yield of 
amide on boiling for one minute with 50% sulphuric acid. 

2-Sulphanilamidobenzamide.—N*-Acety]-2-sulphanilamidobenzamide (Part I) boiled with 50% sulphuric acid for 
12 minutes gave a 76% yield of the amide. 

4-Sulphanilamidobenzonitrile.—p-Aminobenzonitrile (1-2 g.) in pyridine (15 c.c.) was treated with N: -acetylsulphanily| 
chloride (2-34 g.) and left for 30 minutes on the water bath. On removing the excess of pyridine and acidifying, N*-acety). 
4-sulphanilamidobenzonitrile (2-68 g., 85%) (cf. Part I) was obtained. This was hydrolysed with 50% sulphuric acid 
(25 c.c.) by refluxing for 30 minutes. 4-Sulphanilamidobenzonitrile (1-92 g., 82%) was recrystallised from aqueous 
ethanol to give laminz, m. p. 178—179-5° (Found: N, 15-4; S, 11-5. C,;H,,0,N,S requires N, 15-4; S, 11-7%). 

3-Sulphanilamidobenzonitrile—From m-aminobenzonitrile was similarly obtained an 80% yield of N*-aceiy/-3. 
sulphanilamidobenzonitrile, m. p. 241° (softening at 232°) (Found: N, 13-6. C,,H,,0,N,S requires N, 13-3%) (BP. 
486,421/1938 gives m. p. 236° for a compound prepared by a similar method). The acetyl compound (6-5 ¢)), 
boiled with 50% sulphuric acid (65 c.c.) for 12 minutes gave, in addition to unchanged substance (2-3 g.), 3-sulphanil. 
gO (2-75 g.) crystallising in needles, m. p. 190—191° (Found: N, 15-6; S, 11-6. C,3H,,0,N,S requires 
N, 15-4; S, 11-:7%). 

Partial Hydrolysis of the Sulphanilamidobenzonitriles.—3-Sulphanilamidobenzonitrile (1 g.) dissolved readily in 95% 
sulphuric acid (4c.c.). After keeping for 18 hours at room temperature the solution was poured into ice-water and made 
just alkaline to litmus; 3-sulphanilamidobenzamide (0-84 g., 79%) separated in a pure state. A less pure product 
(0-94 g., 88%) was obtained by treating the nitrile (1 g.) in 10% sodium carbonate solution (10 c.c.) with hydrogen 
peroxide solution (100 vols., 10 c.c.) and leaving to stand. 

4-Sulphanilamidobenzonitrile reacted normally with 95% sulphuric acid to give 4-sulphanilamidobenzamide, although 
the nitrile was sparingly soluble in the acid. A homogeneous reaction mixture was readily obtained by dissolving the 
nitrile in a little acetic acid, but the heat evolved on mixing the acetic acid solution with the sulphuric acid tended to 
produce acetylation unless careful cooling was applied. -The nitrile was similarly converted to the amide by hydrogen 
peroxide under the above conditions. 

4-Sulphanilamido-NN-dimethylbenzamide with Dimethylamine.—An experiment has been previously described in 
which ethyl 4-sulphanilamidobenzoate was heated with aqueous dimethylamine solution in an autoclave. In another 
glass tube in the same autoclave was contained a solution of the dimethylamide (1 g.) similarly dissolved in the amine 
solution (10 c.c.). From this tube unchanged dimethylamide (0-954 g.) was recovered after heating under the previously 
described conditions. 


The author is grateful to Mr. T. M. Sharp for suggestions and for providing the aminobenzonitriles. Thanks are also 
due to Mr. J. R. Soar and Mr. R. Penfound for experimental assistance and to Mr. A. Bennett for the microanalyses. 


WELLCOME LABORATORIES OF TROPICAL MEDICINE, Lonpon, N.W.1. [Received, July 4th, 1945.] 





192. The Quantitative Estimation of. Xylose. 
By L. J. Breppy and J. K. N. Jonss. 


Xylose condenses with benzaldehyde dissolved in methyl alcoholic hydrogen chloride forming the sparingly 
soluble dibenzylidene dimethyl acetal of xylose. A quantitative method of estimation of the sugar has been 
developed based on the formation of this derivative. 


THE quantitative estimation of xylose in the presence of other sugars is a matter of considerable difficulty, 
which is augmented when other pentoses or methyl pentoses are present [compare Wise and Appling, /nd. 
Eng. Chem. (Anal. Ed.), 1945, 17, 182]. The estimation of arabinose alone is a comparatively simple 
matter, but when arabinose and xylose occur together, as in damson gum (Hirst and Jones, J., 1938, 1174), 
no satisfactory method for the direct estimation of xylose has hitherto been available. The usual method of 
detecting xylose is to oxidise the mixture of sugars with bromine in the presence of cadmium carbonate. On 
evaporation of the filtered solution boat-shaped crystals of the double salt, cadmium bromide—cadmium 
xylonate, separate if xylose is present. This method is not quantitative, and becomes uncertain when only 
small quantities of sugar are available. To get over this difficulty, attempts were made to find a reagent which 
was specific for xylose. It was then found that benzaldehyde dissolved in methanolic hydrogen chloride reacted 
with xylose forming a sparingly soluble crystalline derivative. Under similar conditions no such crystalline 
derivative was obtained from glucose, mannose, galactose, fructose, sorbose, maltose, sucrose, «-methylman- 
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noside, «-methylglucoside, rhamnose and arabinose. Analysis of the product from xylosé showed it to be the 
dimethyl acetal of dibenzylidene d-xylose, for which three structural formule are possible (I), (II), and (III). Since 
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methylation with Purdie’s reagents did not increase the methoxyl content, it would seem that the substance 
has no free hydroxyl groups. 


Because of the low solubility of this derivative of xylose, it was possible to detect traces of xylose and to 
develop a quantitative method of estimation of the sugar accurate to within 8% (calculated on the weight of 
xylose used) when estimating between 0-2 and 0-8 g. of xylose. To standardise the method, various quantities 
of xylose were added to 10 c.c. of the reagent and after seven days the weight of derivative was determined. 
The weights of derivative and of xylose were then plotted and the points found to lie approximately on a straight 
line the equation of which was y = 0-482% + 0-055, where y = the weight of xylose and * = the weight of 
derivative isolated under standard conditions. From this equation and from the weight of derivative isolated 
it is possible to estimate the amount of xylose present. 


EXPERIMENTAL. 


Reagent. The reagent was prepared by dissolving redistilled benzaldehyde (40 c.c.) in a mixture of 2-5n (by volume) 
methanolic hydrogen chloride (20 c.c.) and methanol (120 c.c.). Xylose was weighed out and added to the reagent 
(10 c.c.) ina stoppered flask and the mixture left for seven days at room temperature with occasional shaking. The 
crystalline derivative was then filtered off, washed successively with water (200 c.c.) and methanol (40 c.c.) then dried at 
100° for 1 hour and weighed. The weights of derivative isolated from various-weights of xylose are given in Table I. 


TABLE I. 


Xylose (g.) ....ccrcccccceccccccccsecceccrsccsccscesercceccsers 0-068 0-162 0-287 0-474 0-789 1145 
Dibenzylidene dimethyl acetal of xylose (g.)......... 0-010 0-134 0-455 0-896 1-542 2-240 


The dimethyl acetal of dibenzylidene d-xylose crystallised in needles. It was very sparingly soluble in all the usual 
solvents, but was slightly more soluble in chloroform. It was unaffected by Purdie’s reagents, showing the absence of 
free hydroxyl groups and on steam distillation in the presence of dilute sulphuric acid it underwent hydrolysis with the 
formation of steam-volatile benzaldehyde and methanol, whilst xylose remained in solution thus providing a convenient 
method for isolating xylose from mixtures of sugars. The derivative had m. Y 211° after recrystallisation from chloro- 
form-ligroin (40—60°) and analysed as the dimethyl acetal of dibenzylidene d-xylose. [a]~" —9° (c, 1-2 in chloroform) 
(Found : C, 67-7; H, 63; OMe, 17-1%. C,,H,,O, requires C, 67-7; H, 6-5; OMe, 16-7%). 

Since the usual sugars associated with xylose in the plant gums are arabinose and galactose, artificial mixtures of these 
sugars with xylose were made and analysed for xylose by the method given above. Thé results of these analyses are given 
in Table II, in which Column 5 gives the weight of xylose estimated and Column 1 the weight of xylose present in the 
mixture. It is seen that the method gives results accurate to within some 8%, even under unfavourable conditions. 
This represents a very considerable improvement on other methods for the estimation of xylose in mixtures. 


TABLE II. 


Xylose, Arabinose, Galactose, Derivative of Xylose (from * % error calculated on the 
g. g. g. xylose, g. equation), g. Erroring. wt. of xylose weighed out. 

0-467 —_ --- 0-768 0-430 —0-037 

0-277 — — 0-442 0-272 —0-005 

0-432 1-000 _ 0-700 0-398 — 0-034 

0-502 ~- 1-05 0-860 0-475 —0-027 

0-406 — 1-130 0-660 0-380 — 0-026 

0-410 0-590 0-654 0-725 0-410 — 

0-348 0-330 —_ 0-585 0-342 — 0-006 

0-499 — 0-361 0-901 0-496 —0-003 

0-717 0-138 ~- 1-253 0-660 — 0-057 

0-339 a 0-534 . 0-569 0-332 —0-007 


In carrying out the estimation, syrups should not weigh more than 1-5 g. and should be freed from all traces of moisture. 
With smaller quantities of xylose (25 mg. to 150 mg.) it is advisable to use 1 c.c. of the reagent. The reagent can be 
used as a spot test for xylose since a crystalline precipitate forms with 10 mg. of dry sugar and a spot or two of reagent. 


The authors wish to thank Professor E. L. Hirst, F.R.S., for his intérest and advice. 
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193. The Chemistry of Gum Tragacanth. Part I. Tragacanthic Acid. 
By Sypit P. James and F. SMITH. 


Gum tragacanth (an exudation of shrubs belonging to the genus A stragulus) has been shown to be a mixture 
of tragacanthic acid, A, and a neutral ip peeve ogg B. There is also present in the gum a small quantity of a 
third component, C, which appears to be a glycoside. Methyl derivatives of A, B, and C have been obtained by 
exhaustive methylation of the gum. A closer investigation of the methylated tragacanthic acid, A, forms the 
subject of this paper. 

Hydrolysis of the methyl ester of methylated tragacanthic acid with methyl alcoholic hydrogen chloride 
and subsequent fractionation of the resulting mixture of methylated glycosides and ester uronosides, revealed 
the presence of 2 : 3 : 4-trimethyl a-methyl-1-fucoside (I), 2 : 3: 4-trimethyl methyl-d-xyloside (II), 3 : 4-dimethyl 
methylxyloside, the methy] ester of 2 : 3-dimethyl methylgalactofururonoside (IV), and the methyl ester of a mono- 
methyl B-methylgalactopyruronoside. The mode of linking of these units in tragacanthic acid is discussed. 


IN continuation of our investigations of plant gums we have examined gum tragacanth. This gum is- an 
exudation from various species of shrubs belonging to the genus A stragulus (of the order Leguminos@) occurring 
5 
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in S.W. Europe and the Middle East. The gum is produced spontaneously but its formation is artificially 
stimulated for commercial purposes by making vertical incisions in the trunks of the shrubs after being denuded 
of their leaves. The gum exudes and, when allowed to dry, forms white flakes. 

The early work of Kraut (Ber., 1872, 4, 650) who subjected the gum to fractionation indicated its great 
complexity. The first anaiytical work on the gum was by Widstoe and Tollens (Ber., 1900, 33, 132) who 
examined several varieties of tragacanth and identified the constituent sugars by hydrolysis with 10% sulphuric 
acid. From three samples of white tragacanth, arabinose was obtained and, from two samples of the brown 
variety, these workers isolated xylose. There was also isolated a crystalline sugar, identical with fucose 
obtained from sea-weed. In thesame year Hilger and Dreyfuss (Ber., 1900, 33, 178) demonstrated that tragacanth 
contained arabinose and galactose while O’Sullivan (J., 1901, 79, 1164) suggested that hydrolysis of gum 
tragacanth afforded a degraded material related to the polysaccharide acids derived in the same way from gum 
arabic and gedda gum. 

The white powder which constitutes the commercial product is slightly acid to litmus. It contains some 
inorganic material which may be removed by precipitation of the gum from solution in aqueous hydrochloric 
acid with alcohol. After further precipitation to remove mineral acid the gum has an equivalent weight of 
442. It contains methoxyl groups (OMe, 3-8%) of an etheric nature since the methoxyl content was unchanged 
after treatment of the gum with sodiym hydroxide solution. Fractionation of the gum from aqueous solution 
by the addition of alcohol has confirmed the view that the gum is highly complex in nature. Owing to the 
physical properties of the gum which made it difficult to handle it was deemed advisable to postpone fraction- 
ation until the gum had been transformed into the corresponding methyl] derivative. 

Gum tragacanth was subjected to exhaustive methylation, with methyl sulphate and sodium hydroxide, 
the methylation being carried out at room temperature. Since the methylated product was soluble in acid 
and alkaline solutions and could not be extracted with chloroform it was separated from inorganic material 
by dialysis. The methylated product proved to be a mixture of an acidic methylated polysaccharide traga- 
canthic acid, A, a neutral methylated polysaccharide, B, the examination of which will form the subject of a 
further communication, and a third small fraction, C, which is a glycoside. The latter was easily separated 
from the mixture of the three methylated products because of its insolubility in cold water. Aninitial separation 
of A and B was effected by reason of the fact that B was insoluble in hot water whereas the sodium salt of 
methylated tragacanthic acid, A, dissolved readily. Completion of the separation of A and B was achieved 
by conversion of A into the barium salt from which B was extracted with acetone. The methylated traga- 
canthic acid, A, was liberated from its barium salt by treatment with oxalic acid and its essential homogeneity 
demonstrated by fractionation. 

Treatment of the methylated tragacanthic acid with silver oxide gave the corresponding methyl ester. 
Hydrolysis of the methyl ester of methylated tragacanthic acid, A,:was brought about by boiling with dry 
methanol containing 3% hydrogen chloride or by heating in a sealed tube with the same reagents, when there 
was obtained a mixture of methylated glycosides and the methyl esters of methylated uronic acids. These 
components were separated by conversion of the acids to their barium salts followed by extraction of the 
methylated glycosides with ether. The mixture of esters from the barium salts and the mixture of glycosides 
were each subjected to fractional distillation (Smith, J., 1939, 1724). In addition, the mixture of glycosides 
and esters resulting from hydrolytic cleavage was directly resolved into its components by means of fractional 
naacateincr’ 
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The mixture of methylated glycosides was shown to consist of 2: 3: 4-ivimethyl a-methyl-l-fucoside (I) 
2:3: 4-trimethyl methyl-d-xyloside (II), 3: 4-dimethyl methylxyloside (III) and an unidentified fragmett 
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which may be a dimethyl methylpentoside. The presence of the methyl ester of 2: 3-dimethyl methyl- 
galacturonoside (IV) and the methyl ester of a monomethyl methylgalacturonoside was demonstrated. 

The trimethyl methylpentoside (I), which separated from the first fractions of the distillate in the crystalline 
form, was proved to be 2: 3: 4-trimethyl a-methyl-/-fucoside by its identity with a specimen prepared syn- 
thetically by methylation of a-methyl-/-fucopyranoside (Mensaas, Rec. Trav. Chim., 1932, 51, 475) (see 
Part II). 

The fully methylated xyloside (II) was identified as a 2: 3: 4-trimethyl methylxyloside since hydrolysis 
gave crystalline 2:3: 4-trimethyl xylose identified by m. p., rotation and comparison with an authentic 
specimen. 

Pe The dimethyl methylpentoside (III) was shown to be 3 : 4-dimethyl methylxyloside by the following experi- 

mental facts. On hydrolysis with 0-1N sulphuric acid a syrupy dimethyl pentose (V) was formed which was 
converted to the crystalline lactone (VI) by oxidation with bromine. The relatively rapid rate of mutarotation 
of this lactone as compared with the lactones of the xylose series suggested that this is also a 8-lactone, in which 
case the OH at position 4 is probably blocked by a methyl residue. This view was confirmed by methylation 
with methyl iodide and silver oxide wher there was obtained the characteristic crystalline 2 : 3 : 4-trimethyl 
§-xylonolactone (VII). It follows therefore that the two methyl groups of (III) could be present in positions 
2and 3,3and4,or2and4. A distinction between these possibilities was afforded by the fact that the dimethyl 
lactone (VI) formed an amide (VIII) which was shown to contain a free hydroxy group at C, since it gave the 
positive Weerman test for «-hydroxyamides (Rec. Trav. Chim., 1917, 36, 16). The methyl groups of (III) must 
therefore occupy positions 3 and 4. 

It is to be noted that a 3: 4-dimethyl derivative of xylose has been found in the mixture of sugars obtained 
by hydrolysis of the methylated mucilage of Plantago lanceolata (Mullan and Percival, J., 1940, 1501). These 
authors isolated a crystalline 3 : 4-dimethyl xylonolactone, m. p. 67°, which showed a rotation of + 41° changing 
in 6 hours to +31°. The crystalline lactone we have encountered shows m. p. 68°, [a], —56° changing in 65 
hours to —27°. In comparison, it has been observed that 2: 3: 4-trimethyl 3-d-xylonolactone shows [a], 
—4° mutarotating, as does our lactone, in a positive direction, the equilibrium value of +21° being reached in 
8 days (Haworth and Westgarth, J., 1926, 682). Weare not certain yet whether the 3 : 4-dimethyl xylono- 
lactone obtained during these investigations is a member of the d- or /-series but the problem will be settled by a 
synthesis, now in progress, of this compound. ‘ 

The dimethyl ester (IV) proved to be the methyl ester of 2 : 3-dimethyl methylgalacturonoside since on 
treatment of it with methanolic ammonia there was formed the crystalline amide (IX) of 2: 3-dimethyl 
$-methylgalactofururonoside previously obtained from methylated pectic acid (Luckett and Smith, J., 1940, 
114). Confirmation of the structure (IV) was obtained by its giving methyl ester of 2:3: 5-trimethyl 
$-methylgalactofururonoside (X) on methylation with methyl iodide and silver oxide (Luckett and Smith, loc. 
cit.). Furthermore, oxidation of (IV) with nitric acid followed by esterification and distillation gave the 
1: 4-lactone 6-methyl ester of 2 : 3-dimethyl mucic acid (XI). 

The constitution of the monomethyl methylgalacturonoside which crystallised in the high boiling ester 

fractions has not been completely elucidated but it is clear that this monomethyl derivative of galac- 
turonic acid is a derivative of -methylgalactopyruronoside. This is deduced from the fact that methylation 
with methyl iodide and silver oxide of the methyl ester of monomethyl methylgalacturonoside afforded the 
crystalline methyl ester of 2: 3: 4-trimethyl 6-methylgalactopyruronoside the structure of which has been 
established by synthesis from galactose (Luckett and Smith, J., 1940, 1506). 
The complexity of the hydrolytic mixture and the difficulty experienced in the separation of the constituents 
of the mixture do not allow an exact estimation of the relative amounts of glycosides and esters to be made. 
Although the experimental facts given above do not lead to a particular structural solution they do afford for 
the first time proof of the nature and mode of linkage of some of the constituent units of tragacanthic acid. 

Since the tragacanthic acid had been subjected to repeated methylation it follows that the free hydroxyl 
froups of the cleayage products must represent the mutual points of attachment of these residues. Thus 
2:3: 4-trimethyl methylfucoside (I) and 2:3: 4-trimethyl methylxyloside (II) must arise from terminal 
residues in the complex molecule of methylated tragacanthic acid; such units as (I) and (II) must therefore 
be linked to the main structure through their reducing groups. The 3: 4-dimethyl methylxyloside (III) is 
derived from units of xylose which are interposed between two other residues and moreover this 3 : 4-dimethyl 
derivative can only be produced from units of xylose possessing a six atom ring and joined to other residues in 
he complex through positions 1 and 2. Similarly, the 2 : 3-dimethyl methylgalacturonoside (IV) is produced 
Hom a uronic acid residue to which two other units are attached while the methyl ester of the galacturonoside 
formed from an acid unit to which three other residues are linked. The esters are present in the hydrolytic 
mixture in furanose and pyranose forms but on account of the high positive rotation of the unhydrolysed poly- 
saccharide it is believed that in the latter they all have pyranose structures and are linked to other residues 
trough positions 1 and 4 as in the case of pectic acid (Luckett and Smith, Joc. cit.; Beaven, Hirst, and Jones, 
J 1939, 1865). Furthermore the demonstration of the presence of a relatively large proportion of xylose 
id fucose units, which constitute terminal residues, together with the isolation of a monomethyl methyl- 
palacturonoside clearly indicates the branched chain character of the molecular complex as in arabic acid 


ro. J., 1939, 1724). It is also of interest that this is one of the few gums shown to contain galacturonic 
residues. 
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EXPERIMENTAL. 


Properties of Gum Tragacanth.—The gum, as supplied commercially, is a white powder which shows an acid reaction 
tolitmus. The crude material contains 3—8% OMe. A small sample of the gum was warmed with potassium hydroxide 
solution, the solution was acidified with acetic acid and poured into excess alcohol to precipitate the gum. The product, 
separated by means of the centrifuge, was washed and dried (Found: OMe, 4-6%). ' 

A sample of the gum was freed from inorganic material by three precipitations from aqueous hydrochloric acid solution 
with alcohol. Two further precipitations from aqueous alcohol served to remove mineral acid and the purified gum was 
dried (Found: Equiv., 442). i 

Fractionation of Gum Tragacanth—The gum (10 g.) was shaken with water (700 c.c.) and potassium hydroxide 
(30 c.c. of a 60% solution) for 20 hours. The viscous colourless solution was centrifuged to remove a small amount of 
insoluble material, acidified with glacial acetic acid and poured into excess alcohol. The precipitate was redissolved in 
water, acidified with dilute hydrochloric acid and again poured into alcohol. Purification was effected by repeated 
precipitation of an aqueous solution of the gum with alcohol. The material was then dissolved in water (1 1.) and alcohol 
was added to give a precipitate, A, which was separated on the centrifuge. The supernatant aqueous alcoholic solution 
was poured into alcohol and the precipitated gum (fraction B) removed and dried, 1-71 g., [a}}f* +30° (c, 0-7). Re. 
fractionation of the precipitate, A, in the same way gave a precipitate, A,, 3-3 g., [a}}® +107° (c, 0-6) and an aqueous 
alcoholic solution which yielded A, [0-92 g., [a]}§*. +60-0° (c, 0-7)] on addition of excess alcohol. The specific rotations 
were observed in 0-1N NaOH and indicated that the gum is a mixture. 

Methylation of Gum Tragacanth—Commercial gum tragacanth (120 g.) was methylated in portions of 20 g. by dis. 
solving each portion of the material in sodium hydroxide (450 c.c. of a 30% solution) followed by the gradual addition of 
methyl sulphate (150 c.c.) over 6 hours at room temperature with vigorous stirring. The stirring was continued fora 
further 4 hours after the addition of all the methyl sulphate. The solution was cooled in an ice bath, neutralised with 
dilute sulphuric acid, then dialysed against a continuous stream of tap-water to remove the sodium hydroxide and 
evaporated under reduced pressure to obtain the partially methylated compound which was subjected to a further 
methylation at 35°. For this second treatment with methyl sulphate the material from 30 g. of the gum was treated 
with sodium hydroxide (300 c.c. of 30% solution) and methyl sulphate (100 c.c.). After the second methylation part 
of the methylated gum separated with some sodium sulphate on acidification of the reaction mixture.. The solid was 
filtered off and the partly methylated gum extracted with 95% alcohol while the filtrate was subjected to dialysis at 40°. 
The dialysed solution and alcoholic extract were combined, neutralised with sodium hydroxide solution and concentrated 
to a small volume under reduced pressure. Four further methylations were applied, using the method described for the 
—— methylation. In all these methylations, acetone was added as required to keep the methylated material in 
solution. 

Separation of methylated gum into fractions A, B, and C. The crude methylated product from gum tragacanth (12 
g.) was treated with aqueous acetone (90%) to remove sodium sulphate. The latter was separated and the neutral 
aqueous acetone solution evaporated to dryness. Extraction of the residue with hot water left a hot water insoluble 
material, B. During the dialysis of the hot water extract to remove sodium sulphate there separated a light brown 
precipitate, C, which was removed on the centrifuge. The solution from which C had been separated was evaporated to 
dryness under diminished pressure to give fraction, A (41 g. ; [a]}§* + 89° in 50% aqueous acetone; equiv.,445; OMe, 33-69%). 
The hot water insoluble material, B, was dissolved in cold water and subjected to dialysis in the presence of dilute sul- 
phuric acid when there separated more of the material C. When all the mineral acid had passed through the membrane 
the material C was removed, combined with that previously isolated and the aqueous solution evaporated to dryness 
under reduced pressure to give fraction, B (35 g.; [a]}§° —14° in 50% aqueous acetone; equiv., 1515; OMe, 37:6%). 

Purification and Preliminary Fractionation of the Methylated Tvagacanthic Acid, A.—The acidic substance, A, dis- 
solved in alcohol was treated with a slight excess of barium hydroxide (tested with phenolphthalein). The mixture, 
after being at room temperature for several hours, was neutralised with carbon dioxide and filtered. The filtrate was 
concentrated to a small volume under reduced pressure and more barium hydroxide solution was then added. After 
keeping at room temperature for 2 hours the solution was neutralised as before and evaporated to dryness under reduced 
pressure at 50—60°. The product, a pale brown solid, consisting chiefly of the barium salt of the methylated trag- 
acanthic acid, was extracted with boiling acetone. Evaporation of the extract gave a negligible amount of syrupy material 
which was rejected. 

The free acidic compound, A, was liberated from the barium salt in the following way. The barium salt was dissolved 
in the minimum amount of water and a slight excess of oxalic acid (calculated from the equiv. of A) was added. The 
precipitated barium oxalate was filtered off and the filtrate evaporated to dryness under reduced pressure at 40°. The 
residue was taken up in absolute alcohol. A small amount of insoluble material (2°8 g.) was removed by means of the 
centrifuge. It contained barium and was probably undecomposed barium salt. The addition of ether to the alcoholic 
solution caused the precipitation of fraction A, (21-3 g.), which was removed on the centrifuge and dried. The solution 
was evaporated under reduced pressure and the residue dissolved in the minimum amount of alcohol. On the addition 
of ether, fraction A, (5-0 g.) was precipitated. The solution was decanted and treated with light petroleum to give 
A; (5-9 g.). The mother liquor was evaporated to dryness under reduced pressure at 50° and the residue was dissolved 
in water and dialysed until free from oxalate. After removal of the solvent only a negligible amount of material remained. 

Fractionation of the Methylated Polysaccharide B.—The substance B was extracted with-chloroform, the insoluble 
material constituting B,. Fractions B, and B, were successively precipitated from the chloroform solution by the 
gradual addition of ligroin and fraction, B,, was obtained by evaporation of the chloroform-ligroin mother liquors. The 
properties of these fractions are given in Table I. 


TABLE I. 


Fraction. fe. OMe, %. [a]}f’in H,O. Ash, %. Equiv. 
ESR TS Seep eee ; 23-1 ii 8-7 -- 

Ls a dag uc tds Ses Uhbnds oes css sdesa / 31-1 +19 420 
TRE Sona enNpIE , 31-2 —26 2390 
EY SE RY: . 44-4 — 86 . 6890 


Each of the fractions B,, B;, and B, was treated with barium hydroxide in the manner described for the material, 4 
From the barium salt of B, there was extracted 0-7 g. of acetone-soluble material corresponding to B. The residual 
barium salt was converted to the free acid by treatment with oxalic acid to give fraction, A,, of tragacanthic acid. yew 
ment of B, with barium hydroxide gave 20-1 g. of the acetone-soluble neytral polysaccharide material, B. The —_ 
residual amount of barium salt was examined later. Fraction, B,, was completely soluble in acetone after treatment wi" 


barium hydroxide; its high methoxyl content and syrupy nature indicated that it was partly degraded material and it 
was not further examined. 
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Finally, the barium salt from B, (see above) and the undecomposed barium salt from A were combined with fraction, 
B,, and with 4-9 g. of material obtained from a trial methylation and fractionation. The combined materials were: 
dissolved in water and subjected to treatment with barium hydroxide in the manner previously described. A negligible 
amount of material was extracted with acetone from the barium salt so formed. Decomposition of the latter with oxalic 
acid gave a solid which was extracted with alcohol. The addition of light petroleum to the alcoholic solution gave 
fraction, A;. Evaporation of the mother liquor gave a residue which was dissolved in water freed from oxalate by 
dialysis. Evaporation of the solution gave fraction A,, consisting of incompletely methylated material (see Table IT), 
and was not examined further. The properties of the fractions of the tragacanthic acid, A, are givenin Table II. The 
properties of the neutral methylated substance, B, are described in Part III of this series. 

Fractionation of A,.—Fraction, A,, was extracted with 50% alcoholic acetone (200 c.c.). The insoluble material was 
separated and dried giving fraction, a,. The addition of ligroin to the solution gave fraction, a,, while evaporation of 
the mother liquor furnished fraction, a,. The properties of the fractions are set out in Table IT. 


TaBLeE II. 
[a]}®* in 50% 
OMe, %. aqueous acetone. Equiv. 
31-2 +103° 565 
33-3 +101 545 
33-6 + 83 470 
34:3 + 86 . 420 
35°7 + 55 490 
— + 83 430 
31-3 +115 430 
28-8 — 770 
piles wha cinn aiden sik i laincmcd coe 33-4 + 70 495 
ee ; . 32-0 + 83 450 


(Fractions A, and A, were obtained from a preliminary methylation of a small sample of the gum and separated in the 
manner described above.) 


Fraction. 


= 
ct 
a 


a howSoowe: 


The Methyl Ester of Methylated Tragacanthic Acid.—(i) A solution of fraction A, (4-7 g.) in the minimum amount 
of methanol was boiled with methyl iodide (20 c.c.) in the presence of silver oxide (1 g.). Further additions of silver 
oxide (1 g.) were made at hourly intervals over six hours. The product, isolated by extraction with methanol, was given 
a second treatment with methyl iodide and silver oxide in the presence of a little methanol. In this way a substance 
completely soluble in methyl iodide was obtained. A third treatment of the substance with methyl iodide and silver 
oxide served to complete the methylation and there was obtained the methyl ester of methylated tragacanthic acid 
(37 g.; OMe, 38-0%). (ii) Fractions, a, and A,, were combined and dissolved in dry methyl alcohol. Esterification’ 
was efiected by the addition of an ethereal solution of diazomethane. The neutral solution was evaporated to dryness 
and the residue subjected to three methylations with methyl iodide and silver oxide. The fully methylated product 
(11-63 g.) had OMe, 40-0%. ' ° 

Hydrolysis of the Methyl Ester of Methylated Tragacanthic Acid.—(I) In a preliminary hydrolysis the material (3-7 g.) 
from esterification (i) was boiled for 8 hours with methanol (115 c.c.) containing 3% dry hydrogen chloride. The solution 
was neutralised with silver carbonate and filtered, the residue being repeatedly washed with boiling methanol. The 
combined washings and filtrate were evaporated under reduced pressure and a viscous syrup remained. This was 
dissolved in water and heated for 1} hours at 50° with three times the theoretical amount of barium hydroxide solution. 
Excess alkali was neutralised with carbon dioxide and the solution filtered after the addition of charcoal, the residue 
being well washed with hot water. Evaporation of the filtrate gave a yellow solid consisting of a mixture of methylated 
glycosides and the barium salts of the methylated galacturonosides. The former were removed by exhaustive extraction 
with ether; evaporation of the extract gave a colourless mobile syrup, D (0-56 g.). The residual barium salt amounted 
to 3-0 g. (Found: OMe, 19-8; Ba, 17-8%). Distillation of the methylated glycosides, D, gave fractions D, (0-22 g.), 
b. p. (bath temp.) 90—92°/0-01 mm., nlf” 1-4440, and D, (0-19 g.), b. p. (bath temp.) 117—120°/0-01 mm., nj” 1-4545, 
OMe, 480%. Fraction D, crystallised spontaneously. The crystals of trimethyl a-methyl-l-fucoside were separated by 
trituration with ligroin and, after recrystallisation from the same solvent, had m. p. 85—92° (Found: OMe, 55-8. 
CypHyO,; requires OMe, 56-3%). 

Examination of the Barium Salt.—The yellow solid (3-0 g.) was converted to the methyl ester by boiling with dry 
methanol containing 1% hydrogen chloride for 6 hours. The precipitated barium chloride was separated from the 
cooled solution; the filtrate was neutralised with silver carbonate and filteyed, the residue being repeatedly washed with 
hot methanol. Evaporation of the filtrate and washings gave a dark brown syrup which was dissolved in acetone. The 
addition of ether to the solution served to remove the inorganic impurities as a flocculent precipitate which was separated. 
Evaporation of the filtrate gave a clear yellow syrup which was distilled giving fractions, D, (0-47 g.), b. p. 150—161°/0-06 
mm., n}*" 1-4550, OMe, 48-6%, equiv., 300; D, (0-31 g.), b. p. 161—185°/0-06 mm., n}j*" 1-4740, OMe, 40-0%, equiv., 
260; D, (0-47 g.), b. p. 270—300°/0-06 mm., OMe, 37:1%, equiv., 210. Fraction, D,, crystallised slowly. The crystals 
of a monomethyl methylgalacturonoside were separated by trituration with ether and alcohol and, after recrystallisation 
from a mixture of ether, ligroin and alcohol, had m. p- 159°. . : 

(II) Hydrolysis was effected by boiling the material (11-6 g. from esterification, ii) for 12 hours with 3% methanolic 
hydrogen chloride (200 c.c.). The solution was neutralised with silver carbonate, filtered and concentrated at atmospheric 
Pressure to avoid loss of fully methylated pentosides. Distillation of the liquid gave fractions, E,—E,. The “ still ”’ 
Tesidue was further hydrolysed by heating in a sealed tube with dry methanol (50 c.c.) containing 2% dry hydrogen 
chloride. The product was isolated in the manner previously described and distilled giving fractions, E,—E,. The 
undistillable residue (0-9 g.), carbonaceous material, was rejected. 


Fraction. Wt.,g.  B.p. (bath temp.). Pressure, mm. nif’. 
Lillian tlie blasts taScisitaas . 94—96° 1-4435 
126—130 . 1-4462 
197—205 . 1-4570—1-4658 
132—155 . 1-4538—1-4570 
160—225 . 1-4670—1-4690 
225—270 . sina 
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Hydrolysis of Methylated Tragacanthic Acid at 114°.—Fractions, A, and A,, were combined (5-0 g.) and heated in , & latter 
sealed tube at 114° with dry methanol (50 c.c.) containing 2% dry hydrogen chloride. The products of hydrolytic J dicar 
cleavage isolated as described above were distilled giving fractions, F ,—F,. . 7 
nosia 
B. p. (bath temp.) ‘ esters 

at 0-04 mm. ni". OMe, %. Equiv. esters 

90— 94° 1-4413 — with « 
94—107 1-4500 — ether 
107—130 - — Owin 
150—160 1-4560 47-0 recon 
177—200 1-4620 38-3 260 and n 
Above 200 _ 38-9 290 


Fraction. 


The undistillable residue (0-45 g.), charred material, was discarded. 

Examination of the Methylated Glycosides.—I solation of 2 : 3 : 4-trimethyl a-methyl-1-fucoside (I). The crystals formed 
in fractions E,, E,, F, and F, were separated by trituration at 0° with ligroin and recrystallised from the same solvent, 
This substance was 2 : 3 ; 4-trimethyl a-methyl-1-fucoside, m. p. 85—92° alone and in admixture with a synthetic specimen 
(see Part II), [a]}¥° —188° in water (c, 0-5) (Found: C, 54-1; H, 9-1; OMe, 55-8. Cy gH  O, requires C, 54:5; H, 9-2: 


OMe, 56-3%). The ¢ 
Fractionation of the remaining glycosides. After separation of the crystals of (I) from fractions, E,, E,, F, and F, still i 
removal of the solvent from the combined mother liquors afforded a liquid (3-3 g.) which upon fractional distillation ; Py 
gave :— with 1 
B. p. (bath temp.) (b) (0 

Fraction. Wt., g. at 0-04 mm, nt". OMe, %. ester 

iP sddamanpaasberiieces svevs chnietie 1-44 90—105° 1-4405 * 55-9 ome 

Bs dndalevsokinitighd, dunk odwnagnilcvensse 0:44 105—120 1-4483 51-4 7 

Dy quatedtadasiisbassbi0<bphle das Bos tes 0-42 Above 120 1-4517 47-01 de 

MENIIIT. -ciariuinioninc etrenesinstbsnn 0-50 — 

and 1 

Crystals of 2 : 3 : 4-trimethyl a-methyl-/-fucoside separated in fraction H and were removed by trituration. The remaia- with j 
ing syrup was combined with fraction, G, and distilled. Cull 
B. p. (bath temp.) at 50° 

Fraction. Wt., g. at 0-04 mm. nig’. OMe, %. of the 

WE cet See di aka, aD 83— 85° 1-4413 57-0 . bariu 

RS ELE Bd 100—105 1-4470 - — filtere 

NS to edincsso paces repens’ Oe — 1-4503 52-4 2 

Fraction L crystallised completely. After recrystallisation from ligroin, the trimethyl a-methyl-/-fucopyranoside had J methy 
m. p. 85—92°. (39 g 


Isolation of 2 : 3 : 4-Trimethyl d-Xylose@ (II).—When a solution of fraction K (0-88 g.) in 0-1n sulphuric acid (50 c.c) i The s 
was heated on the boiling water bath for 2 hours no change in rotation was observed. The concentration of mineral 9 (30 g 
acid was then increased to In, and the hydrolysis continued. After 5 hours, when the rotation (initial value +11°) 
had reached a steady value (— 14°), the solution was neutralised with barium carbonate, filtered and evaporated to dryness 
under reduced pressure. Extraction of the residue with ether gave a syrup (0-63 g.) which crystallised upon inoculation 
with 2 : 3: 4-trimethyl d-xylose. Trituration with ligroin-ether followed by crystallisation from the same mixture gave 
2: 3: 4-trimethyl d-xylose (0-1 g.), m. p. and mixed m. p. 86—87°, [a]}% +17-5° (equilibrium value in water; c, 3+) 

(Found : OMe, 47-9. Calc. for C,H,,0,: OMe, 48-4%). i 

After removal of the trimethy] xylose a small portion of the syrup from the mother liquors was treated with aniline Treat 
in boiling ethyl alcohol. No crystalline anilide could be obtained. galact 

Oxidation with bromine. The syrup (0-40 g.) was dissolved in water and treated with bromine (1 c.c.) at room temper- ethyl 
ature for 40 hours. The bromine was removed by aeration and the non-reducing solution neutralised with silver car- HJ GH), 
bonate and filtered before and after passing in hydrogen sulphide. The clear solution was evaporated under reduced 
pressure at 40° and the syrupy residue heated at 100° under reduced pressure for 1 hour to effect lactonisation. The methy 
product (0-3 g.), Pi rified by extraction with ether, gave, on distillation, a colourless liquid, b. p. 120° (bath temp.) /0-02 Hi Mocul 
mm. The distillate crystallised on nucleation with 2 : 3 : 4-trimethyl 6-xylonolactone and after recrystallisation from #™m Previc 
ether—ligroin the crystals had m. p. 55° alone and on admixture with an authentic specimen. The remaining syrup ™ 
water had [a]p —16° (initial value), —8° (after 1 hr.), —5° (2 hrs.), —5° (8 hrs.), +1-2° (66 hrs.), +2° (90 brs.), +5 BM \ ° 
ie ars this seemed to indicate that the product was a mixture. No crystalline amiide or phenylhydrazide was pra 
obtained. : 

Identification of 3 : 4-Dimethyl Methylxyloside (III)—When a solution of fraction J (0-41 g.) in 0-1N sulphuric acid ised 
(50 c.c.) was heated on the boiling water bath it had [a]p +31° (initial value), +28° (after 1 hr.), 4+25° (2 hrs.), ++ ; Ww 
(3-3 hrs.); +19° (4-6 hrs.), +18° (5-6 hrs.), +16° (6-6 hrs.). After a further } hour, the concentration of acid was colour 
increased to 1n and the hydrolysis continued. The solution then had [a]p +12° (initial value), +4° (after 0°5 hr.), 00 meth) 
(2 hrs.), —3° (2-5 hrs.) (constant value). The solution was neutralised with barium carbonate and the free dimethyl 
sugar (0-30 g.) isolated by the usual procedure (Found: OMe, 34-4. C,H,,0, requires OMe, 34-8%). ; ; D 

3 : 4-Dimethyl Xylonolactone (V1).—The dimethyl sugar (0-30 g.) was treated in aqueous solution (15 c.c.) with brome a an 
at room temperature for 40 hours and then no longer reduced Fehling’s solution. The lactone (0-22 g.), isolated iP 
in the usual way, gave, on distillation, a colourless liquid, b. p. (bath temp.) 130°/0-008 mm., n}¥* 1-4670, which crystallised M 
spontaneously. The crystals of 3: 4-dimethyl 8-xvlonolactone after recrystallisation from ether had m. p. 68°, [olf Ps, 

— 56° (initial value in water; c, 1-0), —54° (after 2 hrs.), —45° (19 hrs.), —43° (24 hrs.), —36° (43 hrs.), —27° (65 brs; Bt 
constant value) (Found: OMe, 35:1. C,H,,0, requires OMe, 35-2%). et 

One treatment of the crystalline lactone (10 mg.) with silver oxide (0-1 g.) and methyl iodide (2—3 c.c.) gave ® bia 
crystalline product which after recrystallisation from ether-ligroin had m. p. 56° alone and on admixture with an authentic € 
specimen of 2 ; 3 : 4-trimethyl d-8-xylonolactone. hol fa Was d 

The Amide of 3:4-Xylonic Acid (VIII).—3 : 4-Dimethyl xylonolactone (10 mg.) was dissolved in dry methy] alcoho 
and the solution, after saturation with ammonia at 0°, was treated at 0° for 24 hours. Removal of solvent by evaporation ri 
in vacuo gave the amide as a syrup. The syrupy amide was dissolved in water (0-2 c.c.) and a solution of sodium hye slight 
chlorite (0-03 c.c.; 1-5n) added. The mixture was kept at 0° for } hour. The excess hypochlorite was destroyed 9 
the addition of one drop of a solution of sodium thiosulphate. Addition of sodium acetate to the solution, until 
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latter became alkaline, followed by semicarbazide hydrochloride gave, within one minute, a white precipitate of hydrazo- 
dicarbonamide, m. p. and mixed m. p. 256° (decomp.); yield, based on the lactone, almost quantitative (Weerman test). 

Examination of the Methyl Esters of the Methylated Galacturonosides.—-l dentification of 2 : 3-dimethyl B-methylgalacturo- 
noside. The properties of fractions F,, F,, and F, (see table) indicated that they were composed of partly: methylated 
esters and a small amount of methylated glycosides. An attempt to remove the latter was carried out as follows. The 
esters were digested with a slight excess of barium hydroxide solution at 50° for 1 hour and then the solution was neutralised 
with carbon dioxide, filtered and evaporated under reduced pressure. The residue was repeatedly extracted with boiling 
ether to remove the partly methylated glycosides. The ethereal extract yielded a viscous syrup (0-17 g.) on evaporation. 
Owing to the insolubility of the methyl glycosides in ether, this method failed and, therefore, the barium salts were 
reconverted into methyl esters by boiling for 10 hours with 1% methanolic hydrogen chloride. The mixture of esters 
and methylated glycosides, isolated in the usual way, gave on distillation :— 


B. p. (bath temp.) 
Fraction. Wt., g. at 0-02 mm. ni’. OMe, %. Equiv. 
OIDs" bidundcqenes qhbuditiedethoaions 0-72 160—163° 1-4560 47-4 410 
SEIN: ist shed oltanine ops budabedairiies bés 0-71 187—194 1-4690 41-6 250 
UE evi cehiatevdbtrese shoes 0-19 Above 194 1-4730 38-2 245 


The squiveaes weight of fraction (i) showed that the separation of methylated glycosides from the ester fraction was 
still incomplete. 

2:3: 5-Trimethyl Methylgalactofururonoside (X).—Fractions (i), (ii), and (iii) were combined and methylated twice 
with methyl iodide and distilled, giving fraction (a) (C-5 g.), b. p. 123° (bath temp.)/0-02 mm., n}j" 1-4422, and fraction 
(b) (0°5 g.), b. p. 133—135° (bath temp.) /0-02 mm., }¥* 1-4475. Fraction (b) crystallised on inoculation with the methyl 
ester of 2: 3: 5-trimethyl 8-methylgalactofururonoside. The crystals were separated on porous porcelain and, after 
recrystallisation from ligroin had m. p. 41—42° alone and on admixture witha synthetic specimen, and [a]}§° — 123° in 
methanol (c, 1-0). 

Treatment of fraction (a) with methanolic ammonia at 0° for 24 hours followed py evaporation of the solvent gave the 
amide of 2: 3: 5-trimethyl 8-methylgalactofururonoside. This was separated by trituration with a mixture of ether 
and ligroin and, after recrystallisation from ether-—alcohol-—ligroin, the amide had m. p. 105° alone and in admixture 
with a synthetic specimen, and [a]p —144° in water (c, 1-0) (Found: C, 48-1; H, 7-4; N, 55; OMe, 49-0. Calc. for 
CyH,,O,N : C, 48-2; H, 7-6; N, 5-6; OMe, 49-8%). 

The Amide of 2: 3-Dimethyl B-Methylgalacturonoside.—Fractions E,, E,, and E, were combined (3-9 g.) and digested 
at 50° with slight excess of barium hydroxide (tested with phenolphthalein) and the barium salts formed by neutralisation 
of the solution with carbon dioxide followed by filtration and removal of the solvent under reduced pressure. These 
barium salts of the partly methylated galacturonosides were extracted with the minimum amount of dry methanol and 
filtered to remove the small amount of barium carbonate. A mixture of ether and ligroin was gradually added to the 
methanolic solution of the barium salts until no further precipitate was formed. The barium salts were separated on 
the centrifuge and repeatedly washed with ether containing a little alcohol in order to remove the last traces of the 
methylated glycosides. This operation served to remove a small quantity of methylated glycoside. The barium salts 
(39 g.) were dried and converted into the methyl esters by boiling for 6 hours with 1% methanolic hydrogen chloride. 
The solution was neutralised with silver carbonate, filtered and evaporated under diminished pressure to give a syrup 
(3-0 g.) which upon distillation gave :— ' 

B. p. (bath temp.) 

Fraction. s @ at 0-04 mm. Np. OMe, %. Equiv. 
Sig < Nipt eg dbadehehacesctisape sone ° 140—145° 1-4540 51-8 235 
Bo os - ak slain litn 9406s coscsevedess . 145—151 1-4535—1-4596 47-5 255 
Mean : Sulsiihd 454 erdeinasenrcove , Above 160 1-4590 -- 270 


Treatment of fraction E, with methanolic ammonia (0-06 g.) gave the crystalline amide (IX) of 2 : 3-dimethyl £-methyl- 
galactofururonoside. The crystals were separated by trituration with alcohol and ether, and after récrystallisation from 
ethyl acetate had m. p. and mixed m. p. 122°, [a]}¢° — 146° in water (c, 1-2) (Found: C, 46-5; H, 6-8; N, 6-5. Calc. for 
C,H,,0,N: C, 46-0; H, 7-3; N, 6-0%). 

Two methylations of fraction E,, with methyl iodide and silver oxide gave the methyl ester of 2 : 3 : 5-trimethyl 

methylgalactofururonoside (0-31 g.), b. p. 120—125° (bath temp.) /0-03 mm., 3%” 1-4430—1-4475, which crystallised on 
inoculation with the crystalline methyl ester of 2:3: 5-trimethyl f-methylgalactofururonoside. After separation as 
previously described, the crystals of (X) had m. p. and mixed m. p. 42—43°, [a}}§° —117° in water (c, 2-0). 
_ 2:3-Dimethyl Mucic Lactone Methy! Ester (X1).—Fraction E, (0-28 g.) was heated with concentrated nitric acid 
(5 c.c.) at 50° for $ hour and then at 70—80° for 2 hours. The solution*was diluted with water and distilled under 
diminished pressure, fresh additions of water being made from time to time until most of the nitric acid had been elimin- 
ated; the last traces were removed by the simultaneous addition and distillation of methanol. The syrup thus obtained 
was dried and esterified by boiling for 6 hours with 1% methanolic hydrogen chloride (20c.c.). The solution was neutral- 
sed with silver carbonate, filtered and evaporated under reduced pressure to give a syrup (0-12 g.) which distilled as a 
colourless liquid, b. p. (bath temp.) 150°/0-02 mm. The distillate crystallised completely on inoculation with 2 : 3-di- 
methyl mucic lactone methyl ester and, after recrystallisation from ether, the crystals had m. p. and mixed m. p. 91°, 
[a]f" —56° in water (c, 1-0). . 

Isolation of the Methyl Ester of a Monomethyl Methylgalactopyruronoside.—The crystalline material formed in fractions 
D, and E, was separated by trituration with alcohol-ether and after recrystallisation from alcohol-ether-ligroin had 
Ole, acy [a]}®” —36° in water (c, 1-2) (Found: C, 46-0; H, 7-0; OMe, 37-6. C,H,,0, requires C, 45-7; H, 6°8; 

e, 39-4%), 

Methylation of the crystalline methyl ester of monomethyl methylgalactopyruronoside (17 mg.) gave the methyl 
ester of 2:3: 4-trimethyl f-methylgalactopyruronoside, m. p. 96—99°, [a]}#’ —16° in methanol (c, 1:5) (after one 
Tecrystallisation from ether-ligroin). It gave no depression of the m. p. when mixed with an authentic specimen of the 
re bm of 2: 3; 4-trimethyl £-methylgalactopyruronoside. The constituents of fraction E,, E,, and E,, remain to 

entified. 

The Constituent, C, of Gum Tragacanth.—This material, which separated during the dialysis of the methylated gum, 
Was dried and dissolved in acetone. The solution was poured into ligroin and the precipitated brown amorphous mass 
Separated. Evaporation of the mother liquor under reduced pressure gave a glassy residue (5 g.; OMe, 20-7%). To 
this was added 6-5 g. of a similar product from a previous methylation and the combined material was treated with a 
slight excess of barium hydroxide (tested with phenolphthalein) at 50° for 10 minutes. The solution was neutralised 
with carbon dioxide and filtered after the addition of charcoal. The filtrate was evaporated under reduced pressure 
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and the residue extracted with a 50% mixture of acetone and ether. Evaporation of the extract gave a brown glassy 
residue, [a]}f° —40° in aqueous acetone, OMe, 32:0%. Two treatments with Purdie’s reagents gave a product having 
OMe, 33-7%, 

The material was dissolved in acetone (15 c.c.) and ether (20 c.c.) was added followed by ligroin (400 c.c.). The 
_— was pe from the precipitated syrup (C,) and freed from solvent giving a pale yellow glassy solid, (C,) (3-4 g,. 

e, 33-9%). 

H wdrolns of fraction, C,. Whena solution of C, in 3% methanolic hydrogen chloride was boiled the rotation changed 
from —16° to —14° reaching a constant value in 3} hours. The solution was neutralised with silver carbonate and 
filtered. Evaporation of the filtrate gave a syrup (2-9 g.) which upon distillation gave: fraction (i), a mobile liquid 
(1-4 g.), b. p. (bath temp.) 113°/0-03 mm., nj" 1-4445; fraction (ii), a clear viscous liquid setting to a hard glass, b. p, 
(bath temp.) 300°/0-03 mm., [a]}§° +-25° in ethyl alcohol (c, 0-7) (Found : OMe, 7°8%). No decomposition was observed, 
' Examination of fraction (i). The mobile syrup (0-47 g.) was twice methylated with methyl iodide and silver oxide 
and distilled, b. p. (bath temp.) 93°/0-004 mm., n}%* 1-4380, [a]}§" +36° in water (Found : OMe, 55-9. Calc. for C,,H,,0, 
(trimethyl methylmethylpentoside) : OMe, 56-3%). A solution of this syrup (0-26 g.) in 0-1n sulphuric acid (20 c.c} 
was heated on the boiling water bath and showed [a]p +28° (initial value); +21° (after 4 hour); + 17° (1 hr.) (constant 
value). No change in rotation was observed when the acid concentration was increased to 1n and the solution heated 
on the boiling water bath. The free sugar isolated in the usual way (0-15 g.) had [a}}§’ +11° in alcohol (c, 3-0) (Found: 
OMe, 42-0. Calc. for a trimethyl methylpentose C,H,,0, : OMe, 45-1%). i ; 

Examination of fraction (ii). One treatment of a portion of fraction (ii) with methyl iodide and silver oxide gavea 
glassy solid (Found : OMe, 11-1%). This material (0-2 g.) was not affected by treatment with 2% methanolic hydrogen 
chloride at 114°. Fraction (ii) did not give a Molisch test for carbohydrates. With concentrated sulphuric acid it gave 
a red colour and no charring was observed. It did not react with concentrated nitric acid. The material did not 
decolourise a solution of bromine in carbon tetrachloride and it showed no selective absorption in the ultra-violet region of 
the spectrum (examined in a concentration of 14mg. %inethanol). It is possible that this material is of a steroid nature 
(Found: C, 73-2; H, 93%; M, by depression of the m. p. of camphor using K = 50, 680). 


The authors thank Professor W. N. Haworth, F.R.S., for his interest in this work. 


A. E. Hitts LABORATORIES, THE UNIVERSITY, EDGBASTON, BIRMINGHAM. [Received, July 2nd, 1945.] 
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]-Fucose. 
By Sypir P. James and F. SMITH. 


The fully methylated methyl pentose obtained from methylated tragacanthic acid (preceding paper) has 
been shown to be 2 : 3 : 4-trimethyl a-methyl-/-fucoside (I). Methylation of a-methyl-/-fucoside (III) gives (I) 
which upon hydrolysis affords 2:3: 4-trimethyl /-fucose (IV) characterised as the crystalline anilide. 
Oxidation of (IV) with bromine leads to the formation of 2 : 3 : 4-trimethyl-8-fuconolactone (V). Oxication of (1) 
with nitric acid gives trimethoxy d-araboglutaric acid (VI) identified’in the form of its crystalline bismethy]- 
amide (VII). The synthesis of 2:3: 4-trimethyl f-methyl-d-fucoside (XII) from galactose is described; 
the 2:3: 4-trimethyl d-fucose (XIII) obtained from (XII) is shown to be the enantiomorph of (IV) by the 
preparation of the corresponding anilide. 


Hypro ysis of methylated tragacanthic acid (Part I) yielded a crystalline product the analysis of which showed 
it to be a fully methylated derivative of a methyl pentose. Since the occurrence of /-fucose in gum tragacanth 
had been reported (Kraut, Ber., 1872, 4, 650) this product was believed to be a derivative of J-fucose. This 
view has been proved by the following series of experiments which has shown that (I) is 2 : 3: 4-trimethyl 
a-methyl-|-fucopyranoside. 
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When /-fucose (II) is boiled with acid methanol rapid glycoside formation ensues with the production of a 
crystalline methyl] fucoside (III) the rotation of which indicates that it is the a-form (Minsaas, Rec. Trav. Chim. 
1932, 51, 475). Complete methylation of (III) with methyl iodide and silver oxide afforded the crystalline 
trimethyl a-methyl-/-fucoside (I) which was identical with the fully methylated methylpentoside isolated from 
methylated tragacanthic acid but which appeared to have a slightly different rotation ([a] —196°). The 
glycosidic methyl group of (I) is readily eliminated by heating with dilute sulphuric acid but in the methy! 
pentose series this cannot be regarded as an indication of a furanose type of structure because methyl methyl 
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pentosides having a pyranose structure are known to undergo facile hydrolysis (Smith, J., 1939, 744). The 
trimethyl 1-fucose (IV) obtained on hydrolysis can be readily characterised in the form of its crystalline anilide. 
Qxidation of (IV) with bromine furnishes the corresponding lactone (V) an aqueous solution of which displays 
relatively rapid mutarotation thus suggesting the presence of a 8-lactone ring. Conclusive proof of the ring 
system and therefore the disposition of the methyl groups in (I) follows from the results of the oxidation of 
(I) with nitric acid. There is produced d-arabo-trimethoxyglutaric acid (VI), identified by its smooth trans- 
formation into the bis-methylamide (VII). The latter was identified by rotation, m. p. and by comparison 
with an authentic specimen (Goodyear and Haworth, /., 1927, 3136). The formation of d-arabo-trimethoxy- 
glutaric acid can only be explained if the three methyl groups are located in positions 2, 3, and 4, and accordingly 
the methylated fucoside (I) is designated 2 : 3 : 4-trimethyl «-methyl-/-fucopyranoside. 

Confirmation of the formula (I) assigned to the trimethyl methylfucoside was afforded by the following 


preparation of 2:3: 4-trimethyl B-methyl-d-fucoside by a synthetic method which leaves no doubt as to its 
structure. 
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When penta-acetyl galactose (VIII) is allowed to react with liquid hydrogen bromide at room temperature 
for about eight hours (Armstrong and Fischer, Ber., 1902, 35, 837; Haworth, Jackson, and Smith, J., 1940, 
620) the a-acetobromogalactose 6-bromohydrin (IX) is produced. Treatment of the latter with methanol in the 
presence of silver carbonate yields the corresponding 2: 3 : 4-triacetyl 8-methylgalactopyranoside 6-bromo- 
hydrin (X). The halogen group in (X) can be smoothly replaced by hydrogen by shaking an alcoholic sodium 
hydroxide solution of (X) with a Raney nickel catalyst in an atmosphere of hydrogen according to the method 
of Levene and Compton (J. Biol. Chem., 1935, 111, 325); in the same process deacetylation also proceeds 
and there results 6-methyl-d-fucopyranoside (XI) (cf. Schlubach and Wagenitz, Ber., 1932, 65, 304). Methyl- 
ation of (XI) with methyl iodide and silver oxide yields the 2: 3 : 4-trimethyl 6-methyl-d-fucopyranoside 
(XII), treatment of which with dilute sulphuric acid caused the rapid removal of the glycosidic methyl group 
and the formation of 2 : 3 : 4-trimethyl d-fucose (XIII). The compound (XIII) proved to be the enantiomorph 
of the trimethyl /-fucose (IV) as shown by the fact that the crystalline anilide of this 2 : 3 : 4-trimethyl d-fucose 
(XIII) was found to be the enantiomorph of the trimethyl /-fucose anilide. Inasmuch as this synthetic 
2:3; 4+trimethyl $-methyl-d-fucopyranoside (XII) was not the enantiomorph of the 2: 3: 4-trimethyl 
methyl-/-fucoside (I) prepared from /-fucose, it follows that the glycoside (I) is the «-form ; 

There can be no doubt therefore that the structure (I) assigned to the trimethyl methylfucoside is correct 
and that an “ end ”’ residue of /-fucose of the pyranose form is one of the constituents of tragacanthic acid. 


EXPERIMENTAL. , 


fe Preparation of a-Methyl-1-fucoside (III).—1-Fucose (0-44 g.) was boiled for 3 hours with methanol (25 c.c.) containing 
2% dry hydrogen chloride; the solution then no longer reduced Fehling’s solution. The reaction mixture was neutralised 
with silver carbonate and filtered. Evaporation of the filtrate under reduced pressure gave a syrup (0°42 g.) which 


10H, 
trime 


neutralised with barium 
sther gave the 2:3: 4-1 (1-3 g.), [a]}®* —111° in water (c, 0-4) (Found: OMe; 45-4. 
e crystalline trimethyl a-methyl-/-fucoside (0-29 g.) waseffected _ 
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with normal sulphuric acid (20 c.c.) the following change in rotation was observed: [a]p — 163° (initial value); — i49° 
(after 0-5 hrs.); —128° (1 hr.); —124° (1-25 hrs.); —121° (1-6 hrs.); —121° (2 hrs.). The free sugar (0-22 g.) was 
isolated as before. , 

2:3: 4-Trimethyl 1-Lucose Anilide.—The anhydrous, syrupy 2 : 3 : 4-trimethy] /-fucose was allowed to react for 2 hour 
with aniline (1 mol.) in boiling ethanol. On evaporation of the solvent a syrup was obtained which crystallised op 
keeping. The trimethyl fucose anilide, separated by trituration with ligroin followed by recrystallisation from ether, had 
m. p. 133—134°, [a}}¥* —77° in ethyl alcohol (c, 1-0) (equilibrium value) (Found: N, 5-1. C,,H,,;0,N requires N, 5-0%), 

2:3: 4-Trimethyl-1-fuconolactone (V).—Trimethyl fucose (0-29 g.) was dissolved in water (2 c.c.) and bromine (0-5 c.c.) 
was added. The solution was kept at room temperature for 24 hrs. after which time a portion of it had, when freed from 
bromine by aeration, no action on boiling Fehling’s solution. The bromine was removed by aeration and the solution 
neutralised with silver carbonate and filtered. The filtrate was saturated with hydrogen sulphide, a little charcoal was 
added and the silver sulphide was filtered off. The residue was washed with hot water and the combined filtrate and 
washings evaporated to dryness under reduced pressure at 40°. Extraction of the residue with ether gave 2 : 3 : 4-iri. 
methyl-3-fuconolactone (0-17 g.), b. p. (bath temp.) 110°/0-025 mm., nj} 1-4505, [a]p —138° (initial value); —91° (after 
2-25 hrs.); —70° (3-75 hrs.); —56° (5 hrs.)}; —40° (9-75 hrs.); —38° (20-75 hrs.); —36° (24 hrs.); —36° (48 hrs) 
(constant value) (Found: OMe, 44-7. C,H,,0, requires OMe, 45-6%). Treatment of a small portion of this lactone 
with methyl alcoholic ammonia gave an amide, m. p. 102—103°, [a]}>’ —35° in water (c, 0-4) (after crystallisation from 
alcohol—ether-ligroin). 

Oxidation of 2:3: 4-Trimethyl a-Methyl-|-fucopyranoside with Nitric Acid.—The crystalline material (0-20 g.) was 
heated with concentrated nitric acid (2-5 c.c.) for $ hour at 50° and then, after the initial vigorous reaction had ceased, 
for 2 hrs. at 70—80°. The solution was diluted with water and distilled under diminished pressure, fresh addition of 
water and finally of methanol being made until all the nitric acid had been eliminated. The product, trimethoxy- 
d-araboglutaric acid was converted to the ester by boiling for 6 hours with 1% methanolic hydrogen chloride (20 c.c.), 
The solution was neutralised with silver carbonate, filtered, and evaporated to dryness under reduced pressure. Extrac- 
tion of the syrupy residue with ether gave methyl trimethoxy-d-araboglutarate as a colourless mobile liquid, b. p. (bath 
temp.) 105°/0-06 mm., n}8° 1-4330; [a]l?* —31° in water (c, 1-7), [a]}®° —40° in methyl alcohol (c, 1-0) (Found: equiv., 137. 
Calc. for CjsH,,0,: equiv., 125). 

d-Avabo-trimethoxyglutaric Acid Bismethylamide.—Treatment of methyl trimethoxy d-arabo-glutarate (0-045 ¢) 
with a methanolic solution of methylamine for 48 hours at room temperature followed by evaporation of the solvent 
under reduced pressure in a desiccator gave the bismethylamide. Trimethoxy d-arabo-glutaric acid bismethylamide 
had m. p. 171—172° alone and in admixture with an authentic specimen (Goodyear and Haworth, J., 1927, 3136), [aji* 
— 56° in water (c, 1-3) (Found : C, 48-9; H, 8-1; N, 11-6; OMe, 38-0. Calc. for C,H», O;N,: C, 48-3; H, 8-1; N, 113; 
OMe, 37-5%). 

Synthesis of 2:3: 4-Trimethyl B-Methyl-d-fucoside (XII), 2:3: 4-Trimethyl d-Fucose (XIII), and the Corresponding 
Anilide.—a-A cetobromo galactose 6-bromohydrin (IX). Penta-acetyl galactose (13 g.) was placed in a Carius tube which 
was gradually lowered into a bath of liquid air. Hydrogen bromide was then passed into the tube until about 30 c.c, 
of liquid had collected and solidified. e tube was sealed off and gradually raised from the liquid air bath and kept at 
room temperature for 8 hours. The tube was then cooled in liquid air and opened; after allowing the tube to attain 
room temperature the syrupy contents were washed out with ether. The ethereal solution was quickly freed from acid 
by shaking successively with water, sodium bicarbonate solution, and finally with water. After drying the ethereal 
solution over anhydrous magnesium sulphate, removal of the solvent yielded the 1 : 6-dibromo-2 : 3 : 4-triacetyl galactose 
as a syrup (13-4 g.). 

2:3: 4-Triacetyl B-Methylgalactoside 6-Bromohydrin (X1).—To a solution of the aceto dibromogalactose (17:5 g.) in 
dry methanol (200 c.c.) was added a slight excess of silver carbonate and the mixture shaken overnight. Filtration 
of the solution followed by removal of the solvent gave a syrup (14-4 g.) which was freed from a little silver by treatment 
of its ethereal solution with charcoal followed by filtration and evaporation. The syrup was dissolved in hot alcohol 
and water was added until the solution was turbid. On keeping at 0° crystalline 2 : 3 : 4-triacetyl-8-methy]-galacto- 
pyranoside 6-bromohydrin separated. 

Simultaneous Deacetylation and Reduction of 2:3: 4-Triacetyl B-Methylgalactopyranoside 6-Bromohydrin.—Many 
attempts to replace the bromine atom in position 6 by hydrogen by catalytic hydrogenation according to the method 
of Schlubach and Wagenitz (loc. cit.) were unsuccessful. The simultaneous reduction and deacetylation was, however, 
effected as follows. A solution of 2: 3: 4-triacetyl B-methylgalactose 6-bromohydrin (4 g.) in methanol containing a 
10% ethanolic solution of sodium hydroxide (17 c.c.) was subjected to hydrogenation during 6 hours in the presence of 
about 1 g. of Raney nickel, under an excess pressure of 1 atmosphere of hydrogen. The solution, which then gave a strong 
test for bromide ion, was filtered and evaporated to dryness under reduced pressure. Extraction of the white solid 
(sodium acetate, sodium bromide, £-methylfucoside and unchanged material) with boiling ethyl acetate gave a syrup 
which partly crystallised on keeping overnight. Crystallisation of the product from ethanol-ligroin gave f-methyl- 
d-fucopyranoside (0-45 g.), m. p. 118—121°, [a]}®* —14-7° in water (c, 1-6). 

Methylation of B-Methyl-d-fucoside—The crystalline material (0-37 g.) which was insoluble in methyl iodide was dis- 
solved in the minimum quantity of acetone containing a little methanol. The solution was then treated with methyl 
iodide and silver oxide according to the method previously described. The product, isolated by means of acetone, was 
given a second methylation with methyl iodide and silver oxide. Extraction of the product with acetone yielded 
2:3: 4-trimethyl B-methyl-d-fucoside (0-4 g.), m. p. 93—98°, [a]?!" +11-2° in water (c, 1-0) (after recrystallisation from 
ligroin) (Found : C, 54-6; H, 9-1; OMe, 56-3. C,H, O, requires C, 54-5; H, 9-2; OMe, 563%). ; 

Hydrolysis of 2: 3 : 4-Trimethyl B-Methyl-d-glucopyranoside.—When a solution of the crystals (0-20 g.} in N sulphuric 
acid (20 c.c.) was heated on a boiling water bath it showed [a]p +16° (initial value); +105° (after 0-5 hr.) ; +107 
(1 hr.) (constant value). After 1} hours the solution was neutralised with barium carbonate and the trimethyl! d-fucos 
(0-134 g.), isolated by the method previously described, had [a]}*° +106° in water (c, 1-0). The anhydrous trimethyl 
d-fucose was refluxed in ethanol with aniline (1 mol.) for 2 hours. On evaporation of the solvent a syrup was produc 
which slowly crystallised. The crystals of the anilide had m. p. 133—135°; [a}}®* +76° (equilibrium value) in ethanol 
(c, 0-8) (after recrystallisation from ether).* 


A. E. Hitts LABORATORIEs, 
THE UNIVERSITY, EDGBASTON, BIRMINGHAM. ; (Received, July 2nd, 1945.) 


* Note added, August 10th, 1945.—This investigation was completed before 1940. Since the above paper was submitted 
for publication the authors’ attention has been drawn to papers by Schmidt, Mayer, and Distelmarer (Naturwis:., 1943, 
$1, 247; Amnnalen, 1943, §55, 26) in which some of the work has been anticipated. : 
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By Sysir P. James and F. SMITH. 


The neutral constituent of gum tragacanth, a as the methyl polysaccharide (B) (see Part I of this 
series), undergoes smooth hydrolysis with methanolic hydrogen chloride. Separation of the resulting mixture of 
methylglycosides by fractional distillation demonstrated the presence of 2 : 3 : 5-trimethyl methyl-/-arabofuran- 
oside, 2 : 3-dimethy! methyl-/-arabinoside, B-methyl-/-arabopyranoside and a dimethyl methylhexoside. The high 
negative rotation of the methylated polysaccharide together with its ease of hydrolysis lend support to the 
view that the arabinose units are of the furanose type. The isolation of the dimethyl hexose shows that the 
polysaccharide is not a simple araban (which affords tri-, di-, and mono-methyl arabinose), a view also supported 
by the isolation of B-methyl-/-arabopyranoside as one of the cleavage products. 


INVESTIGATIONS into the chemistry of gum tragacanth reported in Part I of this series (James and Smith, this 
vol., p. 739) have revealed that this gum is composed of three main constituents, namely, tragacanthic acid, 
a neutral polysaccharide designated (B), and a third product (C) which appeared to be possibly steroid in 
nature. This communication deals with the chemistry of the neutral polysaccharide (B). Methylation of the 
gum enabled (B) to be separated in the form of its methyl derivative. Treatment of the latter with methyl 
jodide and silver oxide completed its methylation and fractional precipitation of the methylated polysaccharide 
from an acetone solution with ligroin demonstrated its essential homogeneity. The methyl derivative of the 
neutral polysaccharide had [a], —92° in methanol and OMe, 39°8%. 

When the methylated polysaccharide was boiled with 2% methanolic hydrogen chloride simultaneous 
hydrolysis and glycoside formation occurred rapidly. This procedure afforded a mixture of glycosides which 
was separated into its components by fractional distillation. The presence of 2: 3: 5-trimethyl methyl-i- 
arabofuranoside (I), 2 : 3-dimethyl methyl-l-arabinoside (II), 8-methyl-/-arabopyranoside (III), and a dimethyl 
methylgalactoside in the mixture of glycosides has been established. 
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The following reactions served to demonstrate the presence of 2 : 3 : 5-trimethyl methy]-/-arabofuranoside 
(Il). Hydrolysis of (I) with dilute acid gave the corresponding free sugar (IV) which on treatment with bromine 
was converted to 2 : 3 : 5-trimethyl~y-arabonolactone (V) recognised by its properties and by its transformation 
into the crystalline amide (VI) with methanolicammonia. This amide was identical with an authentic specimen 
of 2: 3: 5-trimethyl-/-arabonamide. 

_ The 2: 3-dimethyl-l-arabonamide (II) was identified by a similar series of reactions. Hydrolysis of (II) 
with dilute acid led to the formation of the free sugar (VII) which on treatment with bromine gave 2 : 3-dimethy] 
arabonolactone (VIII). This in turn furnished crystalline 2 : 3-dimethyl-l-arabonamide (IX) which proved 
to be identical with an authentic specimen (Hirst and Jones, J., 1938, 504; Smith, J., 1939, 753). 

_ The $-methyl-l-arabopyranoside (III) which crystallised from the higher boiling fractions obtained on 
distillation of the mixture of glycosides was recognised by its rotation, m. p., and by comparison with an 
authentic specimen prepared by the method of Purdie and Rose (J., 1906, 1207). 

A dimethyl methylgalactoside was shown to be present inasmuch as a fraction of the hydrolysate, 
which had a methoxyl content corresponding to that of a dimethyl methylhexoside, yielded on methylation 
with methyl iodide and silver oxide 2 : 3 : 4 : 6-tetramethyl methylgalactoside (X). The latter was recognised 
by the fact that upon hydrolysis it afforded 2: 3: 4: 6-tetramethyl galactose which gave on treatment with 
aniline in alcohol the known 2: 3: 4: 6-tetramethyl galactose anilide. In view of the methoxyl content of 
the mixture of glycosides remaining after the removal of $-methyl-/-arabopyranoside it is unlikely that any 
monomethyl methylpentoside is present. Nevertheless, careful search for such a product will made in future 
investigations. 

From these results it is evident that the methylated polysaccharide examined consists of arabinose 
and galactose units. The isolation of 2: 3: 5-trimethyl methyl-l-arabofuranoside (I) as a product of hydro- 
lytic cleavage of the methylated polysaccharide with methyl! alcoholic hydrogen chloride proves that in this 
Polysaccharide there are present units of the furanose type which constitute terminal residues and which are 

to the main structure only through their reducing groups. From the proof of the existence of 2 : 3- 
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dimethyl methyl-/-arabinoside (II) as a product of hydrolysis it is possible that this derivative arises 
from either furanose or pyranose residues. If the dimethyl derivative is derived from furanose units these 
must be joined to the main structure through positions 1 and 5 whereas if they arise from pyranose residues 
then the latter are joined to other groups in the complex through positions 1 and 4. In view of the relatively 
rapid rate at which hydrolysis of the methylated polysaccharide is effected with acid methanol accompanied 
by liberation of almost ali the arabinoses units it is believed that the arabinose units which afford 2 : 3-dimethy| 
arabinose are’ also of the furanose ring type.. The identification of crystalline §-methyl-l-arabopyranoside 
(III) as a product of hydrolysis of the methylated polysaccharide is interesting from a structural point of view 
because it means that the arabinose units must be joined through all available hydroxyl groups and must 
therefore be mutually joined to four other sugar residues (cf. Beaven, Hirst, and Jones, J., 1939, 1865). . There 
is no evidence at this stage which indicates the type of ring structure possessed by these units of arabinose 
which are isolated after hydrolysis in the form. of crystalline 6-methyl-/-arabopyranoside. It would appear, 
however, that this polysaccharide present in gum tragacanth is not of the simple araban variety, a view also 
supported by the identification of galactose in the form of a dimethyl derivative as a cleavage fragment. When 
opportunity arises it is our intention to return to a study of this polysaccharide in order to elucidate further the 
significance of the formation of the various cleavage fragments encountered in this preliminary investigation, 


EXPERIMENTAL. 


The Neutral Methylated Polysaccharide from Gum Tragacanth. Completion of the Methylation with Methyl Iodide and 
Silver Oxide.—The methylated polysaccharide (B) (20 g.; OMe, 37-3%) obtained during the methylation of crude gum 
tragacanth with methyl sulphate and sodium hydroxide (see Part I) was subjected to methylation with methyl iodide and 
silver oxide in the usual way. After each methylation the product was isolated by means of acetone and the methoxy! 
content determined. The methoxyl value was constant after the second methylation (Found: OMe, 38-9%). 4 

Fractionation of the Methylated Polysaccharide.—The fully methylated material (13-1 g.) was dissolved in acetone 
and fractions A,, A,, and A, were precipitated from the solution by graded addition of ligroin. The supernatant liquid 
was decanted from each fraction precipitated and the latter was washed by decantation with a mixture of ether and ligroin 
and dried under reduced pressure at 40° (bath temp.). Evaporation of the mother liquor gave a syrup (A,) which prob- 
ably consisted of degraded material and was not further examined at this stage. Fraction A, (6-1 g.; [a]p —71° in 50% 
aqueous acetone) which contained inorganic impurities was refractionated by dissolving in acetone and adding ligrom 
until a small precipitate formed. This precipitate which was dark coloured and contained inorganic impurity was 
neglected. Evaporation of the mother liquor gave a purer specimen (5-4 g.; [a]p —72° in 50% aqueous acetone) which, 
however, still contained inorganic impurities. These were eliminated by dissolving the material in acetone and adding 
ligroin. Evaporation of the mother liquor then gave an inorganic-free specimen of A, (3-0 g.). The properties of the 
fractions are tabulated below. : 

[a]p (in 50% [e}p (in 50% 


Fraction. Wt.,g. OMe, %. aqueous acetone). Fraction. Wt.,g. OMe, %. aqueous acetone), 
3-0 39-3 — 84° Bhd ons Gitta cot nie 2-1 40-9 — 84° 
2-7 40-2 — 85 Rx: ‘dennse cannes 2-1 + — 62 


Hydrolysis of the Methylated Polysaccharide.—When a solution of the methylated derivative (0-5 g., A,) was boiled 
with 4% methanolic hydrogen chloride (50 c.c.) it showed [a]p —73° (initial value), +9° (after 1} hrs.), +7° (2-75 hrs), 
constant value. After 4 hours the solution was neutralised with silver carbonate, filtered and evaporated under slightly 
diminished pressure to give a mobile syrup (0°45 g.). 

The main bulk of the fractions A,, A,, A; (7-6 g.) was then boiled for 6 hours with 2% methanolic hydrogen 
chloride (150 c.c.). The solution was neutralised with silver carbonate, filtered, and evaporated to dryness under slightly 
reduced pressure to give a non-reducing syrup (7-4 g.)._ In order to remove a small amount of colloidal silver the syrup 
(7-4 g.) was dissolved in acetone and to the solution was added an excess of ether and a small amount of charcoal. The 
solution was filtered and freed from solvent. The syrup was transferred to a Widmer flask and fractionally distilled 

iving : 
aitiied Fraction. Wt., g. B. p. (bath temp.). Pressure, mm. Np. OMe, %. 

= . 132—145° 10-00 1-4350 58-9 

II . 120—130 0-05 1-4445 55-7 

III . 130—140 0-04 1-4600 46-5 

IV , 140—160 0-02 1-4670 43-6 

Vv . 160—185 0-02 1-4670 38-9 

VI : 185—190 0-04 1-4783 33-4 

VII , Above 190 0-04 1-4873 40-3 


The residue (0-95 g.) was boiled with methanol (20 c.c.) containing hydrogen chloride (4%) for 20 hours and the product, 
isolated by the method previously described, distilled giving fraction VIII (0-3 g.), b. p. (bath temp.) 123—160°/0+3 
mm., mp 1-4565—1-4683, and fraction IX (0-5 g.), b. p. (bath temp.) above 160°/0-03 mm., mp 1-4775. Fraction I was 
pure 2: 3 : §-trimethyl methyl-/-arabofuranoside and since no variation of the refractive index was observed during the 
first fractional distillation it was not redistilled. 

Refractionation of Methylated Glycosides: Fractions II, III, ana IV.—Fraction II was redistilled very slowly and whet 
the refractive index of the distillate began to change, the distillation was stopped; fraction III was then added to the 
still residue, the receiver changed and the distillation continued. Similarly when the refractive index of the distillate 
had reached that of the first drop collected in fraction IV the latter was added to the still residue and the fractionatiol 
was continued. In this manner fractions X to XIII were obtained; fraction XIV consists of the still residue which 
could not be distilled from the Widmer flask. The properties of the fractions are tabulated : 


Fraction. Wt.,g. 2B. p. (bath temp.) /0-05 mm. nig", 
x ‘ 1-4380 
XI : 1-4515 
XII : 1-4550 
XIII . 1-4620 
XIV . Still residue 1-4675 
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Examination of Fractions of Methylated Glycosides.—Identification of 2: 3: 5-trimethyl methyl-1-arabinoside (I): 2:3: 5- 
jrimethyl 1-arabinose (IV). When a solution of fraction (I) (1-0 g.) (Found: OMe, 58-9. Calc. for C,H,,0,: OMe, 
60-2%) in O-1N sulphuric acid (100 c.c.) was heated on a boiling water bath it showed [a]p — 82° (initial value), —78° 
after 1 hr.), —54° (3-75 hrs.), —36° (7-75 hrs., constant value). The solution was neutralised with barium carbonate, 
filtered and evaporated to a syrup under slightly reduced pressure. The free sugar, 2 : 3 : 5-trimethy]l /-arabinose (0-9 g.) 
extracted from the residue with ether had [a}}f’ —37° (c, 0-94) (Found: OMe, 47-0. Calc. for C,H,,0,: OMe, 484%), 

2:3: 5-Trimethyl |-Arabonolactone (V).—A solution of the free sugar (0-87 g.) in water was treated with bromine 
(0-4c.c.) at room temperature for 48 hours after which time the solution did not reduce Fehling’s solution. The solution 
was freed from the excess of the bromine by aeration, neutralised with silver carbonate, filtered, treated with hydrogen 
sulphide, filtered and evaporated to dryness under reduced pressure at 40°. The syrup so obtained was heated for one 
hour at 100° under reduced pressure in order to effect lactonisation. The 2: 3: 5-trimethyl /-arabonolactone (0-58 g.) 
purified by extraction with ether followed by distillation had b. p. (bath temp.) 120°/0-02 mm., n}§° 1-4450 (Found: OMe, 
49-6. Calc. for C,H,,0,: OMe, 48-9%), [a]}¥*° +-40° in water (c, 0-7) (initial value). 

2:3: 5-Trimethyl |-Arabonamide (V1).—Treatment of the lactone (V) with methanolic ammonia (solution saturated 
with ammonia at 0°) for 4 days at 0° gave in good yield the 2 : 3: 5-trimethyl /-arabonamide, m. p. and mixed m. p. 
138°, [a]}% +23° in water (c, 1-6) (after recrystallisation from ethyl acetate). 

Identification of 2 : 3-Dimethyl 1-Arabinose (VII).—Fractions XI and XII were combined (0-83 g.) and hydrolysed 
by heating on a boiling water bath with 0-5n-hydrochloric acid (50 c.c.). The change in rotation of the solution was 
observed : [a]p —11° (initial value), +57° (after $ hr.) (constant after a further 2-25 hrs.). The solution was neutralised 
with barium carbonate, filtered, and evaporated to dryness. The residue of the reducing dimethyl sugar and barium 
chloride was extracted with boiling ether and alcohol. Concentration of the extract gave a syrup (0-66 g.), [a]}®* +44? 
in water (c, 0°7) (Found: OMe, 29-5. Calc. for C,H,,0,;: OMe, 348%). 

2 : 3-Dimethyl 1-Arabonolactone (VIII).—The dimethyl sugar (0°65 g.) was treated with bromine (2-5 mols.) in aqueous 
solution and the resulting lactone isolated as in the case of the trimethyl y-arabonolactone. The syrup (0-52 g.) was 
distilled giving : fraction (i) (0-24 g.), b. p. (bath temp.) 117—135°/0-04 mm., n}f* 1-4595 (Found : OMe, 42-5%) ; fraction 
(ii), b. p. (bath temp.) 135°/0-04 mm., m}f* 1°4605 (Found: OMe, 33-9. Calc. for C,H,,0, : OMe, 35-4%). Treatment 
of fraction (i) with methanolic ammonia by the usual method gave crystalline 2 : 3-dimethyl /-arabonamide, m. p. and 
mixed m. p. 161°, [a]}®° +19° in water (c, 1-2) (after recrystallisation from ethyl alcohol). No trimethyl arabonamide 
was detected in this preparation. Fraction (ii) was similarly treated with methanolic ammonia and this also gave the 
crystalline 2 : 3-dimethy] /-arabonamide, m. p. 161°, together with a syrup which did not crystallise. 

Isolation of B-Methyl-l-arabopyranoside.—The fractions (V), (VI), (IX), (XIV) were partly crystalline and the crystals 
of f-methyl-l-arabopyranoside (0-14 g.), separated by trituration with acetone and alcohol followed by recrystallisation 
from a mixture of acetone and methanol, had m. p. and mixed m. p. 170° alone and in admixture with an authentic 
specimen, [a]#}” +224° in water (c, 1-1) (Found: C, 44-0; H, 7-0; OMe, 18-8. Calc. for C,H,,0,: C, 43-9; H, 7-3; 
OMe, 18-9%). Removal of the solvent from the combined mother liquors after separation of B-methyl-/-arabopyranoside 
gave a liquid (1-5 g.), mpy° 1-4720 (Found: OMe, 45-2%). 

Examination of fraction VII. This syrup (0-3 g.) (Found: OMe, 40-3. Calc. for CjH,,0,: OMe, 41-9%) was methyl- 
ated twice with the Purdie reagents, a small amount of acetone (1 c.c.) being necessary for the first methylation as the 
syrup was insoluble in methyl iodide. The syrup (0-26 g.) isolated by means of ether had b. p. (bath temp.) 100— 
110°/0-02 mm., m}~° 1-4470. When a solution of the syrupy distillate (0-14 g.) in N sulphuric acid (10 c.c.) was heated 
on a boiling water bath it showed [a]p +100° (initial value), + 107° (after 1 hr.), +105° (2-hrs.), +97° (3 hrs.), +86° 
(9 hrs.) (constant value). The solution was neutralised with barium carbonate and the free tetramethyl sugar isolated 
by the method previously described. The colourless syrup (0-1 g.) thus produced was boiled with an ethanolic solution 
of aniline (1 mol.) for 3 hours. When the solvent was removed by evaporation under reduced pressure the residual 
syrup crystallised completely. After recrystallisation from ethanol the crystals had m. p. 193° alone or in admixture 
with an authentic specimen of 2 : 3 : 4: 6-tetramethyl galactose anilide. 


A. E. Hitts LABORATORIES, THE UNIVERSITY, EDGBASTON, BIRMINGHAM. [Received, July 2nd, 1945.] 





196. The Synthesis and Properties of 1: 7-Dialkyl Xanthines. 
By FREDERICK G. Mann and J. W. GEOFFREY PORTER. 


Previous work has shown that although paraxanthine (1 : 7-dimethylxanthine) possesses marked anti- 
thyroid activity, this property was not shown by xanthine or by any other methylated xanthine (other than 
isoxanthines) investigated. Since therefore in the normal methylated Kanthines this property seemed to be 
peculiar to the 1 : 7-dimethyl member, the synthesis of other 1 : 7-dialkyl xanthines has been investigated.’ Two 
successful methods of preparation have been developed, the first (essentially a Traube synthesis) from the 
appropriate pyrimidine, and the second from the appropriate iminazole. 1-Methyl-7-ethyl-, 1-methyl-7-n- 
propyl-, 1-ethyl-7-methyl-, and 1 : 7-diethyl-xanthine (and various derivatives) have thus been prepared, and their 
structure confirmed by their absorption spectra 


Preliminary tests indicate that these dialkyl xanthines, and also 8-methyl-1 : 7-diethylxanthine, have an 
antithyroid activity of the same order as that of paraxanthine itself. 


It has been shown by Carter, Mann, Jenkins, and Harley-Mason (Nature, 1943, 151, 728) that both whale liver 
and human urine contain material which possesses marked antithyroid activity, the latter being determined 
by (a) its property of changing the temperature/heart-rate curve of the summer frog’s heart to that typical 
of the winter frog’s heart, i.e., reversing the effect of thyroxine in this respect (Carter, Brit. J. Exp. Biol., 
1933, 10, 256), and (5) its effect on the basal metabolic rate of the rat. Furthermore, paraxanthine (1 : 7- 
dimethylxanthine), isolated from both these sources, possessed high antithyroid activity, being capable of 
neutralising the action of ca. 5000 times its weight of thyroxine in the above tests. The activity of this naturally 
curring paraxanthine was found to be identical (within the limits of experimental accuracy) with that of 
Paraxanthine synthesised by a modification of Fischer and Ach’s method (Ber., 1898, 31, 2622; 1906, 39, 
423). Xanthine itself, and 1-methyl-, 7-methyl-, 1: 3-dimethyl-, 3: 7-dimethyl-, and 1: 3: 7-trimethyl- 
xanthine, as well as adenine and guanine, were found to possess negligible antithyroid action (ca. 0-001 of that 
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of paraxanthine). Subsequent tests have shown that 3-methylxanthine, 3: 9-dimethylisoxanthine anj 
1: 3: 9-trimethylisoxanthine are similarly inert, that 9-methylisoxanthine has only a low activity, but tha 
1 : 9-dimethylisoxanthine has a high activity, of the same order as that of paraxanthine. 

The antithyroid activity of extracts of various mammalian organs shows a very wide range, that of th 
thyroid glands being particularly high (Carter and Jenkins, Nature, 1944, 154, 639). We have consequent) 
. isolated, identified and examined the purine constituents of the ox thyroid gland, and our results (to be published 
later) show that in this gland compounds other than paraxanthine are apparently responsible for antithyroi 
activity. Meanwhile, however, since our earlier work showed that of the normal methylated xanthines teste 
only the 1 : 7-dimethyl derivative possessed this antithyroid activity, we have synthesised various homologue 
of paraxanthine (hitherto the only known 1 : 7-dialkyl xanthine) in order to determine whether the activity js 
limited solely to the first member of the homologous series. ; 

A critical examination of the possible synthetic routes has revealed two methods of practical value. 

Traube and Dudley (Ber., 1913, 46, 3839) have shown that 2 : 4-diamino-5-formamido-6-ketodihydr- 
pyrimidine (I) is methylated by dimethyl sulphate to the 1-methyl derivative (II), the position of the methy| 
group being determined by ring closure with formic acid to 1-methylguanine (III, R = H), characterised by 
conversion to 1-methylxanthine (IV, R=H). The guanine (III, R = H), treated with methyl chloride gave 
1: 7-dimethylguanine (III, R = Me), the position of the second methyl group being determined by a simila 
conversion to paraxanthine (IV, R = Me). We find that methylation of the formamido-compound (I) to 


xt & MeN—CO Me O MeN—CO 

HN *NH:CHO —>H,N-C (-NH-CHO —> we ie eRe —NR 

‘NH, CNH, Nt ye ay yc 
(I.) (IT.) (III.) (IV.) 


the 1-methy] derivative (II) can be accomplished using methy] iodide, but the yield is lower than when dimethy| 
sulphate is employed. We have, however, failed to ethylate the compound (I) by the use of diethyl sulphate or 
ethyl iodide under a variety of conditions and it would appear that the preparation of 1 : 7-dialkyl xanthine 
by Traube and Dudley’s synthesis is limited to the 1-methyl members. 

These authors used methyl chloride for the conversion of the guanine (III, R = H) to the 7-methy] deriv. 
ative (III, R = Me) because methyl iodide gave methiodides of the methylated product. For the introduction 
of higher alkyl groups, however, we have employed alkyl iodides because of their higher reactivity. An 
alcoholic solution of the sodium derivative of (III, R = H) when boiled with ethyl iodide gave the crystalline 
1-methyl-7-ethylguanine (III, R = Et), which on treatment with nitrous acid furnished 1-methyl-7-ethylxanthim 
(IV, R = Et). The absorption spectra of this and other of the new, purines have been measured by Dr.-C. B. 
Allsopp, whose report is given below; the almost complete identity of the spectra of this xanthine and of para- 
xanthine shows clearly that the ethyl group has also entered the 7-position. It is noteworthy that Traube 
and Dudley (loc. cit.) obtained a 5% yield of paraxanthine, calculated on the guanidine employed for the initial 
synthesis of the pyrimidine (I): our yield of the 1-methyl-7-ethyl homologue, similarly calculated, is 2%. 
The use of n-propyl iodide in place of ethyl iodide gave two isomeric propyl derivatives which were isolated 
as the crystalline sulphates, (a) having m. p. 245—247° and (6) having m. p. 290—293° : the latter was formed, 
however, in only very small yield. The compound (a) was the sulphate of 1-methyl-7-n-propylguanine (lll, 
R = Pr), since it was converted as usual to 1-methyl-7-n-propylxanthine (IV, R = Pr) and the spectra of both 
these compounds were again very closely similar to those of their authentic 1: 7-dimethyl homologues. The 
identity of the guanine sulphate (6) is, however, uncertain. For structural reasons the guanine is most prob- 
ably 1-methyl-9-n-propyl-isoguanine: unfortunately there are no authentic 1: 9-dialkyl isoguanines for 
direct spectra comparison, and the yield of (b) was too small for a pure specimen of the corresponding xanthine 
to be prepared. Simultaneous alkylation in the 7- and 9-positions is, however, rare, although Fischer (Ber, 
1897, 30, 2220) showed that 2: 6: 8-trichloropurine treated with methyl iodide furnished a mixture of the 7- 
and 9-methyl derivatives, and Baddiley, Lythgoe, and Todd (J., 1944, 318) have shown that 2-methyladenine 
similarly treated gives a mixture of 2: 7- and 2: 9-dimethyladenine. The action of isopropyl bromide and of 
ethylene chlorohydrin (for the ultimate purpose of introducing the vinyl group) on the guanine (Ill, 
R = H) gave only one derivative in each case: the yields were exceedingly low and, since it was impos 
sible to determine whether the product isolated corresponded to the (a) or (b) type, this synthetic approach 
was not further developed. |! 

Our second method is based essentially on Sarasin and Wegmann’s synthesis of 7-methylxanthine (Hel. 
Chim. Acta, 1924, 7, 713). These authors have shown that 5-chloro-1-methyliminazole (V), prepared by the 
action of phosphorus pentachloride on N : N’-dimethyloxamide, can be readily nitrated to the 4-nitro com 
pound which with potassium cyanide affords 4-nitro-5-cyano-l-methyliminazole (VI). They showed that 
although the nitrile could be readily converted by sulphuric acid to the amide (VII, R = H), its complete 
hydrolysis to the carboxylic acid was difficult; reduction of the nitro-amide gave, however, the 4-amine 
compound (VIII, R = H), which condensed with diethyl carbonate to form 7-methylxanthine (IX, R = ). 
For our purpose, however, the preparation of substituted amides (VII, where R = an alkyl group) was essential. 
We have confirmed the great resistance which the nitrile (VI) shows to complete hydrolysis or to alcoholysis; 
for example, it was recovered unchanged after 6 hours’ heating at 130° with concentrated sulphuric acid and 
much alcohol. Ultimately, however, it was hydrolysed to the 5-carboxylic acid (KX, R = H) by Bouveaults 
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method (Bull. Soc. Chim., 1892, 9, 368; cf. Sudborough, J., 1895, 67, 602), i.¢e., by an initial heating with 
sulphuric acid followed by treatment with one equivalent of sodium nitrite. The acid was readily converted 


RN-CO 
MNMe op CN-C-NMev, RNH-COf NM H__» RNH‘CO-C-NMew 45 es 
- Se > NO we — ' NO; yd — NH, yor oF F AN >cH 
v.) (VI.) (VII.) (VIII.) (IX.) 


by thionyl chloride to the 5-carboxylic chloride, which in turn when treated with the appropriate primary amine 
furnished the 5-methylamido-, ethylamido- and phenylamido-derivatives (VII, R = Me, Et, Ph). The con- 
ditions for the reduction of these compounds to the corresponding 4-amino-compounds (as VIII) were controlled 
chiefly by the fact that the substituent, R, appears to weaken the stability of the ring in (VIII) unless these 
amines are neutralised by acids: the free amines, and also their salts in the presence of acid, are unstable. 
Thus the preparation of the amine (VIII, R = Me) by reduction of the nitro-amide (VII, R = Me) with tin and 
hydrochloric acid (the reagent successfully used by Sarasin and Wegmann on the unsubstituted amide) com- 
pletely failed; the amine was, however, obtained in moderate yield using ferrous sulphate and ammonia, or 
aluminium amalgam, and, in 70% yield, using Raney nickel and hydrogen. Even the latter reagent was 
unsatisfactory for the reduction of the amides (VII, R = Et and Ph); these amides in alcoholic solution were, 
however, smoothly reduced by palladium and hydrogen provided one equivalent of hydrogen chloride was 
present for immediate neutralisation. 

Similar catalytic reductions performed with the 8-bromoethylamide (VII, R = -CH,CH,Br) in the presence 
of hydrobromic acid, and with the 6-hydroxyethylamide and the f-acetoxyethylamide gave a rapid absorption of 
hydrogen, but no crystalline product could be isolated. 

The presence of the substituent, R, in the amino-amide (VIII) also profoundly affected the ring closure to 
the xanthine (IX). When the amide (VIII, R = Me) was heated with diethyl carbonate in a sealed tube 
(Sarasin and Wegmann’s conditions), only a minute yield of paraxanthine was obtained, but this yield was 
increased to 60% when the amide was heated with ethyl chloroformate in dioxan solution in the presence of 
potassium carbonate. This is, therefore, a new synthesis of paraxanthine. Similar conditions, applied to 
the amide (VIII, R = Et) successfully gave 7-methyl-1-ethylxanthine (IX, R = Et), but the ring closure of the 
phenylamide was not satisfactorily accomplished. 

An alternative route from the above 5-carboxylic chloride to the xanthines (IX) was investigated. This 
chloride when treated with methyl or ethyl alcohol readily furnished the 4-nitro-1-methyliminazole-5-carboxylic 
methyl and ethyl esters (X, R = Me, Et), which were smoothly reduced by hydrogen and palladium in alcoholic 
solution containing hydrogen chloride to the hydrochlorides of the 4-amino-esters (XI, R = Me, Et). All 


ROOC-C—NM ROOCE—NMe> ci ROOC-C—NM 
“ “A, <>cH ‘Pango i AMS>cH 


NH,’ EtO-CO-NH- 
(X.) (XI.) (XII.) 
attempts to convert the latter by the action of ethyl chloroformate to the 4-ethyl-carbamido derivative (XII) 
failed, however. Had the latter compound been obtained, further reaction with primary amines, involving 
ring closure, should have furnished the corresponding 1l-alkyl-7-methylxanthines (as IX). 

All such synthesis starting with the iminazole (V) can however furnish only xanthines having the 7-methyl 
substituent. To obtain the 7-ethyl homologues, we have converted 5-chloro-2-methyl-1l-ethyliminazole (XIII), 
prepared by the action of phosphorus pentathloride on N : N’-diethyloxamide (Wallach, Annalen, 1882, 214, 
279), to the 4-nitro derivative (Sarasin and Wegmann, ibid., p. 720) and the latter to the 5-cyano derivative 
(Montequi, Ann. Soc. Espan. fis. quim., 1926, 24, 731). The nitrile, again hydrolysed by Bouveault’s method, 
furnished 4-nitro-2-methyl-1-ethyliminazole-5-carboxylic acid (XIV) which was converted by the consecutive 
action of thionyl chloride and ethylamine to the 5-carboxylic chloriderand then to the 5-ethylamido-derivative. 
The latter was reduced as before to the 4-amino-compound (XV), which underwent ring closure by ethyl chloro- 
formate under our previous conditions to 8-methyl-1 : 7-diethylxanthine (XVI). It is known that the 8-methy] 


EtN—CO 
ClC—NEt HOOC-C—NEt EtNH-CO-C—NEt N 
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group in xanthines can be readily chlorinated to the corresponding mono-, di-, or tri-chloromethyl group 
(Boehringer and Sohne, D.R.P. 146,714, 151,133, 153,121). When the compound (XVI) was shaken with a 
solution of chlorine in phosphorus oxychloride at 40—50° it was smoothly converted to the 8-trichloromethyl 
derivative, and this, on hydrolysis, readily gave 1: 7-diethylxanthine. It should be noted that this iminazole 
synthesis of the 1: 7-dialkyl xanthines, unlike the preceding Traube synthesis, leaves no doubt concerning 
the position of the two alkyl groups: the structure of the 7-methyl-l-ethyl- and 1 : 7-diethyl-xanthines has, 
however, been independently confirmed by the fact that their absorption spectra are also almost identical 
with that of paraxanthine (see later). 

Two other possible methods deserve brief comment. Fischer (Ber., 1897, 30, 2400) has shown that theo- 


— on chlorination gives 2 : 6-dichloro-7-methylpurine which on alkaline hydrolysis furnishes 2-chloro-6- 
E 
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keto-7-methyl-dihydro-purine (XVII). The potassium salt of the latter, treated with methyl iodide, affords 
2-chloro-6-keto-1 : 7-dimethyl-dihydro-purine (XVIII) which on acid hydrolysis gives paraxanthine. Since 


tf oe “tote “tof 

che C—NM cre C—NM OCo O CH-NHMe 

Nc a . HN—CO HN—CO 
(XVIL.) (XVIII.) (XIX.) (XX.) 


however, the yield of (XVIII) was low, and that obtained with higher alkyl iodides would, in view of the results 
obtained in our first method, probably be considerably lower, this synthesis was not investigated. 

When 1-methylalloxan (XIX) or its reduction product, 1-methyldialuric acid, is treated first with methyl. 
amine sulphite and then with acids, 1-methyl-5-methylaminobarbituric acid (XX) is obtained (Fischer and 
Clemm, Ber., 1897, 830, 3089; Biltz and Damm, Ber., 1913, 46, 3662; Amnalen, 1917, 418, 137). The latter 
compound can be readily converted by potassium cyanate to the y-uric acid, which with hydrochloric acid 
furnishes 1: 7-dimethyluric acid; this compound can be chlorinated to 8-chloro-1 : 7-dimethylxanthine 
and this, on reduction, furnishes paraxanthine (Fischer, Ber., 1898, 31, 3550). This synthetic approach js 
attractive because it would apparently allow a wide variety of alkyl groups to be inserted readily in the 
7-position, Its chief disadvantage is the preparation of the initial l-alkyl alloxan (as XIX). 1-Methylalloxan 
can be obtained from theobromine (Maly and Andreasch, Monatsh., 1882, 3,92; Fischer, Annalen, 1882, 215, 
253; Ber., 1882, 15, 29), and l-ethylalloxan from 1-ethyluric acid (Biltz and Peukert, Ber., 1925, 58, 2190), 
but the yield of both compounds is low. In view of this fact and of the many stages involved, this synthesis 
was also not investigated. 

Table I summarises the yields and some of the physical properties of the 1: 7-dialkyl xanmthines. The 
yields marked with an asterisk are calculated on the guanidine used initially in the Traube synthesis; the 
yields not so marked are calculated on the dialkyl oxamide initially used. All these xanthines could be readily 
recrystallised from hot water; only those dialkyl xanthines having a 7-methyl group separate in the anhydrous 
condition. 

TaBLeE I. 
Water of Picrate, m. p. 
Xanthine. Yield, %. M. p. crystallisation. (decomp.). 
NE ™ Cid bincsecokagnceeseecbacanges nha : 297—299° None .247—249° 
ROOIMEEE .- spblappsduatiete cease ocuces innguateptes , 225—226 $H,O 221—222 
I iii Ueki ks <nscess coneubsbecncncanes 204—205 }H,O 178—179 
ARES has Daithicsbb die cce nas ndeshsnoiateSirede : 238—239 None 217—218 


DS FeRAER Eis sincneace. cos corsenssccetosp bese . 191—192 4H,O 215—216 
© SF OO Fok sds doe cuaices dnc cenictnlesess 235—236 None 206—207 7 


Dr. C. B. Allsopp has kindly provided the following report on the absorption spectra of the above 
compounds : 

‘* Absorption Spectra of 1: '7-Dialkyl-xanthines and -guanines.—The absorption spectra of the 1 : 7-dialky! 
xanthines and guanines were recorded with a Spekker photometer used in conjunction with an intermediate 
size Hilger quartz spectrograph. The positions of the maxima of intensity could be determined to about 10 ., 
and their intensities (« = molecular extinction coefficient) to 0-01 x 10. Beer’s law was obeyed at all the 
concentrations employed, which ranged from m/800 to m/10,000. 

«« Xanthines.—The absorption spectra of xanthine and of its simple derivatives in acid or neutral solution 
contain one or both of two bands which occur in the regions of the spectrum around 2650 a. and 2400 a., 
respectively (Gulland and Holiday, Nature, 1933, 132, 782; J., 1934, 1639). In alkaline solutions these bands are 
displaced by 100 to 200 a. towards longer wave-lengths and, in some cases, ¢.g., 1-methylxanthine, a derivative 
showing only one band in acid solution shows both in alkaline solution. Gulland and Holiday observed that 
the band of shorter wave-length is suppressed by substitution in the 7-position. The spectra of 1 : 7-dimethy!., 
1-methyl-7-ethyl-, 1-methyl-7-n-propyl-, 7-methyl-l-ethyl-, 1: 7-diethyl-, and 8-methyl-1 : 7-diethyl-xanthines 
now recorded (Tables II and III, and Fig. 1) are in agreement with this observation. They contain only 4 
single band, which occurs at wave-lengths about 2700. in neutral and acid solutions, and at about 2900 a. in 
alkaline solution, . 

‘“‘ Bxamination of the data recorded by Gulland and Holiday reveals no systematic wave-number separation 
between the maxima of intensity in the two-band spectra, so that the two bands may be assumed to originate 

= from separate electrons.’ That at shorter wave-lengths might perhaps be attributed to 
RN—(C0 | a lone-pair electron on the 7-N atom. It is consistently less intense in acid than in 
o¢ re alkaline solution (cf. Baldwin, Proc. Roy. Soc., A, 1937, 162, 228), and is suppressed 
N= N when this atom is saturated in the manner shown in the structural formule for the 
(XXI.) xanthines proposed by Ogston (J., 1935, 1736) on the basis of dissociation measurt 
=p ments. The disappearance of the band correlates directly with the presence of @ 
positive charge on the 7-N atom in Ogston’s formule (as XXI). 
NAS: The band at 2700 a. may be attributed to the pyrimidine ring since a band appears at similar wave-lengths 
in the spectra of all purines (Heyroth and Loofbourow, J. Amer. Chem. Soc., 1934, 56, 1728). In homologous 
series the intensity of absorption usually increases with increasing weight of the molecule; but Table I! shows 
that the intensity of the. band of the 1 : 7-di-alkyl xanthines decreases with increasing size of the 7-substituent 
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rds (Cmax, for 1-Me-7-Me = 0-93 x 10, for 1-Me-7-Et = 0-77 x 104), but increases again if the weight of the 
ae, |-substituent is increased (c,,,,, for 1-Et-7-Et = 0-83 x 10‘). Suchacounterbalancing effect of the two electron- 
repelling groups shows that the degree of ‘‘ saturation ” ofthe pyrimidine ring, as measured by the intensity 
of its absorption band, is very susceptible to slight changes in its electrical symmetry. 

« The displacement of the band on passing from acid to alkaline solutions, which might be expected to depend 
on ‘the degree of dissociation, is approximately constant in the series. Table III shows that when the group 
substituted in the 1-position is larger than that at the 7-position, the displacement is accompanied by a decrease 
in intensity which is not observed when the 7-substituent is the larger. The spectrum of 1 : 7-diethyl-8- 
methylxanthine is also of this type, as might be expected. Increase of pH causes the same displacement of the 
band and a marked decrease in its intensity. 

‘‘ Guanines.—The absorption spectrum of guanine itself has been measured by Holiday (Biochem. J., 1930, 
24, 619) and by Heyroth and Loofbourow (loc. cit.) and those of 7-methylguanine and 9-methylisoguanine by 
Gulland and Story (J., 1938, 692). Two absorption bands are again involved, but their relationship is simpler 
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ution Fic. 1.—Absorption curves of paraxanthine : Fic. 2.—A bsorption curves of : 

00 A., : A, in neutral solution. . A, 1: 7-Dimethylguanine sulphate. 

ds are B, in acid solution. B, 1-Methyl-1-n-propylguanine sulphate. 
ative C, in alkaline solution. C, 1-Methyl-9(?)-n-propylguanine sulphate. 
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than in the case of the xanthines, since they can be attributed to a Jactim-—lactam tautomerism. In strong 
alkaline solution, a band at 2700—2800 a. only is observed : in strong acid (0-05n HCl) the spectrum contairis a 
single band at 2500 a. In aqueous and weakly acid solutions, both bands may be found simultaneously. 

“ The spectra of 1 : 7-dimethylguanine and of 1-methyl-7-n-propylguanine now recorded in aqueous solution 
accordingly show both bands (Table II and Fig. 2), the spectra of the two compounds being very similar. In 
contrast, the spectrum of the material believed to be 1-methyl-9-n-propylisoguanine contains only one maximum 
at 2560 a., although there are indications of a possible second band at 2800 a. (Fig. 2). Gulland and Story 
(loc. cit.) record a somewhat similar spectrum for 7-methylguanine in 0-05n-HCI, but with Emax. at 25004. Their 
9-methylisoguanine absorbed at shorter wave-lengths than the 7-derivative, so that the 1 : 9-structure attributed 
to the present material must be tentative. The structure of the 1 : 7-compound, however, was confirmed in 
that the absorption spectrum of the xanthine derived from it agreed closely with those of the known 1 : 7- 
dialkylxanthines. 

“ Fig. 1 shows the absorption curves of paraxanthine in neutral, acid and alkaline solution : those of the 
new 1 : 7-dialkyl xanthines are so closely similar that they are not included, but the position and intensities of 
engths their respective maxima are recorded in the above Tables.” 
logous Dr. G. S. Carter has submitted the above synthetic purines and also certain allied derivatives to preliminary 
shows tests for antithyroid activity, by determining the concentration needed to abolish the effects of thyroxine 
ituent it an aqueous solution containing 1 mg. per litre on the temperature/heart-rate curve of the frog’s heart (cf. 
er, Mann e¢ al., loc. cit.; Carter and Jenkins, Joc. cit.). The details of these tests and a critical discussion 
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TABLE II. 


Absorption bands of 1 : 7-dialkyl-xanthines and -guanines in aqueous solution. 
Position. 

i, 

Xanthines Me 


Amax.: Emax.- 
2680 A. 0-93 x 104 
2680 0-77 

2690 0-76 

2690 0-98 

2690 0-83 

2720 1-12 


, ' 2790 0-60 
Guanines 2500 0-62 
2810 0-69 


2500 0-69 
1-Me-9(?)- Pr@ 2570 1-07 


Fllills 


| 


TaBLeE III. 
Influence of pH on absorption bands of 1 : 1-di-alkylxanthines. 
Position. Acid solution (N/100 HCl). _— Alkaline solution (n/100 NaOH). 
z. | 2 8. #4 a “ Suex.- 
Me Me — 1-17-x 10° ‘ 1-02 x 10+ 
Me Et _— 0-80 0-81 
Et Me — 1-02 0-78 


Et Et —_— 1-00 0-89 
Et Et Me 1-07 0-91 


of their significance will be published elsewhere. They indicate that 1-methyl-7-ethyl-, 1-methyl-7-n-propyl., 
7-methyl-l-ethyl-, 1 : 7-diethyl-, 8-methyl-1 : 7-diethylxanthine, and also 1 : 9-dimethylisoxanthine all have 
an antithyroid activity of the same order as that of paraxanthine. 1: 7-Dimethylguanine and 9-methyliso- 
xanthine appear to have definite but markedly lower activities, whilst xanthine, guanine, 3 : 9-dimethyliso- 
xanthine and 1 : 3: 9-trimethylisoxanthine have (at the most) exceedingly low activities. 

These results if confirmed would indicate that an alkylated xanthine, in order to possess high antithyroid 
activity, must possess an alkyl group in the 1-position and a second in the 7- or 9-position; the insertion of 
a third group apparently destroys the activity unless it is in the 8-position. Other minor changes in the main 
structure also have a marked effect : the considerable loss in activity when paraxanthine is converted into 1 : 7- 
dimethylguanine is noteworthy. 


EXPERIMENTAL. 


Solvents used for recrystallisation are named in parenthesis after the compounds concerned. All picrates, unless 
otherwise stated, were recrystallised from a very dilute aqueous solution of picric acid. The yields given are, unless 
otherwise stated, those of the pure recrystallised products: the yields of certain of the crude products were much higher. 

Alkylation of 2 : 4-Diamino-5-formamido-6-ketodihydropyrimidine (I1).—(a) The monohydrate of this compound was 
prepared by Traube and Dudley’s method (loc. cit.) and when methylated in alkaline solution with dimethyl] sulphate 
as they direct gave the monohydrated 1-methyl derivative (II) in 60% yield. Alternatively, the monohydrated (1) (3 ¢.) 
was dissolved in a solution of sodium hydroxide (0-64 g., 1 mol.) in water (10 c.c.), alcohol (30 c.c.) added, the mixture 
warmed until the precipitated sodium salt dissolved, methyl iodide (3 g., 1-3 mols.) added and the mixture refluxed for 
5 hours. The monohydrated 1-methyl derivative (II) separated during the boiling, and a second crop was obtained by 
evaporation of the filtrate; the united crops after recrystallisation (water) gave the 1-methy] derivative (II) (1-3 g., 40%) 
identical in properties with that obtained using dimethyl sulphate (Found: for the anhydrous material, C, 36-3; H, 
5°8. Calc. for CgH,O,N,;: C, 35-8; H, 5-5%). (b) The compound (I) was recovered unchanged after it had been 
treated in sodium hydroxide solution with diethyl sulphate (1-5 mols.) at 15—16°, at 50—60° or at 100°. Many variations 
in the order of addition of the hydroxide and sulphate were made but all proved fruitless. The same result was obtained 
in several experiments in which ethyl iodide was used in place of the methyl iodide described above. 

' Alkylation of 1-Methylguanine (III, R = H).—(a) Methylation. Traube and Dudley’s methylation with methy! 
chloride to 1 : 7-dimethyl guanine was confirmed : yield of pure recrystallised product, 31%. 

(b) Ethylation. A solution of (III, R = H) (2-36 g.) in N-NaOH solution (14-3 c.c., 1 mol. NaOH) was diluted m 
turn with alcohol (50 c.c.) and ethyl iodide (4-5 g., 2 mols.) and refluxed for 12 hours. The clear solution was evaporated 
to dryness, and the residue extracted with hot 2% aqueous sodium hydroxide solution (30 c.c.); the filtrate om 
cooling deposited 1-methyl-7-ethylguanine (III, R = Et), colourless needles which after two recrystallisations (water) had 
m. p. 256—257° (preliminary softening) (Found: C, 49-4; H, 5-7. C,H,,ON, requires C, 49-7; H, 5-7%); 0°6 g., 22% 
When aqueous solutions of this guanine and of picric acid were mixed, the guanine picrate was deposited as needles 
which after recrystallisation had m. p. 266° (decomp.) (Found: C, 40-3; H, 3-5; N, 26-5. C,H,,ON,,C,H;,0:s 
requires C, 39-8; H, 3:3; N, 26-5%). 

(c) Propylation. n-Propyl alcohol (50 c.c.) was added to a solution of 1-methylguanine (2-36 g.) in N-NaOH (143 
c.c.), which was then refluxed until clear, n-propyl iodide (5 g., 2 mols.) added and the refluxing continued for 24 hours. 
The solution remained clear on cooling, and it was evaporated to dryness, the residue acidified with dilute acetic acid 
(to decompose any unchanged sodium 1-methylguanine) and again evaporated to dryness. The residue, a mixture of 4 
brown “oe material and colourless crystals, was extracted with boiling alcohol (50 c.c.) in which only the crystals 
dissolved. The alcoholic filtrate, when set aside, deposited two distinct crops: (A) colourless crystals (0-5 g.) which 
separated readily and were collected after 4 hours; m. p. 245—247° (decomp.) : (B) colourless crystals (0-1 g.) which 
slowly separated during several days; m. p. 290—293° (decomp.). 

Crop (A), when recrystallised (alcohol) afforded a hydrated hydriodide of 1-methyl-7-n-propylguanine (III, R = Pr’), 


fine needles, m. p. 245—247° (decomp.), which were unstable when exposed to light and air, rapidly becoming brow!: 
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confinement over phosphoric anhydride readily gave the anhydrous hydriodide, of unchanged m. p., which was 
appreciably more stable (Found, for the hydrated salt: C, 38-0; H, 5-2; N, 23-7; I, 22-3. C,H,,ON,,4HI,H,O requires C, 
37-4; H, 5-4; N, 24-3; I, 220%. Found for the anhydrous salt: C, 39-6; H, 4-6; N, 26-3; I, 22-9. C,H,,ON,,4HI 
requires C, 39-8; H, 5-0; N, 25-8; I, 23-4%). The proportion of base to acid in this salt is noteworthy. When a solution 
of the hydriodide (0-45 g.) in hot alcohol (20 c.c.) was diluted with one of sulphuric acid (0-5 g.) in alcohol (5 c.c.), the 
mixture became brown and deposited the sulphate of the guanine : colourless needles (0-35 g.) (alcohol), m. p. 231—233° 
(Found: C, 35-4; H, 5-1; N, 22-8. C,H,,ON,,H,SO, requires C, 35-4; H, 4:9; N, 23-0%). This salt in aqueous 
solution, treated with aqueous sodium picrate, readily gave the omg gmp needles, m. p. 228—229° (decomp.) (Found : 
c 41-0; H, 3-7; N, 25-95. C,H,,0 5»CgH ,0,N, requires wi 41-3; > 3-7; N, 25-7%). 

Crop (B) was also a hydriodide.. In view of the small amount, it was converted in alcoholic solution directly to the 
sulphate of (1-methyl-9(?)-n-propyl-isoguanine] which, although insoluble in boiling alcohol, was recrystallised readily 
from 50% aqueous alcohol: colourless crystals, m. p. 265° (decomp.) (Found: C, 35-5; H, 4-9; N, 23-4; S, 10-9. 
C,H,;ON,,H,SO, requires C, 35-4; H, 4:9; N, 23-0; S, 105%). The sulphate in turn furnished the picrate, yellow 
needles, m. p. 240—-241° (decomp.), depressed by admixture with the 1-methyl-7-n-propyl isomeride (Found: C, 41-3; 
H, 3-7; N, 25-6. C,H,,0ON,;,C,H,0,N, requires Cc, 41:3; HH, 3-7; N, 25-7%). 

(d) isoPropylation. Preparation (c) was repeated, using isopropyl alcohol and iodide, and the refluxing continued for 
48 hours. After evaporation to dryness, the residue was extracted with boiling alcohol, which on cooling deposited 
]-methyl-(7 ?)-isopropylguanine hydriodide, colourless crystals (0-2 g.) (alcohol), m. p. 265—266° (decomp.) (Found : 
C, 39-9; H, 5-3; N, 25-6; I, 23-3. C,H,,ON,,$HI requires C, 39-8; H, 5-0; N, 25-8; I, 23-4%). Many variations in 


the conditions of this preparation failed to increase the yield. An alcoholic solution, treated with alcoholic sulphuric 
acid, deposited the sulphate, m. p. 249—250° (Found: C, 42-5; H, 5-2; N, 27-2. C,H,,ON,,4H,SO, requires C, 42-1; 
H,5:5; N, 27-3%). An aqueous solution of the latter salt afforded the picrate, yellow needles, m. p. 239—-241° (decomp.) 
(Found: C, 41-5; H, 3-5. C,H,,ON,,C,H,O,N, requires C, 41-3; H, 3-7%). 

(e) B-Hydroxyethylation. Ethyl alcohol (50 c.c.) was added to a solution of l-methylguanine (2-5 g.) in n-NaOH 
(15-25 c.c.), the mixture boiled till clear, ethylene chlorohydrin (4 g., 2 mols.) added and the refluxing continued for 24 


hours. The product was taken to dryness, made just acid with acetic acid and extracted with hot water (20 c.c.), which 
deposited colourless crystals : these after recrystallisation (alcohol) afforded 1-methyl-(7 ?)-B-hydroxyethylguanine mono- 
hydrate (0-15 g.), m. p. 250—260° with preliminary softening (Found: C, 42-25; H, 5-5. C,H,,0O,N,,H,O requires C, 
42:3; H, 5-7%); heating at 130°/15 mm. gave the anhydrous guanine of unchanged m. p. (Found: C, 45-8; H, 5-5; 
N, 33-8. CgH,,0O,N, requires C, 45-9; H, 5-3; N, 33-5%). The aqueous solution gave a picrate, m. p. 240° (decomp.) 
(Found: C, 38-6; H, 3-5; N, 25-9. C,H,,0O,N;,C,H,O,N, requires C, 38-3; H, 3-2; N, 25-6%). 

Conversion of Above Guanines to Xanthines.—(a) The conversion of 1 : 7-dimethylguanine (III, R = Me) tp paraxanthine 
by Traube and Dudley’s directions was confirmed: the paraxanthine, m. p. 296—298°, was obtained¥in 80% yield. 
(b) A solution of sodium nitrite (0-5 g., 2 mols.) in water (2 c.c.) was slowly added to a solution of 1-methyl-7-ethyl- 
guanine (III, R = Et) (0-7 g.) in N-H,SO, (3-7 c.c., 1 mol. H,SO,) kept at 90°. When, towards the end of the addition 
of the nitrite, a solid product began to separate boiling water was added in just sufficient quantity to maintain a clear 
solution: finally the latter was refluxed for 0-5 hour, and on cooling deposited the hemihydrate of 1-methyl-7-ethyl- 
xanthine (IV, R = Et), long silky needles (0-35 g., 49%) after one crystallisation (water), m. p. 225—226° (with pre- 
liminary softening) (Found: C, 47-2; H, 5-4; N, 27-5. C,gH,,O,N,,$H,O requires C, 47-2; H, 5-4; N, 27-5%). This 
material, when heated at 130°/15 mm. for 3 hours, gave the anhydrous xanthine of unchanged m. p. (Found: C, 49-3; 
H, 4-9. CgH,O,N, requires C, 49-4; H, 515%). The picrate, prepared as usual in aqueous solution, separated in fine 
silky yellow needles, m. p. 221—222° (decomp.) (Found: C, 39-9; H, 3-4; N, 23-5. C,sH,O,N,,C,H,O,N, requires 
C, 39-7; H, 3-1; N, 23-2%). (c) A solution of sodium nitrite (0-05 g., 2-1 mol.) in water (1 c.c.) was slowly added from a 
fine capillary dropping-tube to a boiling solution of 1-methyl-7-n-propylguanine sulphate (0-2 g.) in water (2 c.c.), and 
the mixture was refluxed for 15 minutes. Oncooling, l-methyl-7-n-propylzanthine (IV, R = Pr*) separated in long needles, 
which after one crystallisation (water) furnished the #etartohydrate (0-03 g., 46%), m. p. 204—205° (Found: C, 
50-7; H, 6-3; N, 26-0. C,H,,0,N,,4H,O requires C, 50-8; H, 5-9; N, 26-3%). Drying at 130°/0-5 mm. for 3 hours 
gave the anhydrous xanthine of unchanged m. p. (Found: C, 52-3; H, 5-8. C,H,,O,N, requires C, 51-9; H, 5°8%). 
The picrate, prepared as usual, crystallised in yellow needles, m. p. 178—179° (decomp.) (Found: C, 41-7; H, 3-4. 
C,H,,0,N,,C,H,O,N, T uires C, 41-2; H, 3°4%). 

NN’-Dimethyloxamide was converted to 5-chloro-l-methyliminazole by the method of Wallach and Boehringer 
(Annalen, 1877, 184, 51; cf. Wallach, ibid., 1882, 214, 307), and the iminazole, by nitration and subsequent treatment 
be potassium cyanide was converted to 4-nitro-5-cyano-1-methyliminazole (VI) as described by Sarasin and Wegmann 
(loc. cit.). 

4-Nitro-1-methyliminazole-5-carboxylic Acid (X, R = H).—A solution of the 5-cyano-iminazole (VI) (16-5 g.) in con- 
centrated sulphuric acid (175 g., 95 c.c.) was heated at 100° for 2 hours in a flask closed by a calcium chloride tube, and 
then cooled in ice-water and vigorously agitated whilst a solution of sodium nitrite (9 g., 1-3 mols.) in water (30 c.c.) was 
slowly added from a dropping funnel, the stem of which, drawn out to a finé capillary tube, dipped below the surface of 
the acid solution; the addition of the nitrite was adjusted so that the temperature did not rise above 30°. The complete 
mixture was then heated on a boiling water-bath until effervescence ceased (3—5 hours), the solution cooled, poured on to 
ice (500 g.) and set aside overnight. The precipitated 5-carboxylic acid (X, R = H) was then collected, washed with water, 
and purified by dissolving in cold 5% aqueous sodium carbonate solution, filtering from a trace of insoluble impurity 
and reprecipitating with dilute hydrochloric acid. The acid thus obtained (16 g., 92%) had m. p. 161° (effer.) and was 
sufficiently pure for synthetic purposes; for purification, it was recrystallised (water) and obtained in colourless crystals, 
m. p. 163° (effer.) (Found: C, 35-2; H, 3-1; N, 25-1. C,H,0,N, requires C, 35-1; H, 2-9; N, 246%). Sarasin and 
Wegmann give m. p. 160° for the acid obtained from the amide, -but give no analytical identification. 

_The 5-carboxylic chloride was prepared by refluxing a solution of the acid (20 g.) in thionyl chloride (50 c.c.) until 
acid fumes were no longer evolved and a clear solution was obtained. The excess of thionyl chloride was removed (the 
last traces at 18 mm.), the residual oil dissolved in benzene (60 c.c.) and the crude chloride precipitated by the cautious 
addition of ligroin (b. p. 60—80°, 200 c.c.) as an oil which on cooling and scratching ultimately crystallised. For purifi- 
cation, it was collected, washed with petrol, dissolved in hot benzene (60 c.c.), and ligroin (ca. 120-c.c.) then added to 
the boiling solution until a faint permanent turbidity appeared : spontaneous cooling caused the chloride to separate in 
pale yellow plates (21 g., 95%), m. p. 62—62-5° (Found: C, 31-7; H, 2-0; Cl, 18-6. C,H,O,N,Cl requires C, 31-7; 
H, 2-1; Cl, 18-7%). The chloride, being rapidly affected by danip air, was stored in an evacuated desiccator. 

Methylamide of 4-nitro-1-methyliminazole-5-carboxylic acid (VII, R = Me). A solution of methylamine in benzene 
Was added to a vigorously shaken solution of the chloride (5 g.) also in cold benzene (25 c.c.), until the mixture became 
permanently basic: much heat was evolved and the methylamide, mixed with methylamine hydrochloride, rapidly 


ctystallised. The complete mixture was then shaken for a further half-hour, the solid material collected, washed with 
benzene, dried and recrystallised (water); the methylamide was obtained in thick ‘colourless needles (4-5 g., 95%), m. p. 
191-5—192° (Found: N, 30-5. C,H,O,N, requires N, 30-4%). 
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The ethylamide (VII, R = Et) was prepared in 95% yield and ee ee precisely similarly; colourless needles, m. p, 
145—146° (Found: C, 42-6; H, 4:9. C,H,,O,N, requires C, 42-2; H, 50%). The phenylamide (VII, R = Ph) was 
similarly prepared (75% yield) and recrystallised from much water; colourless crystals, m. e 191—192° (Found: ¢ 
53-8; H, 4:5. C,,HyO,N, requires C, 53-7; H, 41%). The p-bromoethylamide (VII, R = CH,°CH,Br) was similarly 
obtained using a benzene solution of freshly prepared B-bromoethylamine : colourless crystals, m. p. 154—155° (Found: 
N, 20-5. C,H,O,N,Br.requires N, 20:3%). The B-hydroxyethylamide (VII, R = CH,°CH,OH) was similarly prepared 
using monoethanolamine, and recrystallised from alcohol: hard colourless crystals, m. p. 148—149° (Found: C, 39-5: 
H, 4:7. C,H O,N, requires C, 39-25; H, 4:7%). This amide was further characterised by refluxing with acetic anhy- 
dride for 1 hour, and evaporating to dryness: recrystallisation (benzene) of the residue gave the f-acetoxyethylamide 
(VII, R = CH,*CH,OAc), needles, m. p. 109—110° (Found: C, 42-1; H, 4:8. C,H,,0,N, requires C, 42-2; H, 4-7%). 

Reduction of the 4-Nitro-methylamide (VII, R = Me) to the 4-Amino-compound (VIII, R = Me).—The first of the follow- 
ing three methods is the most satisfactory and is that used in the complete purine synthesis; only brief details of the 
other methods are given. (i) Raney nickel (0-3 g.) was added to a solution of the methylamide (1-65 g.) in warm alcohol 
(100°c.c.) in a hydrogenation apparatus, the air was removed, and hydrogen passed in at ca. 800 mm. whilst the solution 
was vigorously agitated. Absorption of hydrogen was rapid during the first hour and was complete after three hours, 
when the total absorption (600 c.c., N.T.P.) was that theoretically required for 3 mols. The solution, repeatedly filtered 
to remove nickel and then evaporated in a vacuum at room temperature, gave a crystalline residue (1°35 g.) of the 
4-amino compound (VIII, R = Me), which twice crystallised (acetone-ether, 1:1), had m. p. 149—150° (decomp,) 
(Found: C, 47-1; H, 6-5. C,H, ON, requires C, 46-8; H, 6-5%): 0-95 g., 70%. The amine is freely soluble in cold 
water and in methyl and ethyl alcohols, moderately soluble in cold acetone, and almost insoluble in ether, benzene and 
ligroin. It was further characterised by adding concentrated. hydrochloric acid (3 drops) to a solution of the amine 
(0-2 g.) in hot acetone (10 c.c.), when on cooling and scratching the hydrochloride separated; colourless plates (alcohol- 
ether, equal vols.), m. p. 213° with preliminary darkening (Found: C, 37-7; H, 5-5; Cl. 18-8. C,gH,,ON,,HC1 requires 
C, 37-8; H, 5-8; Cl, 18-8%). 

(ii) Aluminium groats (8 g.) were converted to the amalgam by Mann and Pope’s method (Proc. Roy. Soc., A., 192%, 
107, 86) and immediately covered with a solution of the methylamide (4-5 g.) in warm 95% alcohol (150c.c.). The mixture 
was then gently refluxed for 8 hours, small additions of 95% alcohol being occasionally made to keep the mixture mobile. 
The copious deposit of aluminium hydroxide was then collected, and thrice extracted with hot acetone (150 c.c. in all): 
the filtrate and the extracts were united and evaporated, and the crude crystalline residue (3 g.) after recrystallisation 
(acetone) furnished the 4-amino compound (1-5 g.), m. p. 149—150° (decomp.), unchanged by admixture with that 
prepared by method (i). 

(iii) A solution of the methylamide (2-7 g.) in hot water (50 c.c.) was added to one of hydrated ferrous sulphate (30 ¢. 
also in water (60 c.c.), and aqueous ammonia (d, 0-88, ca. 15 c.c.) then slowly added until the vigorously agitated mixture 
had a permanent odour of ammonia. The complete mixture was boiled for 5 minutes, filtered and the filtrate evaporated 
in a desiccator. The red crystalline residue, after two crystallisations (alcohol) gave a colourless product (0-5 g.), m. p. 
188° (decomp.): this product contained sulphate ions, which were not removed by further crystallisations. It was 
therefore treated in alcoholic solution with picric acid, which precipitated the 4-amino methylamide picrate, needles, 
m. p. 201° (decomp.) (Found: C, 37-8; H, 3-8. C,H ON,,C,H,O,N, requires C, 37-6; H, 3-4%). 

Reduction of the 4-Nitro-ethylamide (VII, R = Et).—(i) In the absence of acids. A solution of the ethylamide (4 g.) in 
hot alcohol (100 c.c.) was reduced precisely as in Expt. (i) above, the theoretical quantity of hydrogen (1360 c.c., N.T.P.) 
being absorbed. The crude crystalline residue, after recrystallisation (acetone), afforded the 4-amino ethylamide (VIII, 
R = Et), colourless needles (2-3 g., 69%), m. p. 137—138° (decomp.) (Found: C, 50-5; H, 6-95. C,H,,ON, requires 
C, 50-0; H, 7-1%). The pure amine rapidly darkened after crystallisation, and in subsequent preparations the base 
was dissolved in warm acetone, and converted by the method described above to the hydrochloride, colourless crystals 
(alcohol-ether), m. p. 189—190° (decomp.) (Found: Cl, 17-5. C,H,,ON,,HCl requires Cl, 17-4%). (ii) Im the presence 
of hydrogen chloride. Preparation of the catalyst: animal charcoal (3 g.), previously purified by extraction first with hot 
hydrochloric acid and then repeatedly with boiling water, was added to a solution of potassium palladochloride (0-8 ¢.), 
and the mixture shaken in a hydrogen atmosphere until absorption (ca. 170 c.c., N.T.P.) ceased. The catalyst was 
collected, washed with water and dried in a vacuum : it could be used for 3—4 consecutive reductions before its activity 
appreciably diminished. For the reduction, this catalyst and concentrated hydrochloric acid (2-2 c.c., 1 mol.) were 
added in this order to a solution of the ethylamide (4 g.) in hot alcohol (100 c.c.), and the agitated mixture hydrogenated 
as usual: absorption, 1350 c.c. (N.T.P.). The filtered solution, evaporated in a desiccator, gave the crystalline 
4-amino hydrochloride, which after recrystallisation (alcohol-ether) had m. p. as above: 3-0 g., 73%. This salt in 
alcoholic solution readily gave the picrate, feathery orange needles, m. p. 182° (decomp.) (Found: C, 39-5; H, 37. 
C,H,,ON,,C,H,0,N, requires C, 39:3; H, 3-8%). 

Reduction of the 4-Nitro-phenylamide (VII, R = Ph).—A mixture of the catalyst, hydrochloric acid (2-6 c.c., 1 mol.) 
and a solution of the phenylamide (5-4 g.) in hot alcohol (150 c.c.) was hydrogenated as in the last experiment : absorp- 
tion, 1480 c.c. (theoretical). The oily residue from the evaporation, when triturated with acetone, gave the crystalline 
hydrochloride of the 4-amino compound (VIII, R = Ph), colourless crystals (2-25 g., 41%) (acetone) which on heating 
slowly darkened and decomposed above 130° without melting (Found: Cl, 13-1. C,,H,,ON,,HCl requires Cl, 126%). 

When similar experiments were performed with the 4-nitro B-bromethylamide (VII, R'= -CH,-CH,Br) in the presence 
of hydrobromic acid, or with the £-hydroxyethylamide (VII, R = -CH,CH,OH) or f-acetoxyethylamide (VII, R= 
*CH,CH,OAc), absorption of hydrogen readily occurred but no crystalline product could be isolated. ; 

Paraxanthine from the: Amino-methylamide (VIII, R = Me).—A solution of the methylamide (0-7 g.) in warm dioxal 
(15 c.c.), to which ethyl chloroformate (2-1 g., 4 mols.) and anhydrous potassium carbonate (2 g., 3-1 mols.) had been 
added, was heated under reflux in a bath at 105° for 4 hours. After cooling, the solid material was collected, extracted 
with boiling alcohol (5 c.c.) to remove any hydrochloride of the unchanged amine, mixed thoroughly with cold water 
(10 c.c.) and made just acid (litmus) with 20% aqueous acetic acid. The undissolved paraxanthine was collected, washed 
with ice-water (2 c.c.) and recrystallised (water, 10 c.c.) : fine needles (0-5 g., 61%), m. p. 297—299°, unaffécted by admx- 
ture with an authentic sample (Found : C, 46-9; H, 4-6; N, 30-9. Calc. for C,H,O,N,: C, 46-7; H, 4:4; N, 31:1%)- 
The yield could be increased by heating the above mixture for much longer periods (ca. 24 hours): the hydrogen chloride, 
liberated by the initial action of the ethyl chloroformate, precipitated some of the unchanged amine as its hydrochloride, 
which being almost insoluble in dioxan reacted only very slowly with the potassium carbonate. The conditions cited 
above are therefore preferable, the unchanged amine being recovered as follows: The alcoholic extract was evaporated 
to dryness, and the residual hydrochloride then ground to a thick paste with an excess of potassium carbonate moistened 
with water, and finally extracted with boiling acetone. The filtered extract on evaporation gave the crystalline amie 
methylamide which after one recrystallisation (acetone-ether) was pure: m. p. 149—150° (decomp.). The paraxanthine 
was further characterised by conversion to the picrate, m. p. 247—249° (decomp.) (Found: N, 24-2. Calc. for 
C,H,O N ,C,H,O,N, $ N, 24-0%). 4 : 
7-Methyl-1-ethylzanthine.—A solution of the hydrochloride of the 4-amino ethylamide (VIII, R = Et) (2°5 g.) ™@ 
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mixture Of dioxan (15 c.c.) and alcohol (2 c.c.), to which potassium carbonate (2-5 g., 1-8 mols.) had been added, was 
heated at 105° for 0-5 hour with shaking. Ethyl chloroformate (3-3 g., 2-9 mols.) was then added, and the heating 
continued for a further 15 hours, with additions of the carbonate (0-5 g.) and the chloroformate (0-5 g.) at 2-hourly 
intervals. The product was then evaporated on a water-bath to dryness, and the crystalline residue extracted with boil- 
ing alcohol (5 c.c.) to remove any unchanged hydrochloride of the amine. The final residue, after acidification with 
acetic acid as before, followed by two crystallisations (water) gave 7-methyl-l-ethylxanthine, long colourless needles, 
m. p. 238—239° (Found: C, 49-8; H, 5-2; N, 28-5. C,H,,O,N, requires C, 49-5; H, 5-15; N, 28:8%): 0-8 g., 47% 
yield, allowing for recovered hydrochloride. The xanthine in aqueous solution gave a picrate, m. p. 217—-218° (decomp. 
(Found: N, 23-0. C,H, O,N,,C,H,O,N, requires N, 23:2%). : 

4-Nitro-1-methyliminazole-5-carboxylic Esters.—A mixture of the 5-carboxylic chloride (3 g.) and methanol (6 c.c.) 
was boiled for 2 minutes, diluted with water (20 c.c.) and cooled; the methyl ester (X, R = Me) rapidly separated, and 
alter recrystallisation (aqueous methanol) gave colourless crystals, m. p. 127—-128° (Found: C, 39-0; H, 3-9. C,H,O,N, 
requires C, 38-9; H, 3-8%): 2-6 g., 96%. The ethyl ester (X, R = Et, similarly prepared and recrystallised (aqueous 
alcohol), formed long needles, m. p. 100—101° (Found: N, 21-4. C,H,O,N, requires N, 21-1%): yield, almost 
uantitative. 

1 Reduction of the 4-nitro-5-carboxylic esters. (i) Raney nickel (ca. 0-2 g.) was added to a solution of the 4-nitro methyl 
ester (X, R = Me) (1-6 g.) in methanol (50 c.c.), which was hydrogenated as usual, the theoretical absorption (545 c.c., 
N.T.P.) being complete in 3 hours. Evaporation of the filtered solution gave a crystalline residue of the 4-amino-5- 
carboxylic methyl ester (XI, R = Me), colourless crystals (1 g.) (benzene), m. p. 126—127° (Found: C, 46-6; H, 5-7. 
C,H,O,N, requires C, 46-4; H, 5-8%). The amine readily formed a picrate, m. p. 236° (decomp.) (Found: C, 37-9; 
H,33. C,gH,O,N;,C,H,O,N, requires C, 37-5; H, 3-1%). When concentrated hydrochloric acid was cautiously added 
to an acetone solution of the amine, the hydrochloride readily crystallised : colourless crystals (alcohol-ether), m. p. 
183° (decomp.) (Found: Cl, 19-0. C,H,O,N;,HCI requires Cl, 18-6%). 

The hydrochloride was also prepared by direct reduction. The palladium catalyst (described above) and concentrated 
hydrochloric acid (2-3 c.c., 1 mol. acid) were added to a solution of the 4-nitro methyl ester (X, R = Me) (3-7 g.), which on 
hydrogenation absorbed the theoretical amount of hydrogen (1345 c.c., N.T.P.) in 3 hours. The filtered solution was 
evaporated to dryness in a vacuum, and the crystalline residue extracted with warm alcohol; the alcoholic extract on 
dilution with ether deposited the pure hydrochloride (3 g., 79%), m. p. 183° (decomp.). (ii) Repetition of the last 
experiment, using the palladium catalyst and a solution of the 4-nitro ethyl ester (X, R = Et) gave the hydrochloride of 
the 4-amino-1-methyliminazole-5-carboxylic ethyl ester (XI, R = Et), colourless crystals (alcohol-ether), m. p. 190° (decomp.) 
(Found: Cl, 17-6. C,H,,0O,N;,HCl requires Cl, 17-3%). 

Many attempts were made to condense the above amino-esters with ethyl chloroformate to form the 4-ethylcarbamido 
derivatives; in spite of a wide variety of conditions employed, however, all attempts failed, only the unchanged amines 
(or their hydrochlorides) being subsequently isolated. 

4-Nitro-5-cyano-2-methyl-1-ethyliminazole—A solution of the 5-chloro-iminazole (38 g.) in absolute ethyl alcohol 
(200 c.c.), to which potassium cyanide (26-5 g., 2 mols.) and potassium iodide (1-1 g., 0-32 mol.) had been added, was 
tefluxed for 6 hours and the solventremoved. The dark brown residue was extracted with water (200 c.c.), and the insoluble 
oil thrice extracted with chloroform (300 c.c. in all). The united chloroform extracts were dried (sodium sulphate) and 
distilled, the 5-cyano-iminazole being obtained as a colourless liquid, b. p. 170—172°/0-05 mm., which crystallised after 


ri days and then had m. p. 70—71° (Found: C, 46-6; H, 4-5. Calc. for C,H,O,N,: C, 46-7; H, 44%): 30¢., 


0 
4-Nitro-2-methyl-1-ethyliminazole-5-carboxylic Acid (XIV).—This was obtained precisely as the l-methyl acid (X, 


The remainder of the oil, in warm acetone solution, was precipitated as the hydrochloride by the usual method : 
, m. p. 169° (decomp.) (Found: C, 46-4; H, 7-3; Cl, 15-2. C,H,,ON,,HCl requires 
46-4; H, 7-3; Cl, 15-3%): yield, ca. 30%. 

(ii) A solution of the 4-nitro compound (8-7 g.) in alcohol (120 c.c.) to which the palladium catalyst and concentrated 
hydrochloric acid (4-5 c.c., 1 mol. acid) had been added readily absorbed the theoretical quantity of hydrogen (2585 c.c., 
NTP), _The filtered solution, when taken to dryness in a vacuum, gave a partially crystalline residue, from which on 
Tectystallisation the pure hydrochloride, m. p. 169° (decomp.), was obtained: 4 g., 45%. 

The low yields in these two reductions are apparently due to decomposition during the evaporation in the vacuum : 
i each case the.initial filtrate was colourless, but evaporation of the first solution caused a green coloration, and that 
of the second solution a deep yellow coloration, to develop. More rapid evaporation by distillation under reduced 
Pressure accelerated the decomposition without increasing the yield. ; 

§-Methyl-1 : 7-diethylxanthine (XV1).—A mixture of the above hydrochloride (1 g.), dioxan (5 c.c.) and potassium 
carbonate (1-5 g., 2-5 mols.) was heated under reflux at 105° for 0-5 hour. Ethyl chloroformate (2-1 g., 4°2 mols.) was 

added, and the heating continued for 6 hours with alternate additions of carbonate (0-5 g.) and chloroformate (0-5 g.) 
athourly intervals. The product, worked up as previously deseribed, afforded the xanthine (XVI), colourless crystals 
(rater), m. p. 235—236° (Found : C, 54-2; H, 6-6; N, 25°7. C,9H,,O,N, requires C, 54-0; H, 6-3; N, 25:2%): 0-3g., 
md The xanthine is only sparingly soluble in hot water, and almost insoluble in cold water and the usual organic 
: vents, In aqueous solution it readily afforded a picrate, yellow needles, m. p. 206—207° (decomp.) (Found : C, 42-8; 

36; N, 22-0. C,9H,,0,N,,C,H,O,N, requires C, 42-6; H, 3-8; N, 21-7%). ‘ 

1; 1-Diethylxanthine-—Chlorination of the 8-methyl group in the xanthine (XVI) proceeds readily, but care is necessary 

obtain the pure trichloro compound. For this purpose, the powdered xanthine (XVI, 0-9 g.) was dissolved in a solu- 
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tion of chlorine (2-3 g., 3-5 mols.) in phosphorus oxychloride (15 c.c.), and the clear product heated at 50° for 1-5 hours, 
Removal of the oxychloride at 18 mm. left an oil which rapidly crystallised when triturated with water (1 drop) and, 
when dried and recrystallised (cyclohexane), furnished 8-trichloromethyl-1 : 1-diethylxanthine, colourless needles, m. p, 
149—150° (Found: C, 37-5; H, 35; N, 17-5. Cy H,,0,N,Cl, requires C, 36-9; H, 3-4; N, 17-2%): 0-6 g., 18%. 

A suspension of this trichloro compound (0-35 g.) in water (30 c.c.) was refluxed for 1 hour, when a clear solution had 
formed and carbon dioxide evolution had ceased. The solution, concentrated to 10 c.c. and cooled, deposited 
1 : 7-diethylxanthine hemihydrate, colourless needles (water), m. p. 191—192° (Found: C, 50-0; H, 63; N, 25-4. 
C,H,,0,N,,$H,O requires C, 49-8; H, 6-0; N, 25-8%) : the hydrate, heated at 130°/15 mm. for 3 hours, gave the anhydrous 
xanthine of unchanged m. p. (Found: C, 51:8; H. 58. C,H,,0,N, requires C, 51-9; H, 5-8%): 0-15 g., 75%. The 
xanthine in aqueous solution gave a picrate, m. p. 215—-216° (decomp.) (Found: C, 41:3; H, 3-7. C,gH,,0,N,,C,H,0,N, 
requires C, 41-2; H, 3-4%). 

Pavaxanthine from Caffeine.—(The following experimental work was carried out by Mr. J. Harley-Mason, for whose 
collaboration we are greatly indebted.) The most ready preparation of paraxanthine has hitherto been Fischer and 
Ach’s method (Joc. cit.) whereby caffeine is converted to 8-chlorocaffeine which is then further chlorinated at 170° without 
a solvent to 3-chloromethyl-8-chloro-paraxanthine which on hydrolysis and reduction furnishes paraxanthine. The 
yield is low, however, largely owing to the difficulty in controlling the second chlorination. We have improved the 
method considerably by using o-dichlorobenzene as a solvent, and have also modified it for the preparation of 1-methyl. 
xanthine: the yield of the latter is low, but the accessibility of the starting materials makes it a valuable preparative 
method. 

A mixture of 8-chlorocaffeine (40 g.) and o-dichlorobenzene (redistilled, b. p. 165—175°) (80 c.c.) containing a small 
crystal of iodine was boiled under reflux whilst chlorine was passed through sufficiently rapidly for an excess to escape 
throughout the operation. After 1-5 hours, the mixture was steam-distilled (for ea. 2 hours), the residual solution 
(ca. 500 c.c.) slowly evaporated to 150 c.c., and set aside overnight. The solid which had separated was collected, dis. 
solved in hot dilute sodium hydroxide solution, and the sodium salt of the 8-chloroparaxanthine then precipitated by the 
addition of 30% sodium hydroxide solution. The dissolution and precipitation of the sodium salt were repeated, and the 
purified salt was then dissolved in hot water and decomposed with acetic acid. 8-Chloroparaxanthine (12 g.) was thus 
precipitated, and another crop (2 g.) separated from the steam distillate during 2—3 days: reduction using hydriodic 
acid and phosphonium iodide (Fischer and Clemm, Ber., 1898, 31, 2622) gave paraxanthine, which was purified by 
recrystallisation from hot water. 

To prepare 1-methylxanthine, the above chlorination was continued for 3-5 hours, and the dichlorobenzene mixture 
then set aside for 3 days. The considerable crystalline deposit (mainly trichlorocaffeine) was then collected, dissolved 
in boiling acetic acid (50 c.c.), boiling water (200 c.c.) added, and the mixture boiled for 6 hours, during which period 
formaldehyde was evolved and the volume reduced to ca. 100 c.c. The solution, when set aside for 2 days, deposited 
8-chloro-1-methylxanthine, which was purified via the sodium salt as described above, and then reduced by Fischer 
and Clemm’s method to 1-methylxanthine (Found: C, 43-0; H, 4:3; N, 33-2. Calc. for C,H,O,N,: C, 43-4; H, 346; 
N, 33-7%) : 6g. The success of this preparation depends on the extent of the chlorination, which however can be judged 
only by experience with the particular apparatus employed. 


We are greatly indebted to Dr. C. B. Allsopp and Dr. G. S. Carter for their collaboration, to Professor J. M. Gulland, 
F.R.S., for the isoxanthines employed, and to the Department of Scientific and Industrial Research and the Medical 
Research Council for grants (J. W. G. P.). 
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197. Absorption Spectra of Acridines. Part III. The Hydroxyacridines. 


By ADRIEN ALBERT and L. N. Snort. 


The absorption spectra ofthe five isomeric monohydroxyacridines have been determined, and the tautomeric 
character of certain of these isomerides demonstrated. Comparison is made with the spectra of acridine and 
the five monoaminoacridines (Part I, Craig and Short, this vol., p. 419; Part II, Turnbull, ibid., p. 441). 


4-HyDROXYACRIDINE, when first prepared by Albert and Ritchie (J., 1943, 461), was a yellow substance giving 
yellow, green, and blue solutions in benzene, 90% and 20% aqueous alcohol, respectively, and it was suggested 
that the blue substance was a tautomer corresponding to the blue 10-methylacrid-4-one (I; Nitzsche, Angew. 
Chem., 1939, 52, 517). This implies an amido-amidol prototropy involving the oxygen and nitrogen atoms as 
in (II, a and 6), the equilibrium changing with the composition of the solvent. Similar.tautomeric pairs cal 


be written for the 2- and the 5-isomeride although these show little visible change in colour with changes of 
solvents. i 
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Accordingly it was decided to investigate the ultra-violet and visible absorption spectra of the five hydroxy: 
acridines, using as solvents absolute alcohol, 67% ‘and 33% aqueous alcohols, and where solubility permitted, 


20% aqueous alcohol (all v. /v.). From knowledge of the dissociation constants of the isomerides (Albert and 


Goldacre, J., 1943, 454) it was plain that their spectra would not be distorted by anionic or kationic species in 
these solvents. 


Inspection of the results (Figs. 1—5) shows that no significant alteration has taken place in the spectra of 
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1- and 3-hydroxyacridine and this is in agreement with the fact that no tautomeric pairs of the type (II, a 
and b) can be written for these compounds. It is true that prototropy involving the 5-carbon atom is conceiv- 
able for these two isomerides and would involve keto-forms of the type (III). The latter class of compound, 
stabilised in the keto-form by substituting both hydrogens in the 5-position with alkyl groups, has been in- 
vestigated by Kehrmann, Goldstein; and their collaborators (Helv. Chim. Acta, 1926, 9, 222;. 1928, 11, 245, 
478) and its members do not resemble 1- or 3-hydroxyacridine spectrographically or otherwise. These two 
isomerides are therefore assigned the orthodox formul# for hydroxyacridines, as (II }). 

4-Hydroxyacridine shows in dilute alcohol a marked shift in the ultra-violet in addition to the remarkable 
shift in the visible which suggested the present investigation. The spectrum obtained in absolute alcohol 
must be that of the pure enol because it so closely resembles the spectrum of 1-hydroxyacridine which is enolic 
(see Fig. 6). The altered spectrum obtained in 20% aqueous alcohol is accordingly due to the presence of the 
keto-form, the characteristic blue colour of which resembles the non-enolising ketone (I). This response to 
change in solvent is in agreement with experience that a rise in dielectric constant (in the present case from 24 
in absolute alcohol to 67 in 20% alcohol) stabilises the ketonic form bécause the latter is more polar than the 
enolic form (Branch and Calvin, ‘‘ The Theory of Organic Chemistry,’’ New York, 1941, p. 296). In passing, 
it may be noted that the kation and anion of 4-hydroxyacridine are orange and red, respectively. 
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2-b ydroxyacridine gave what seemed to be a mixed spectrum in absolute alcohol, suggesting that its 
ketonic form is relatively more stable than that of the 4-isomeride. It was decided to reduce both the dielectric 
constant and the hydrogen-bonding properties of the solvent by the addition of as much ether as possible. 
In a 9: 1 (v./v.) ether—alcohol mixture (dielectric constant = 6), a spectrum was obtained that must be that 
of the pure enol because of its close resemblance to that of 3-hydroxyacridine, which is always enolic (see Fig. 7). 
The radically different spectrum of 2-hydroxyacridine in 20% aqueous alcohol suggests that the latter solvent 
has shifted the equilibrium until the ketonic form is almost the only form present. 

5-Hydroxyacridine (‘ acridone’’) showed no change comparable to those observed in the 2- and the 
4-isomeride. In absolute alcohol a new band was developed at 3080 a., the significance of which is not clear 
at present. The poor solubility of this substance in other solvents prevents a more searching investigation. 
None of its spectra corresponds to the other hydroxyacridines, and it is recalled that among the aminoacridines 
the 5-isomeride was also outstanding in this respect (Turnbull, Joc. cit.). A preliminary investigation of the 
spectrum of anthrone and anthranol suggests that, in the solvents used in this study, 5-hydroxyacridine exists 
in the enolic rather than in the ketonic form. Nevertheless, 5-hydroxyacridine differs sharply from its 
isomerides in having a depressed acidic function; e.g., it will not dissolve in n/10-sodium hydroxide (Albert 
and Goldacre, Joc. cit.). 

In conclusion it should be noted that the spectra of the enolic forms of 1-, 2-, 3-, and 4-hydroxyacridine 
closely resemble the spectra of the un-ignised molecules of the corresponding aminoacridines in aqueous methanol 
at pH 11 (Turnbull, Joc. cit.), thus adding weight to the conclusion of Craig and Short (loc. cit.) that none 
of these un-ionised aminoacridines (which they examined in neutral dioxan) is to be represented as al 
imine. 

Details of the chief bands of the hydroxyacridines are set out in the table, together with the corresponding 
values for acridine taken from Craig and Short (loc. cit.). 
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2510 
2530 2950 
2540 2960 


* A = Dioxan; B = absolute alcohol; C = 67% aqueous alcohol; D = 33% aqueous alcohol; E = 90% ether- 
10% alcohol; F = 20% aqueous alcohol. 
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Ta Summary of the chief bands of acridine and the hydroxyacridines (in A.). 
-Elv- I. II. III. IV. . VI. 
und, Acridine. Solvent.* A max. loge. Amax. loge. A max. .’ Amax. : . loge. Amax. loge. 
1 m- A 2520 385-2 3390 a 
245, B 2570. 4: 3460 3-55 
two Cc 2570 ° as 3460 3-4 3°6 3°55 
D 2570 , 3460 3°5 3-6! 3-60 
‘able E 2550 . 3400 3°7 3-9 3°75 
cial B 2560 4-9 3 3400 3-7 3-6 3-6 
nolic F 2600 4-4 3400 3°8 4-1 4-2 
f the B 2540 5-0 — 3400 36 3-85 3-7 
et Cc 2540 5-0 = 3400 3°6 3°85 3-7 
ad F 2540 5-0 — 3400 3-65 3-9 3-7 
m 24 B 2600 4-8 a 3410 3-4 3°55 3°5 
1 the Cc 4:8 3-4 3-6 3-4 
F 4-8 3°5 3-7 3-4 
B 4-7 3-1 3°8 3-8 
Cc 4:8 3-9 3-9 
D 3-9 
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EXPERIMENTAL. 


The ultra-violet absorption spectra were determined by means of a Hilger spectrograph fitted with a Hilger rotating 
sector spectrophotometer. The light source was a condensed iron spark. The long-wave portion of the spectrum of 
4-hydroxyacridine was visually examined with a Hilger—-Nutting absorption spectrophotometer using a ‘‘ Pointolite ”’ 
light source. 


We thank Mr. D. Craig and Mr. A. Maccoll for their interest in this work, which has been supported, in part, by the 
National Health and Medical Research Council. 
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198. Studies in the Detoxication of Catalyst Poisons. Part II. The Use of 
Various Oxidising Agents for the Detoxication of Cystein. 


By Epwarp B. MAXxTED. 


The use of perphosphoric acid, potassium persulphate, hydrogen peroxide and dilute nitric acid as reagents 
for the detoxication of cystein in a hydrogenation system containing a platinum catalyst has been studied further. 
Perphosphoric acid in the presence of hydrogen peroxide is probably the most satisfactory reagent of this 
group. This solution, at the dilution used, does not appreciably attack the double bond of the unsaturated 
substance in which the cystein occurs as a poison. Except for persulphates, the detoxicating effect is greatly 
increased if the addition of the reagent (or of hydrogen peroxide in the case of a per-acid made from this) is 
made in more than one step. 
it its ’ 
ctric MP THE present paper should be read in connection with earlier work (J., 1941, 132; this vol., p. 204) on the con- 
sible. @™ Version of small concentrations of catalyst poisons into non-toxic forms. It gives a more detailed description 
that fof the effectiveness of a number of oxidising agents (excluding metallic per-acids, which are dealt with in Part 


" 


g.7). MMIII) for the detoxication of cystein contained as an impurity in a hydrggenation system. The principles and 
lvent @™the general technique have already been discussed. 


| the EXPERIMENTAL. 


clear The hydrogenation charge taken for each run consisted of 0-075 g. of stock platinum catalyst, poisoned by. 10-5 
tion. #Rs-Mol. of cystein and suspended in a liquid system containing 5 c.c. of a 2N-solution of crotonic acid in acetic acid and 
dines 5c.c. of water (including the water introduced with the cystein and with the detoxicant, both of which were added in 
¢ the dilute aqueous solution). Hydrogenation was, as before, carried out at 27° in a shaker. The above charge of platinum, 
aide whore of poison, gave a zero-order reaction rate corresponding with the absorption of 30-4 c.c. of hydrogen per 
n its Before beginning the detoxication work, the toxicity of cystein towards the standard charge of platinum catalyst was 
Ibert determined in the absence of detoxicants, since this curve provided data which could be used for calculating, from an 
observed reaction velocity, the amount of cystein still present in a toxic form in the detoxication tests. It will bé seen 
idine m Fig. 1 that the amount of cystein (10-§ g.-mol.) adopted as the standard charge of poison in the detoxication runs 
1 Was sufficient to suppress the activity of the catalyst almost completely. In this figure, the activity of the catalyst 
hanol #agat the various stages of poisoning is expressed as a percentage of the original activity. 
none Detoxication by Persulphate.—The results of adding various amounts of potassium persulphate to the standard hydro- 
13 al getation charge before the commencement of hydrogenation are shown in Curve I of Fig. 2, in which the vertical axis 
;,pesents the activity of the catalyst, after detoxication, expressed as a percentage of its unpoisoned activity. After 
le addition of the detoxicating reagent, the whole charge was heated to 100° for about 10 minutes to destroy the excess 
nding Persulphate, which decomposed in the presence of the platinum. It was then cooled to 27° and hydrogenated. - The 
ose agreement of the individual hydrogenation runs with a zero-order reaction path has already been illustrated in 
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the figures of Part I; and the slope of the linear absorption—time graphs (i.e., the rate of absorption of hydrogen in c,¢. 
per minute) was, as before, taken as a measure of the catalytic activity. 
Persulphates are not very satisfactory detoxicating agent, 
Fic. 1. since, if they are added in quantities sufficient to cause , 
100% substantial degree of detoxication, they also attack th 
double bond of the unsaturated substance (see the collectiye 
table given later). For this reason, tests were not carried out 
with concentrations of persulphate higher than those showy 
in the figure. They also differ from the other detoxicants 
in that the addition of the reagent in more than one step, in 
the manner described in the next section, does not, as fa 
as could be seen from the present tests, give an improved 
detoxication effect. Thus, the points denoted by crossej 
circles in the figure were given in runs in which the amount 
of persulphate indicated was added in two equal portions, 
It will be seen that these points fall approximately on the 
curve for a one-stage addition, in place of on a higher curve, 

Detoxication with Hydrogen Peroxide.—The detoxicating 
activity of commercial specimens of hydrogen peroxide 
although low for a single-stage addition, appears to be higher 
than was previously found: moreover, the effect obtained 
is greatly increased if the addition is made in stages. This 
also is shown in Fig. 2. 

In Curve II of this figure, the hydrogen peroxide was 
added all at once to the charge containing the poison. In 
Curve III, the total amount of hydrogen peroxide indicated 
in the abscisse was added in two separate equal parts, 

4 After any addition of hydrogen peroxide, the system was 

0 Yaseen ¥ heated to 100° for 10 minutes to destroy the excess of 
0 0-2 0-4. 0-6 0-8 70 peroxide. In general, the visible evolution of oxygen ceased 
Poison content: g-mol.x jor of cystein. after the first minute or so of the heating period. In many 
’ of the runs in the series involving a two-stage addition of 

the detoxicant, it was found convenient to measure in a single run the effect of each addition. Where this was done, 
hydrogenation was carried out, after the first addition of the detoxicant, for a sufficient time to determine the first reaction 
rate (usually until about 100 c.c. of hydrogen had been absorbed), following which the hydrogenation was interrupted, 
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the second part of the detowicant added, and the hydrogenation resumed. This procedure, involving an interrupted 
hydrogenation run, is however not necessary, since the improved detoxication given by two-stage addition was also 
obtained if both portions of the detoxicant were added before beginning the hydrogenation : thus the point marked by a 
full black circle in Curve III resulted from the addition, before hydrogenation, of two successive charges, each of 
3.6 x 10° g.-mol. of hydrogen peroxide. The form of the detoxication curve for hydrogen peroxide should be noted, 
in that the detoxication rose, under the conditions of Curve III, to a limiting value (about 73%) which did not increase 
further even if considerably greater amounts of the detoxicant were employed. i ; 

It is possible that some of the detoxication obtained with the available supplies of hydrogen peroxide may be due 
to its mineral acid content, since the A.R. hydrogen peroxide used for much of the work is stated to contain 10-* g.-equiv. 
of an unspecified mineral acid per c.c. and since the efficacy of hydrogen peroxide is known to be raised by acids which 
react with it to form per-compounds (cf. the present results with perphosphoric acid). The effectiveness of specially 
purified hydrogen peroxide is being examined and will be reported later. In the meantime, the present results represent 
the degree of detoxication which is obtained with ordinary commercially pure peroxide. : 

Detoxication with Perphosphoric Acid.—Monoperphosphoric acid, H,PO,, is stated in the literature to result from the 
action of concentrated hydrogen peroxide on phosphoric oxide. In making up the solutions for detoxication, a yaried 
small quantity of this oxide was weighed out in a stoppered tube, with precautions against access of atmospheric moisture 
during its transfer, and to it was added, at 0°, 4-5 x 10-* g.-mol. (about 0-15 g.) of hydrogen peroxide in the form of its 
“190-volume’’ solution. The reagent was then diluted, usually with 1 c.c. of ice-cold water, and added to the hydrogen- 
ation charge containing the cystein to be detoxicated. After the usual destruction of the excess of hydrogen peroxide 
by heating, hydrogenation was carried out for a sufficient time to measure the detoxication. In general, in this series of 
tests, the effect of a second addition of 4-5 x 10-* g.-mol. of hydrogen peroxide (but no further phosphoric oxide) was 
also measured, in a single interrupted hydrogenation run as already described in connection with detoxication by hydrogen 

roxide. 
é It may be noted that, although no further phosphoric oxide was added with the second addition of peroxide, there is 
evidence that perphosphoric acid is re-formed from the additional hydrogen peroxide and the residual phosphoric acid 
present in the system: thus, quite small quantities of residual phosphoric acid (even of the order which remains after 
an imperfect washing out of a hydrogenation pipette between runs) are sufficient to raise the detoxicating activity of 
hydrogen peroxide to a value higher than that of hydrogen peroxide alone. It seems probable that, in this process, the 
hydrogen peroxide acts as an oxygen reserve for the continuous regeneration of perphosphoric acid. 

The results of this series of tests are included.in Fig. 2, in which Curve IV relates to a single-stage and Curve V to 
a two-stage addition of hydrogen peroxide to the quantity of phosphoric oxide indicated by the abscisse. The scale for 
this oxide has been made one-half of that used for the persulphate, since half a molecule of P,O, (as H,PO,) is equivalent 
to one molecule of K,S,O, from the standpoint that each gives a single atom of available oxygen. The amounts are, 
however, not strictly comparable on account of the action of hydrogen peroxide both as a detoxicant in itself and as a 
probable regenerator of perphosphoric acid. 

It will be seen from the figure that far higher detoxications are obtained with this reagent than with hydrogen per- 
oxide alone and that, in the two-stage addition curve, complete detoxication resulted with all amounts of phosphoric 
oxide higher than about 0-6 x 10-* g.-mol. In one case, a three-stage addition of hydrogen peroxide, in increments of 
45 x 10° g.-mol., was tried. This gave complete detoxication (absorption of hydrogen at the rate of 31-0 c.c. per 
minute, compared with a blank rate of 30-4 c:c.) with only 0-0045 g. (0-032 x 10-* g.-mol.) of phosphoric oxide. 

Detoxication with Nitric Acid.—Since nitric acid oxidises thiols to sulphonic acids, it was considered of interest to 
study the effectiveness of dilute nitric acid as a detoxicant for cystein. It was added, in the form of an appropriate 
quantity of N- or 0-2N-solution, to the standard hydrogenation charge containing 10-® g.-mol. of cystein and was of course 
further diluted by the water present. The system, after addition of the detoxicant, was as before heated to 100° for 
10 minutes, then cooled to 27° and hydrogenated; but nitric acid, unlike hydrogen peroxide and most per-acids, has the 
disadvantage that any present in excess of that used in the detoxication cannot be removed by boiling. Good detoxic- 
ation was however obtained, particularly for a two-stage addition. This is shown in Fig. 2, in which Curves VI and VII 
tefer, as usual, to one-stage and two-stage addition of the detoxicant. It will be seen that substantially complete detoxic- 
ation was obtained by adding two successive increments of 0-5 x 10-* g.-mof. of the acid. 


DISCUSSION. 


In connection with all the above detoxicants, it may be noted that the percentage of cystein eliminated is, 
by reason of the form of the toxicity curve, considerably higher than the percentage detoxication expressed, 
as has been done throughout the paper, on the basis of the recovery in the hydrogen absorption rate: thus it 
will be seen from Fig. 1 that the destruction, by detoxication, of the first portions of cystein has little effect 
on the hydrogenation rate and that, for instance, a 50% detoxication (i.e., g hydrogenation rate, after detoxic- 
ation, of 15-2 c.c. per minute, with a blank rate of 30-4 c.c.) would correspond with a residue, in a toxic form, of 
only 0-3 x 10 g.-mol. out of the 1 x 10 g.-mol. of cystein originally present, viz., with a 70% destruction 
of the poison. 

Action of the Reagents on the Unsaturated Substance.—Detoxication ha$, in practice, to be carried out on 
small concentrations of catalyst poisons contained as impurities in a large excess of the unsaturated substance 
which is to be hydrogenated. For this reason it is desirable that the detoxicant should, as far as is possible, 
hot react with the ethylenic or other unsaturated bond in this substance in such a way as to cause losses by 
fission. The destruction of the unsaturated substance (crotonic acid in the present work) is most readily 
followed by comparing the total volume of hydrogen required for saturating the standard charge, after 
detoxication, with the corresponding hydrogen value observed in blank runs without detoxication. Any destruc- 
tion of the unsaturated substance should be more pronounced in the runs in which a relatively large amount of 
detoxicant has been added. 

_ The use of the hydrogen value as an accurate measure of the amount of unsaturated substance present 
involves the condition that no significant amount of the reagent added for detoxication shall remain in a form 
which it may itself absorb hydrogen. In the case of hydrogen peroxide and of most per-acids, the excess 
tan, by virtue of their decomposition in the presence of the catalyst, be destroyed by boiling before the hydro- 


§enation is begun; but, if nitric acid is used, this would probably, at the dilutions employed, largely remain 
48 such, 





Maxted and Marsden : 


The total hydrogen absorption observed with some of the higher concentrations‘of all the detoxicants deaj 
with in the present paper is contained in the following table, in which all volumes are reduced to N.T.P. jy 
the case of perphosphoric acid, the strength is, as in Fig. 2, expressed in terms of the g.-mol. of P,O, used iy 
making up the reagent, details of which have already been given. With the exception of the persulphate, aj 
the runs involved a two-stage application of reagent. 


Amount Total vol. of Amount Total vol, of 
added, hydrogen added, hydrogen 

Detoxicant. g.-mol. x 10-°. absorbed, c.c. Detoxicant. g.-mol. x 10-*. absorbed, c¢, 
(Blank 223) Hydrogen peroxide . 223 
Persulphate . 215 . 221 
. 214 / 225 
. 208 ‘ 226 
Perphosphoric acid . 222 - Nitric acid . 226 
. 224 : 226 

223 


It will be seen that the persulphate is the only reagent for which there is evidence for an appreciable destruc. 
tion of the unsaturated substance and that, with all the other detoxicants, the hydrogen values are withiy 
+3 c.c. of the blank. This corresponds with the probable margin of error in adding the crotonic acid. Th 
close agreement with nitric acid is unexpected and needs further study. 


The author wishes to thank the Department of Scientific and Industrial Research for a grant. 
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199. Studies in the Detoxication of Catalyst Poisons. Part III. The 
Detoxication of Cystein with Metallic Per-acids. 


By Epwarp B. MAxTEpD and ARTHUR MARSDEN. 


This paper gives further details of the use of metallic per-acids for the suppression of the toxicity of cystein 
towards a platinum catalyst in catalytic hydrogenation. Complete restoration of the activity of catalysts, 
previously poisoned to about 1% of their original activity, was obtained by using detoxicating solutions con- 
taining small quantities of pertungstates, permolybdates or pervanadates. Pertitanates and peruranates are 
less effective. These reagents do not appreciably attack the double bond of the unsaturated substance 
undergoing hydrogenation. 


A PRELIMINARY account of the use of metallic per-acids as reagents for the conversion of various types of 
catalyst poisons containing sulphur into derivatives which are no longer toxic towards metallic catalysts in 
catalytic hydrogenation has already been given (Part I, this vol., p. 204). The efficacy of some of these per- 
acids for the detoxication of cystein has now been studied in greater detail. 

Some of the metallic per-acids (particularly pertungstic, permolybdic and pervanadic acids or their salts), 
which are formed by the action of hydrogen peroxide on suitable derivatives of these metals, are highly active 
detoxicants; and complete detoxication of the catalyst poison can be obtained by adding moderate amounts 
of the reagent in one step. They do not, as a class, appreciably attack the unsaturated substance which is 
to be hydrogenated and in which the poison is present as an impurity; moreover, they are, unlike many of 
the non-metallic per-acids, readily formed even from dilute hydrogen peroxide. Further, by the operation 
of an effect which has already been mentioned in Part II (preceding paper), it is possible to use less than the 
theoretical quantity of the metallic compound in the presence of an excess of hydrogen peroxide, provided 
that the metal taken is of such a nature that its per-acid is not reduced—either in the course of the detoxit- 
ation reaction on in other ways—to a valency state lower than that from which it can be reoxidised to the 
per-acid state by the excess of hydrogen peroxide present. Perchromic acid does not fall into this category, 
since it is easily reduced in contaet with organic substances to a state from which per-compounds are not 
' re-formed directly; e¢.g., chromic acetate, which is produced by the interaction of perchromic acid and organit 
substances in acetic acid solution, does not, unlike the chromates and dichromates, re-form perchromic acid 
with hydrogen peroxide. Chromic and perchromic acids also attack the double bond of unsaturated sub 
stances. For both of these reasons, perchromic acid has not been included in the reagents dealt with in the 
present paper. 

EXPERIMENTAL. 

The detoxication procedure was mainly as has been previously described, namely, a known quantity of the detoxicat 
ing sdlution to be tested was added at room temperature to a standard hydrogenation system containing 0-05 g. of stock 
platinum catalyst, suspended in 5 c.c. of a 2N-solution of crotonic acid in acetic acid and poisoned by 0-5 x 1u~° g.-mdl 
of cystein, the hydrogenation charge being made up to 10 c.c. by the addition of a further 2 c.c. of acetic acid and 3c 
of water (including any water or acetic acid added with the detoxicant or with the poison). The detoxicating solutiom 
were made by mixing dilute potassium tungstate, potassium molybdate or sodium vanadate with a solution oi hydrogel 
peroxide prepared by the suitable dilution of A.R. ‘‘ 20-volume ” peroxide. The percentage of metal (tungsten, etc) 
in the compounds used for making up the r ents was checked by analysis. The pertitanate and peruranate solutions 
were made by adding hydrogen peroxide to dilute titanous sulphate and to a solution of uranium trioxide in acetic a¢ 
in which it is slightly but sufficiently soluble. After the addition of the detoxicating reagent to the charge containing 
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he poisoned platinum, this charge was heated to 100° for 15 minutes to destroy the excess of peroxide and hydrogenated . 
in a Shaker at 27°, the degree of detoxication being assessed by comparing the observed hydrogenation rate with that 
iven under similar conditions by the same amount of catalyst in an unpoisoned state. This unpoisoned rate was 
determined for each series by blank runs in the absence of poison and corresponded with a zero-order hydrogen absorp- 
ion of slightly more than 30 c.c./min. The standard charge of poison, t.e., 0-5 x 10-5 g.-mol. of cystein, was sufficient, 
in the absence of detoxicants, to reduce this rate to a negligible value (0-3 c.c./min.). ; 

Two types of curve were determined. In the first, the amount of metal was varied, the amount of hydrogen peroxide 
being kept constant; in the second, the peroxide was varied, the metal content being maintained at a constant value. 

The results obtained are summarised in Figs. 1 and 2, in which the ordinates represent the hydrogenation rates, 
after detoxication of the cystein, expressed as a percentage of the unpoisoned rate. In Fig. 1, the hydrogen peroxide 
was kept constant at 0-051 g. This amount corresponds with 1°5 x 10° g.-mol. and, although small, is sufficient to 
provide 100 times the oxygen theoretically required for the oxidation of the very small quantity of cystein present to 
non-toxic cysteinic acid. In Fig. 2, the quantity of the metallic salt added to form a per-acid with the peroxide corre- 
sponded in every case with 0-75 x 10-° g.-atom of the metal specified. 
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It will be seen from Fig. 1 that complete detoxication was obtained with all amounts of pertungstate or permolybdate 
higher than that corresponding with 0-75 x 10-5 g.-atom of tungsten or molybdenum and that pervanadates are only 
slightly less active detoxicants. Actually, the hydrogenation rates after detoxication were in some cases slightly higher 
than in the blank runs, this effect being probably dte to the cleaning up of traces of original poisons present in the 


catalysts used. The extent of this small additional activation is illustrated, for the typical case of permolybdates, in 
the following table. 


Mocontentof Hydrogenation Percentage of Mo content of Hydrogenation 
system, rate, unpoisoned. system, a rate, 

g.-atoms X 10-5. c.c./min. rate. g.-atoms x 10-5. c.c./min. rate. 

Blank runs 31-6—32-0 — 1-5 32-4 101 

0-6 32-0 100 3-0 32-7 102 

0-75 32-7 102 5:0 32-8 102 


Percentage of 
unpoisoned 


In addition to the curves given in Fig. 1, a second series of points was also determined, for both tungsten and 


molybdenum, in the presence of one-half (0-026 g.) of the above amount of hydrogen peroxide. 
similar curves, with however a maximum detoxication of only about 95%. 

Fig. 1 also shows the far lower detoxication obtained with pertitanates and with peruranates. This will be seen 
both from the curves and from the change in the scale of abscissz to 20 times that used for tungsten, molybdenum and 
vanadium. Since a decrease in the effective detoxication with increasing amounts of the detoxicating agent may be 
due either to catalytic toxicity inherent in the detoxicant itself or to traces of toxic metals present as impurities in the 
Specimens used, tests were carried out in order to determine whether pertitanates or peruranates are themselves appre- 
clably poisonous. This was found not to be the case, since hydrogenation rates substantially equal to the blank rate 
were obtained with peruranates and with pertitanates in the absence of cystein. Actually, the. rather sharp fall in the 
activity of the catalyst with concentrations of titanium higher than about 15 x 10-° g.-atom was evidently due to the 
formation, in the dilute acetic acid solution used, of a visible precipitate (probably of free titanic or pertitanic acid), 
om teduced the activity of the platinum by a cloaking effect increasing with the amount of the titanium compound 


This gave somewhat 


‘ Action of the Reagents on the Unsaturated Substance.—The degree of attack on the double bond of the unsaturated 


th ce by the more effective metallic per-acids was tested, in the way already described in Part II, by comparing 
¢ hydrogen value of the charges before and after detoxication. 
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‘ The total volumes (reduced to N.T.P.) of hydrogen absorbed, in runs carried out to completion, by the 5 c.c, ¢ 

2n-crotonic acid used in the standard charge are given in the following table. In the blank runs, no poison or pe. 
acid was present. In the remaining runs, the usual detoxication of 0-5 x 10-§ g.-mol. of cystein was carried out by 
adding the specified amouri of the metallic salt and 0-051 g. of hydrogen —— (together with acetic acid and wate, 
as before), the excess of peroxide being destroyed by boiling the charge before the hydrogenation. The probable margy 
of error in adding the 6 c.c. of 2N-crotonic acid, from a pipette, is of the order of 0-05 c.c. (1 drop), which is equivalent 
to 2-3 c.c of hydrogen. This is also the order of the observed fluctuation in the hydrogen absorption values (230+ 2 c.c, 
There seems accordingly to be no indication of an appreciable attack on the double bond. 


Metal (as Amount of Total vol. of Metal (as Amount of Total vol. of 
pertungstate, metal added, hydrogen pertungstate, metal added, hydrogen 
etc.). g.-atoms x 10-5. absorbed, c.c. etc.). g.-atoms X 10-5. absorbed, c.c. 
Blank 229 Tungsten , 229 
0 232 ” ‘ 232 
Molybdenum . 230 Vanadium ° 229 
231 ‘ ‘ 231 


” 


” 4 229 ” " 232 
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200. Contributions to the Chemistry-of Synthetic Antimalarials. Part I. Some 
§-Diethylamino-«-methylbutylamino-derivatives of Pyridine and Thiazole. 
By J. N. Asuiry and J. F. Grove. 


Syntheses of some 8-diethylamino-a-methylbutylamino-derivatives of pyridine and thiazole are described. 
The compounds exhibit no antimalarial, bactericidal, or trypanocidal activity. ; 


Most of the very large number of compounds prepared as possible antimalarials consist essentially of a hetero 
cyclic nucleus—usually quinoline or acridine, and frequently containing a methoxyl group, with and without 
other substituents—attached to a side chain carrying one or more basic groups. Although the effect of varying 
the length and nature of the side-chain attached to the quinoline nucleus (usually in the 4 or 8 position) and to 
the 5 position in acridine has been very fully investigated, little attention has been directed towards attempts 
to simplify the heterocyclic nucleus. Relatively few compounds of this type in the pyridine and thiazole series 
have been described and, of these, only a small number have been tested for antimalarial activity ; and frequently 
the results are unrecorded. In view of the known therapeutic effect of the pyridine and thiazole rings in 
combination with other groupings it was decided to prepare some derivatives of pyridine and thiazole containing 
the 8-diethylamino-«-methylbutylamino grouping (present in Pamaquin and Mepacrine) so that these could 
be tested for antimalarial activity. 

The following compounds of the type mentioned above are reported in the literature : 2-dicyclohexylamin- 
ethylaminopyridine (Bockmiihl, Krohs, and Ehrhart, U.S.P. 1,936,547), 2-diethylaminoethylaminopyridine, 
2-y-diethylaminopropylaminopyridine, and 2-y-piperidino-8$-dimethylpropylaminopyridine (Rothman ani 
Fricker, G.P. 602,049), 3-diethylaminoethylamino-6-phenoxypyridine and 3-3-diethylamino-«-methylbutyl 
amino-6-phenoxypyridine (E.P. 373,624). Whether or not these compounds are active as antimalarial agentsis 
unrecorded. 2-p-Aminobenzenesulphonamidothiazole is reported (Coggeshall, Maier, and Best, J. Amer. Med. 
Assoc., 1941, 117, 1077) to be active against P. knowlesi and to have some effect against P. inui and P. cynomolgi 
in rhesus monkeys, but to be inactive against P. cathemerium in canaries; whilst Walker and Van Dyke (Pro. 
Soc. Exp. Biol. Med., 1941, 48, 368) state that it is active against P. lophure in ducks. Since the completiond 
the present work we have become acquainted with the work of Mosher and of Goldsmith * (Ph.D. Theses, 
Penn. State Coll., 1942) who have prepared a series of 2-w-dialkylaminoalkylaminopyridines, but in no case was 
the side chain, present in Pamaquin or Mepacrine, introduced into the pyridine ring. Whether these compounds 
exhibited antimalarial activity is unrecorded. 

Subsequent papers in this series will describe synthetic work, mainly, but not entirely, concerned with the 
simplification or modification of known active antimalarials. 
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H-CHMe-(CH,),"NEt N ; 

(III.) mech oT BES i. of (IV.) 
NH-CHMe-(CH,),"NEt, 


Two methods have been employed for the synthesis of compounds (I), (II), (III), and (IV) : (a) condensation 
of the heterocyclic primary amine with e-diethylamino-8-pentanone diethylacetal followed by hydrogenatio 


© 08) work has been published recently by Whitmore, Mosher, Goldsmith, and Rytina (J. Amer. Chem. Soc., 1945, 
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of the resulting anil, and (b) condensation of the heterocyclic bromo-compound with 8-diethylamino-«-methyl- 
putylamine. Method (a) was used for the synthesis of (II) and (III), and (6) for (I) and (IV). An attempt was 
first made to prepare (I) by method (a) ; condensation appeared to proceed normally, but the only product which - 
as isolated before or after hydrogenation was a very high boiling viscous oil. Nothing definite was obtained 
om this and it was considered probable that condensation of the acetal with 2-aminopyridine was complex due 
o the tautomeric character of the amine. Support for this was found in the case of 3-amino- and 3-amino-6- 
methoxy-pyridine in which there is no possibility of tautomerism, and both these amines condensed quite normally 


with the acetal. In view of the anomalous behaviour of 2-aminopyridine no attempt was made to synthesise 
IV) by method (a). ° 

Each of the four bases (I), (II), (III), and (IV) formed salts which were hygroscopic and very soluble in water 
and none was obtained solid. Aqueous solutions of the monohydrochlorides were prepared by dissolving the 
pure base in the requisite amount of dilute hydrochloric acid and these solutions were used in the biological tests. 


No activity was exhibited by any of the four hydrochlorides against P. gallinaceum infection in chicks, Staph. 
aureus in presence of blood, or T. equiperdum infection in mice. 


EXPERIMENTAL. 


Intermediate Compounds.—3-Aminopyridine was prepared (a) in 40% yield by reduction of 6-chloro-3-nitropyridine 
with zinc and sulphuric acid (Binz and Schickh, Ber., 1935, 68, 315) and (6) in 60% yield by catalytic reduction of 6-chloro- 
3-nitropyridine in the presence of palladised calcium carbonate (Binz and Schickh, loc. cit.). 3-Nitro-6-methoxypyridine was 
obtained in theoretical yield by reaction of sodium methoxide with 6-chloro-3-nitropyridine (cf. preparation of 4~-methoxy- 
pyridine by Haitinger and Lieben, Ber., 1885, 18, 930). 3-Amino-6-methoxypyridine was obtained in theoretical yield 
by catalytic reduction of the nitro compound (cf. Binz and Schickh, loc. cit.). 2-Bromothiazole. 2-Aminothiazole was 
diazotised in the presence of 30% aqueous hydrobromic acid (Wibaut and Jansen, Rec. trav. chim., 1934, 58, 77); the yield 
of bromo-compound was 45%. e-Diethylamino-f-pentanone diethylacetal, b. p. 116—118°/16 mm., was prepared as 
indicated by Kithn (J. pr. Chem., 1940, 156, 129). 

2-8-Diethylamino-a-methylbutylaminopyridine (I).—2-Bromopyridine (64 g.), 8-diethylamino-a-methylbutylamine 
(100 g.), anhydrous potassium carbonate (56 g.) and copper bronze (1 g.) were heated under reflux at 180° for 20 hours. 
After cooling and dilution with water, extraction with ether yielded a pale yellow oil (27 g.), b.p. 194—203°/25 mm., 
which could not be purified by further distillation. It was converted into the di-picrate, m. p. 149°, which crystallised in 
flat yellow prisms when alcohol was added to its solution in acetone (Found: C, 45-1, 44-9; H, 4-4, 4:35; N, 17-8, 
182. C.H,sN3,2CgH,O,N, requires C, 45-0; H, 4:5; N,18-1%). The free base (I) regenerated from this di-picrate was 
a colourless slightly hygroscopic liquid, b. p. 182°/14 mm. (Found: N, 17-85. C,,H,,;N, requires N, 17-9%). Attempts 
to prepare the hydrochloride, hydrobromide, sulphate, phosphate, tartrate, succinate, oxalate, and salicylate as crystalline 
solids were unsuccessful. The tartrate was obtained solid after precipitation and washing with acetone but could be kept 
in this condition only in a desiccator. The methylene bis-oxynaphthoate was an amorphous solid. 

3-5-Diethylamino-a-methylbutylaminopyridine (II).—A mixture of 3-aminopyridine (13 g.), e-diethylamino-f- 
pentanone diethylacetal (35 g.) and ammonium chloride (0-07 g.) was heated and the bath-temperature raised from 140° 
to 220° during 2 hours. The residue (28-5 g.), left after removal of unchanged 3-aminopyridine and acetal, was dissolved 
in ethyl acetate (310 c.c.) and hydrogenated at 60°/30 atm. in presence of 11% of platinised charcoal. The 
uptake of hydrogen was 82% after 93 minutes. This yielded a pale yellow oil (19 g.) which was purified by treatment 
with hot dilute hydrochloric acid (to decompose any unchanged anil) and subsequent conversion to the picrate. The base 
(15-2 g.) was obtained as a colourless liquid, b. p. 175—178°/0-5 mm. (Found: N, 17-75. C,gH,,N, requires N, 17-9%). 

3-5-Diethylamino-a-methylbutylamino-6-methoxypyridine (III).—A mixture of 3-amino-6-methoxypyridine (15-7 g.), 
e-diethylamino-f-pentanone diethylacetal (32-3 g.) and ammonium chloride (0-07 g.) was heated and the product worked 
up as described for (II). Hydrogenation of the anil resulted in 75% uptake of hydrogen in l hour. The base (12-8 g.), 
b. p. 218—220°/20 mm., slowly darkened on keeping. It had a pronounced green fluorescence, particularly when dissolved 
in organic solvents (Found: N, 15-6; OMe, 11-6. C,,H,;ON, requires N, 15-8; OMe, 11-7%). The oily picrate could 
not be obtained crystalline. 

2-§-Diethylamino-a-methylbutylaminothiazole (IV)e—A mixture of 2-bromothiazole (44:2 g.), 8&diethylamino-a- 
methylbutylamine (42-5 g.), anhydrous potassium carbonate (37-5 g.) and copper bronze (0-5 g.) was heated under 
reflux at 165° for 5 hours. Heating at a higher temperature for a longer time caused a considerable decrease in yield. 
The product obtained by extraction with ether had b. p. 145°/0°3 mm. The liquid was converted into the di-picrate, 
m. p. 137-5° which crystallised in heavy prisms by addition of alcohol to an acetone solution (Found: C, 41-1; H, 4-5; 
N, 17-8. C,H 3N,S,2C,H,O,N, requires C, 41-3; H, 4:15; N, 181%). The fZee base (18% yield) obtained from the 


di-picrate was a colourless liquid, b. p. 150°/1 mm. (Found: C, 59-7; H, 9-45; N, 17-2. C,,H,,N,S requires C, 59-75; 
H, 95; N, 17-4%). 


The authors wish to express their thanks to Dr. A. J. Ewins, F.R.S., for his advice and criticism, to Mr. J. S. 
Moffatt, B.Sc., for help with the preparative work, to Dr. R. Wien and his assistants in the Biological Division, to Mr. S. 


—— B.Sc., for the semi-microanalyses, and to the Directors of Messrs May & Baker Ltd., for permission to publish 
the results. 
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201. The Sorption of Condensable Vapours by Porous Solids. Part III. 
Multimolecular Adsorption. 


By A. GRAHAM FOSTER. 


A simplified derivation of the general equations of the Brunauer theory of multimolecular adsorption is 
followed by a discussion of the application of this theory to abnormal types of isothermal. 


ADaM has recently drawn attention (Nature, 1945, 155, 154) to the merits of the theory of multimolecular 


adsorption put forward by Brunauer and his collaborators (J. Amer. Chem. Soc., 1938, 60, 309). It is remarkable 
3F 
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that a general theory of adsorption which claims to account for all observed types of isothermal should have 
attracted comparatively little notice in this country, but, unfortunately, the equations to which this theory 
finally leads are complex, and one of the fundamental assumptions, viz., that the net heat of sorption falls to 
‘zero after the completion of the first layer, is-contrary to experimental fact. However, the theory has been 
remarkably successful in accounting for the main types of sorption isothermal, although the authors have not 
discussed in detail just-how this is achieved; they merely show that, by assigning suitable values to the con. 
stants of their equations, it is possible to obtain curves which approximate to the various known types of 
isothermal. A simplified derivation of the theory is now given, followed by an examination of what may be 
regarded as the “ limiting cases ”’ of the genegal equation, thus making clear why the theory is so successful 
in explaining the so-called ‘‘ abnormal ” types of isothermal. In Part IV the application of the theory to linear 
isothermals is discussed in some detail. 

Derivation of the General Equation.—Langmuir, in the classical paper in which he first presented the theory 
of unimolecular adsorption (J. Amer. Chem. Soc., 1918, 40, 1361), also discussed the possibility of multilayer 
adsorption, and derived a complex equation which Brunauer has simplified by making the rather drastic 
assumption that the net heat of sorption falls to zero after the first layer iscompleted. In considering the 
evaporation—condensation equilibria for the second layer, Langmuir supposed that condensation occurred on 

the uncovered portion of the first layer and that evaporation from the latter 

Fie. 1. took place from that part which was not itself covered by the second layer. 

The various layers, being in equilibrium with the gas phase, are necessarily in 
equilibrium with one another, so that, as pointed out by Brunauer, it is 
unnecessary to consider exchanges of adsorbed molecules between the various 
layers. If we denote the fractions of the total surface covered by 0, 1, 2, etc., 
So S; | S2| S3| Sg| Ss} layers by So, s;, Sg, etc., as in Fig. 1, and equate rates of condensation and 
evaporation for each layer, we obtain a series of equations of the type 


Ot PSo = B81; APS, = Bg, etc., or, replacing «/8 by a single constant c, wo have for the mth layer 
CnPSn— 1 = Sn, Whence 
































Sq == (Cy. gia Cauig s+ - + Coly)Sef* 


The total adsorption a, expressed as a fraction or multiple of the amount required to form a complete uii- 
molecular layer, is then given by a = s, + 2s, + 3s, .. . . + mS,, and the additional relation s, + s, + s, + 
S, = 1 enables us to express a as a function of p: 


a= C1PSo os 2c,C,p*s, 4. 3c ,CeCyp*sy he. NC 1CoC3 “ee Cn ab 1"nP"So 


1 = Sq + CypSq + CyCop*Sy + CylCalgP*sy +... « + .Cylgly . . - « CaP"Sq 
whence 


A= (CPt 2 yCyp* + BeyCacgp® +... . +NCyCyCy.. - Cyp™)/(LCyP+eylep*+-CyCgegp* . ... +0 4CqCg... np") - (1) 


The essential feature of Brunauer’s treatment lies in the development of Langmuir’s suggestion that this 
relation could be simplified by putting c, = c;, etc. We then get 


a= C,p(1 + 2 + B22? 2... + me) fl + e,p(l+4+a%... aN}. 2. (2) 


where * = c,p and it is now possible to sum both series to » — 1 terms (or to infinity, if x <1), since the lower 
series is a geometrical progression and the upper series is its differential. Equation (2) is really the simplest 
form of the multilayer theory. The summation of the two series, although desirable in order to facilitate 
computation when 1 is large, is not essential, and, as shown by Brunauer, results in the less easily remembered 
form 

@ = cx{l — (nm + l)a® + mx®*+ (1 — a){1 + (C— Hex—cr*t} 2... 3) 


(where c,p has been replaced by cx to conform with his notation; i.e.,¢ = ¢,/c,). 
The author has already shown (this vol., p. 364) that the constant c, of the Langmuir equation may be 
expressed approximately in the form 


C1Po = eVRT . . . . . . yy . . . . (4) 


where Q is the net heat of sorption and p, the saturation pressure. This relation is strictly valid only when the 
partition functions of the adsorbed and the liquid state are identical, a condition more likely to be fulfilled in the 
second and subsequent layers than in the first. The same condition is implicit in Brunauer’s assumption 
that the evaporation-condensation properties of the molecules in the second and higher layers are identical 
with those of the bulk liquid. The direct introduction of equation (4) as an alternative to Brunauer’s kinetic 
treatment enables the final result to be reached more rapidly. The crucial point of Brunauer’s theory is that 
Q is put equal to zero for all layers after the first, i.e., the total heat of sorption is assumed to be equal to heat 
of condensation. This makes c, = 1/p, and * = p/p , the relative pressure, which is always less than unity, 
and thus enables the series to be summed to infinity if necessary. One important consequence of this assump 
tion seems to have been overlooked by the authors, namely, that a layer for which Q = 0 can never be more 
than half saturated. For instance, in the simple Langmuir equation a = ¢,p/(1 + c,p) it is evident that if 
¢, = 1/p, then a = x/(1 + x), and when x = 1, a = 3. A similar effect appears in equation (2), since whet 
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= lwefinda = cx(1+2+3+4+....+m)/(1 + mcx). As cx increases, cx/(1 + cx) approaches unity 
anda=(1+2+3+4+4+....+n)/n = n(n + 1)/2n = (m + 1)/2 or (m — 1)/2 + 1; i.e., beyond the first 
layer, the total adsorption space is only half filled even when the saturation pressure is reached. 
Limiting Cases of the General Equation.—In special cases a further simplification of equation (2) is possible. 
(i) When » becomes infinite the well-known expression for the sum to infinity of a geometrical series enables us 
to write : 
CaCI + Ae Hes OH ee 


provided of course that x be really <1 (or Q zero). Now, accogding to Brunauer, this expression is not very 
different from equation (3) when m >5 (Fig. 3 shows that this is so for values of x <}), and its use leads to the 
fairly simple equation 


plalbo — p) = Ufe+ (p/p)le—Vje. . - - - » « « + 


according to which the function on the left should give a linear plot against » from which the constant c can be 
evaluated. Unfortunately, in the absence of low-pressure data, the amount required to form a unimolecular 
layer (v,,) will also be unknown, and a must be replaced by v/v,,, where v is the actual amount adsorbed at pres- 
surep. The function p/v(p, — p) is then plotted against p/p, the slope being equal to (1/v,,)(¢ — 1)/c, and the 
intercept equal to 1/cv,,, whence both unknowns, c and v,,, may be determined. At low pressures and large 
values of c, equation (6) reduces to the Langmuir 
equation, giving a linear plot of p/v against p. Fic. 3. 

(ii) When the first layer is strongly held, c is large, 
and when c¥ is also large compared with (1 — 2), 
equation (5) reduces to 





a = cx/(l— x)cx ora =1/(l1—-%) . (7) 


and we find the adsorption following the Langmuir 
equation at very low pressures but at higher pressures 
following an equation which gives an isotherm convex 
to the pressure axis (curve I, Fig. 2). Isothermals of 
this type are known, but direct application of equation 
(7) is usually rendered difficult by the absence of 
accurate data at low pressures from which to calculate 
the amount held in the first layer (i.e., to determine 
what concentration corresponds to a= 1). It is, 
however, possible to evaluate this quantity from the 
higher-pressure data alone if equation (7) is valid, 
because the concentrations at which * = 4 or % should : 
correspond to a = 2 or 3, respectively.’ The observed vy | l 
concentrations are then divided by the amount pre- re 
sumed to be held in the first layer, and the actual 4 a 6 6 10 
pressures converted into relative pressures in order to a 
obtain the a — x curve. Lambert and Foster’s data (Proc. Roy. Soc., 1932, A, 136, 363) for benzene on ferric 
oxide, treated in this way, give the points represented by the crosses in Fig. 2, which approximate to the 
actual graph of equation (7). The observed net heat of sorption is only 3 cals./g. over this range, compared 
with 100 cals. for the latent heat of condensation, so that the assumption that Q = 0 is almost justified for 
thissystem.. On the other hand, the data for ethyl alcohol on the same adsorbent show poor agreement with 
equation (7). Reasonable agreement is found with water on copper oxidg but not on manganese oxide, Bray 
and Draper’s data (Proc. Nat. Acad. Sci., 1926, 12, 295) being used. Bangham and Mosallam’s data (Proc. 
Roy. Soc., 1938, A, 165, 552) for the adsorption of benzene on plane surfaces of mica might be expected to 
provide a more favourable test of equation (7), but the agreement is only moderate. If this equation were 
of general validity at high relative pressures it would of course be possible to reduce all isothermals to the 
same scale by converting actual pressures into relative pressures and concentrations to a values. 

(iii) Another interesting case arises when c = 1 (or Q = 0), for then 











@mafll—4) 2. 2. 2 6 we ew ew wl te we (DF 


over the entire range, giving an isothermal convex to the » axis as shown in Fig. 2, curve II. As Brunauer 
points out, this particular case appears to have been realised experimentally by Reyerson and Cameron (/j. 
Physical Chem., 1935, 39, 181) with bromine on silica gel. Since x = $ when a = 1, Brunauer was able to 
calculate the theoretical maximum sorption in the first layer, and hence the surface area of the gel was found 
to be 470 m.2/g., agreeing well with the mean value of 500 calculated by different methods from the isothermals 
of more complex types given by gases on the same gel at low temperatures. 

(iv) Finally, the multilayer theory requires that adsorption shall still take place, even if the net heat of 
Sorption is negative. When c < 1 we find 


a = cx/(1—#)(1—*) =cx/(I—2)®. . i Sag taal jth) ell 
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A plot of this function when c = 1/10 is shown in curve III of Fig. 2. As yet, this extreme type of isotherma 
does not appear to have been realised experimentally. 

Lineay Isothermals.—Brunauer and his collaborators do not appear to have considered the interesting 
case which arises when m has the values 2 or 3, for the theory then leads directly to an explanation of the 
peculiar isothermals given by the alcohols on silica gels (Foster, Proc. Rey. Soc., 1934, A, 146, 129); e.g., the 
isothermal of ethyl alcohol on silica gel B shows a linear middle portion which follows an extensive region of 
low-pressure sorption and extends almost to saturation. If in equation (1) we put c, = cs, m = 3, and make, 
large, we find 


ow (} + ies Ri tse ey. ee. (10 


where, although ~ is still equal to c,p, it is not necessarily equal to the relative pressure, because q is not neces. 
sarily zero for the second and the third layer. This function, shown in Fig. 3, gives a curve of the same shape as 
the alcohol isothermal just mentioned, the linear part of which extrapolates back to zero pressure at about 
150 mg./g., so that the a values may be calculated by dividing actual concentrations by 150. The crosses in 
Fig. 3 were obtained by plotting these a values against /40, instead of p/60 as required if cg = 1/p 5. The 
agreement is striking, and since the isothermals of the other alcohols can be reduced to the same scale ina 
similar manner (as shown in Part IV), it suggests that the linear isothermal does really represent the building 


Fic. 3. 





1-0 
‘4 


0-8 
0-6 


§ 
0-4 


a2 








| _ | 





° 70 15 2:0 a5 30 
a. 


up of a second and a third layer on top of the more strongly held first layer. In the simpler case where » = 2, 


the terms in x* vanish, leaving 
a = cx(l + 2x) /f1 + cx(l + x)] . . . . e . 4 A a . (11) 


If c is put equal to 10 and ¥ = p/20 (instead of p /35 for * = p/p,), an excellent agreement is obtained with the 
isothermal of éthyl alcohol on silica gel A determined by Lambert and Foster (Proc. Roy. Soc., 1931, A, 134, 
246). The application of the theory to linear isothermals is considered in more detail in Part IV. 

Determination of Surface Area of Adsorbents.—Shortly after the discovery of these linear isothermals, 
Brunauer and Emmett (J. Amer. Chem. Soc., 1935, 57, 1754) investigated the sorption of gases at low temper- 
atures on iron catalysts and obtained S-shaped isothermals with an intermediate linear portion. At first it 
was thought that the extrapolation of the linear part to zero pressure, called “ point A,” corresponded to the 
volume of gas required to cover the surface with a unimolecular layer, but later, better agreement was found 
by taking ‘“‘ point B”’ at which the linear isothermal begins. The applications of this method have been 
described in some detail (Brunauer, “ Physical Adsorption of Gases,” Oxford, 1944) and it is shown that the 
theory of multimolecular adsorption ptovides methods for calculating the surface areas from all types of iso- 
thermal. From Fig. 3, where a — curves for equation (10) are plotted for = 2, 3, 4, and 5 and also » =~», 
it will be seen that when » >3 the curves become convex to the # axis and the straight part tends to vanish. 
As ¢ decreases, the curves no longer extrapolate back to a = 1 at low pressures, but become concave to the * 
axis and approach the origin ata = 0. The combined effect of these two factors may easily create an inter- 
mediate linear range on an isothermal for which » >3, which does not extrapolate back to a = 1, so that no 
theoretical significance can be attached to “ point B ” since its location will depend on the value of c, and the 
greater the magnitude of c the closer will “‘ point B”’ approach “point A.” The agreement between the saturation 
values derived from the Langmuir equation and the “‘ point A ’’ values is discussed in Part IV. 

Finally, it should be emphasised that the new theory, unlike the older “‘ potential ” theories of multilayer 
adsorption put forward by Eucken and Polanyi, does not postulate the existence of long-range adsorptive 
forces, but is consistent with Langmuir’s views on the short range of these forces. Adsorption beyond the 
first layer takes place under the influence of the cohesive forces of the molecules of the adsorbed substance 
acting as in the liquid state, so that a fraction of the surface must always be covered with a layer more than one 
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molecule thick except at very low pressures, or above the critical temperature, or in pores too narrow to admit 
a second layer. Although the new theory gives a’satisfactory explanation of $-shaped isothermals without 
assuming that capillary condensation occurs, it should be regarded as complementary to, rather than as super- 
seding, the capillary theory. 


RoyaL HoLtoway CoLieGce (UNIVERSITY OF Lonpon), ENGLEFIELD GREEN, SURREY. 
(Received, July 24th, 1945.] 





202. The Sorption of Condensable -Vapours by Porous Solids. Part IV. Linear 
Isothermals and the Langmuir Equation. 


By A. GRAHAM FOSTER. 


The application of the theory of multimolecular adsorption to linear isothermals is discussed. It is shown 
that when allowance is made for multilayer adsorption, the formation of the first layer takes place strictly in 
accordance with Langmuir’s theory. The saturation values for unimolecular adsorption calculated from the 
corrected data at lower pressures agree with those derived by the ‘‘ point A ’”’ method of Emmett and Brunauer 
(J. Amer. Chem. Soc., 1937, 59, 1553) from the data at higher pressures. 


In Part III (preceding paper) the application of the Brunauer theory of multimolecular adsorption to linear 
isothermals was discussed. Further examples are now described, and it is shown that when allowance is made 
for multilayer adsorption, the true unimolecular adsorption takes place strictly in agreement with the Langmuir 
equation. The function represented by equation (10) of Part III is very nearly linear up to x = 0-6, as shown 
by the full curve in Fig. 1. When plotted on a large scale, the curve is very slightly S-shaped. Actual iso- 
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thermals will, of course, start from the origin a = 0, since when ~% is small equation (3) reduces to a = cx, but 
for values of x > 0-1 we might reasonably expect isothermals to approximate to the simplified equations 
(10) and (11) when x, the number of adsorbed layers is 3 or 2 respectively, and it has already been shown that 
the isothermals of ethyl alcohol on silica gel B follow equation (10) verytlosely. Isothermals of other liquids 
‘have also been determined on this gel, viz., methyl, m- and iso-propyl and n-butyl alcohols (Foster, Proc. Roy. 
Soc., 1935, A, 150, 77), dioxan (Broad ‘and Foster, this vol., p. 366), hydrogen cyanide, and triethylamine 
(unpublished). ‘ 

From the observed pressures and concentrations, a—* curves have been derived in the following manner. 
The linear part of the isothermal extrapolates to zero pressure at concentration z, which is taken as representing 
the amount required to complete the unimolecular layer (i.¢., a = 1), so that at any other concentration gq, 
the value of a is given by g/z. If the net heat of sorption were actually zero for the second and the third layer, 
as supposed by Brunauer, x would of course be obtained by dividing the actual pressure p by the saturation 
pressure p,. The heats of sorption have not been accurately determined in this region but are believed to be 
of the order 1—2 kg.-cals. /mol., hence the term c,p is no longer unity and * is not equal to the relative pressure 
but proportional to it for a given substance. In fact, plotting relative pressures against a does not reduce any 
of the observed isothermals to the theoretical a—x curve of equation (10), and arbitrary factors had to be found 
by trial and error for each substance. If two linear curves have a common origin it is always possible to bring 
them into coincidence by use of a conversion factor, but the fact that all these isothermals reduce to the same 
curve after conversion of the q values into a values, as described, suggests that the z values obtained by extra- 
polation have some real significance and do actually represent the amounts required to saturate the first layer. 
In the table below, the conversion factors actually used are compared with the theoretical values (1/p,). The 
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ratio of the “‘ observed ” to the “ calculated ’’ values of c is seen to vary from 1-2 to 3-4, corresponding ty 
_Q = 100 to 700 cals. /mol. 


MeOH. EtOH. m-PrOH. iso-PrOH. n-BuOH. Dioxan. HCN. NEt,. 
10" 6 GORIB) ince ciceis 25 56. 27 20 22 
(obs.) . 16-7 48 23 15 , 13 

i esencesese ° 15 1-2 aay 1-3 _ 2 . 1-7 


When ¢c,pis moderately large, the values of a given by equation (2) will not differ appreciably from those givey 
by the relation 


@ = {c,p/(1 + c,p){(1 + 24 + 3xe*# +... )/(lLt+e+24+ .. .)} 


It has already been shown that when m = 2 or 3 the second term is, over a limited range, an almost linear 
function of x, so that we may write a = {c,p/(1 + c,p)}(1 + Ax), where k is the slope of the linear range and the 
first term represents the true unimolecular adsorption according to the Langmuir equation. Therefore, if we 
denote total and unimolecular adsorption by g and qj, respectively, we have q, = 2¢,p/(1 + ¢,p) and q¢= 
qi(1 + bp), whence the true unimolecular adsorption is given by g, = g/z(1 + 6p), a relation which enables an 
approximate estimate of g, to be made if bis known. Since, over the linear range, g has almost reached its 
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saturation value z, this part of the isothermal will follow approximately the relation g = 2(1 + bp) with 
intercept z and slope zb, from which b can be calculated. 

Fig. 2 (A) shows the lower part of an isothermal of hexane on ferric oxide at 20°, which is strictly linear 
from g = 56 to 100 mg./g., following the relation g = 44(1 + 0-038 p). The six lowest points plotted as p/j 
against p are represented by the triangles of Fig. 2 (B) and clearly do not lie on a straight line, whereas the values 
of p/q, calculated from the relation g, = g/44(1.+ 0-038 p) give the linear plot p/¢, = 0-012 + 0-021 shown 
by the circles. The value of z calculated from this is 1/0-021 or 47 mg./g., agreeing well with the value of 44 
obtained by extrapolation. ‘ 

The following table summarises the data for other systems which give linear isothermals, some of the 
p/q-p curves being shown in Figs. 3 and 4. In order to distinguish between the saturation values for the 
unimolecular adsorption derived by different methods, the symbol z is used for the value calculated from the 
Langmuir equation, and, following Emmett and Brunauer’s nomenclature (J. Amer. Chem. Soc., 1937, 59, 
1553), the value obtained by extrapolation of the linear isotherm to zero pressure is designated as “ point A.” 
Reference has been made in Part III to the fact that these workers concluded that ‘“‘ point B,”’ where the linear 
range begins, corresponded to the completion of the first layer, although there is no theoretical basis for this 
assumption. The values of z and points “A” and “ B” are recorded in cols. 4, 5, and 6 of the table, and 
although in some instances the “ point B” values lie somewhat closer to the z values than do the “ point A e 
values, the general agreement is much less satisfactory. It should, however, be pointed out that the isothermals 
here discussed bend away from the concentration axis when the linear range ends, whereas those described 
by Emmett and Brunauer eventually turn in the opposite direction. It has already been shown in Part Ill 
that, as c, becomes smaller, the isothermal becomes concave to the p axis at lower pressures and runs back to 
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Concns., mg./g. 

Adsorbent. . . Point A. Point B. c¢c,(mm.-). 5 (mm), 
SiO, (A) ' 118 0-91 0-00253 
7” , . 120 0-263 0-0423 
SiO, (B) 2-7 0-0167 

” 50-0 0-0733 
” 0-477 0-0272 
Fe,O, . 0-39 0-021 
- 1-67 0-0295 
; ° 1:27 0-0397 
0-171 0-00033 
” 0-65 0-000292 
ee 0-75 0-00306 
*» , 50-62 * 0-235 * 
SiO, 0-05 0-00308 
ye 77-5 * 2-61 * 
” 40°8 * 4-25 * 
* Relative pressures. t C.c. of gas (at N.T.P.) per g. t Volumes (mm.?*/g.). 


References.—* Lambert and Foster, Proc. Roy. Soc., 1931, A, 184, 256. 2 Foster, ibid., 1934, A, 146, 129. 
3 Idem, this vol., p. 368. * Idem, unpublished. 5 Lambert and Foster, Proc. Roy. Soc., 1932, A, 186, 363. 
* Lambert and Clark, ibid., 1929, A, 122, 497. 7 Goldmann and Polanyi, Z. physikal. Chem., 1928, A, 182, 313. 
* Bangham, Fakhoury, and Mohamed, Proc. Roy. Soc., 1934, A, 147, 167. ® MacGavack and Patrick, J. Amer. 
Chem. Soc., 1920, 42, 946. 40 Patrick and Opdyke, J. Physical Chem., 1925, 29, 601. 
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¢=0 instead of a= 1. In conjunction with the convexity at higher pressures, this may give rise to an 
apparently linear range which extrapolates back to a value of a < 1, thus making “ point A’’ toolow. Insuch 
systems ‘‘ point B” values will necessarily agree better with the z values merely because they are higher 
than the “‘ point A ”’ values, so that the method may succeed by some compensation of errors and be justified 
empirically for some types of isothermal. On the other hand, it must be admitted that Brunauer (‘‘ Physical 
Adsorption of Gases and Vapours,” Oxford, 1944, p. 288) has presented extensive evidence in support of the 
point B’”’ method, but the isothermals which he describes correspond to values of » > 5 whereas those dis- 
cussed here correspond to m = 2or 3. ‘However, there can now be little doubt that both points A and B generally 
lie fairly close to the true saturation value for unimolecular adsorption. 
It is noteworthy that the experimental results for the systems summarised in the table can be represented 
y three-constant equations from zero pressure right up to the end of the linear range; e.g., taking the mean 
of the z and “ point A” values for ethyl alcohol on silica gel A, we find 


q = 108-5 x 0-91p(1 + 0-00253p) /(1 + 0-919) 
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which gives the following close agreement with the experimental values : 


1 § 10 50 100 150 200 
52 90 100 120 135 149 162 
52 88 100 120 135 149 158 


The table is not intended to be a complete record of systems giving linear isothermals, since attention has 
been directed to those systems where the data at lower pressures are sufficient to permit a test of Langmuir; 
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equation to be made. In general, the z values and the “ point A ’”’ values agree within 10%, which may be 
regarded as satisfactory in view of the approximations involved. A more important result is that in all these 
systems the corrected low-pressure data agree with the Langmuir equation, indicating that this relation is of 
much more general validity than has been hitherto supposed. We may conclude that the formation of the 
first layer takes place as originally postulated by Langmuir, and that the apparent lack of agreement with his 
equation is due to the building up of further adsorbed layers before the completion of the first. 


RoyaLt Hottoway CoLiece (UNIVERSITY OF Lonpon), 7 
ENGLEFIELD GREEN, SURREY. [Received, July 24th, 1945.) 





203. The Capsular Polysaccharide of Rhizobium Radicicolum. 


By (Miss) E. ScHLOCHTERER and M. STACEY. 


On acid hydrolysis the methylated derivative of the capsular polysaccharide synthesised by Rhizobium 
vadicicolum (Clover Bartel “‘A”’ prom Bsr approximately equimolecular parts of 2 : 3: 6-trimethy] glucose, 


2:3-dimethyl glucose, and 2: 3-dim yl glucuronic acid. Part of the last two constituents were shown to 
originate from a cellobiuronic acid derivative the presence of which relates the Rhizobium polysaccharide im- 
munologically to the Type III pneumococcus specific polysaccharide. A structure is suggested for the 
repeating unit in the Rhizobium polysaccharide. 


CERTAIN strains of Rhizobium radicicolum, the nitrogen-fixing organism living in symbiosis with the Leguminos@, 
are characterised by their remarkable power to produce large amounts of a mucilaginous capsular substance 
(Hopkins, Peterson, and Fred, J. Amer. Chem. Soc., 1930, 52, 3659; 1931, 53, 306; Cooper, Daker, and Stacey, 
Biochem. J., 1932, 1752; Bray, Schliichterer, and Stacey, Biochem. J., 1944, 154). The function of the capsule 
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in Rhizobium is incompletely understood. It may act as a food reserve material for the plant, it appears to 
form the infection threads through which the organism ramifies through the cortical cells of the plant and it 
may act as a defence mechanism for the organism against soil protozoa (Dr. H. G. Thornton, F.R.S., private 
communication). The latter protective function would be analagous to that of the specific polysaccharides 
of the pneumococcus and other pathogens. The Rhizobium capsule is composed largely of polysaccharide 
material in combination with small amounts of protein and belongs to the class of muco-polysaccharides (Stacey, 
Chem. and Ind., 1943, 62, 110). It was shown (Cooper, Daker, and Stacey, Joc. cit.) that the polysaccharide 
consisted of glucose and glucuronic acid residues only and thus resembled the specific polysaccharides of Types 
II and III pneumococcus. More recently Dr. M. Heidelberger has shown (private communication) that the 
polysaccharide from the Clover Bartel ‘‘ A” strain of Rhizobium described herein gives a precipitin reaction 
in high dilution not only with Type III pneumococcus anti-serum, but also with mixed anti-sera from other 
pneumococcus types. 

The present investigation was undertaken to determine whether there is a structural relationship between 
this polysaccharide and the pneumococcus capsular polysaccharides. 


METHODs. 


The polysaccharide was grown in artificial culture by the procedure described by Bray, Schliichterer, and 
Stacey (/oc. cit.) from a Clover Bartel “ A ”’ strain provided by Dr. Hugh Nichol of the Rothamstead Experi- 


Methylated Rhtzobium polysaccharide (25 g.) 
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hydrogen ride, etc. 
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mental Station. It was purified by repeated filtration in dilute aqueous solution through kieselguhr and was 
obtained by alcoholic precipitation as a fibrous white powder which gave solutions of high viscosity in water, 
When isolated by evaporating its aqueous solution in a vacuum desiccator the polysaccharide had the appearance 
ofatypicalgum. Methylation was smoothly effected by the agency of sodium hydroxide and methyl sulphate, 
the product being separated by dialysis. 

The methylated polysaccharide was a white powder (OMe, 39-0%, [«]}” +12° in chloroform) and was 
shown by fractional precipitation methods to be reasonably homogeneous. It was subjected to graded hydro. 
lysis by being heated with methanolic hydrogen chloride of varying strength. At each acid concentration 
level, the hydrolysate was separated into fractions each of which consisted of two main products, namely a 
mixture of methyl hexosides and the barium salt of a partly methylated uronic acid derivative. 

The separation is briefly outlined in the accompanying table. The losses in this separation were due in 
part to the manipulation losses during the involved fractionations and in part to the rather drastic hydrolysis 
conditions in the later stages which caused some degradation and production of methyl levulinate (cf. Haworth 
and co-workers, J., 1939, 1885). The only constituent units identified were 2: 3-dimethyl glucuronic acid 
(VII), 2: 3-dimethyl glucopyranose (VI), and 2: 3: 6-trimethyl glucopyranose (V) and it was estimated that 
these were present in the methylated polysaccharide in approximately equimolecular proportions. 

In this fractionation the partially methylated glucosides were identified (a) by being further methylated 
and subsequently hydrolysed to crystalline 2: 3:4: 6-tetramethyl glucose, (b) by being hydrolysed to the 
corresponding crystalline methylated hexoses and (c) by formation of the anilides of these hexoses. 

2: 3-Dimethyl glucuronic acid (VII) was identified (a) by its conversion to the characteristic 2: 3:4 
trimethyl glucuronamide, (b) by its oxidation with aqueous bromine to 2 : 3-dimethyl saccharolactone (crystal- 
line amide) and (c) by its oxidation with nitric acid to d-dimethoxy-succinic acid (crystalline amide). 

The stability of the polysaccharide and its methylated derivative to acid hydrolysis rendered unlikely the 
presence of furanose forms of (V), (VI), or (VII) as constituent units. 

The methyl pentamethyl aldobionate was identified as being derived from a tetramethyl cellobiuronic acid, 
to which the structure (IV) was assigned for the following reasons: (a) On acid hydrolysis the partly methy)- 
ated aldobionic acid split into equivalent parts of 2 : 3-dimethyl glucopyranose and 2 : 3-dimethyl glucuronic 
acid. (b) Further methylation with silver oxide and methyl iodide gave a product having the methoxyl 
content and equivalent weight required by a fully methylated aldohexobionic acid. (c) This methy] ester of 
heptamethy] aldobionic acid was hydrolysed to its constituent units which were identified as approx. equivalent 
parts of 2 : 3-dimethyl glucuronic acid and 2 : 3: 4: 6-tetramethyl glucopyranose. 


DISCUSSION. 


By acid hydrolysis the methylated polysaccharide was resolved into its constituent units which were recog- 
nised as 2 : 3 : 6-trimethyl glucose (one part), 2 : 3-dimethyl glucose (one part), and 2 : 3-dimethyl glucuronic 
acid (one part). A portion of the last two constituents was shown to be derived from the tetramethy! cello- 
biuronic acid (IV) the characterisation of which appears to indicate that cellobiuronic acid units form part of 
the structure of the original polysaccharide. These units are of high immunological significance (see below). 

It is a striking fact that no fully methylated derivatives could be found among the hydrolysis products of 
the methylated polysaccharide. This indicates that ‘‘ end ”’ residues do not form part of its structure which 
cannot therefore be of the terminated linear type such as is present in starch or cellulose. Since the di- and 
trimethyl glucoses and the dimethyl glucuronic acid are present in equimolecular amounts the minimum 
repeating unit is that of a trisaccharide composed of two methylated glucopyranose units (I) and (II) anda 
methylated glucuronic acid unit (III) linked in such a manner that (I) gives rise to 2 : 3 : 6-trimethy! glucose 
(V), (II) gives rise to 2 : 3-dimethyl glucose (VI), and (III) gives 2 : 3-dimethyl glucuronic acid (VII). 
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The characterisation of the tetramethyl aldobionic acid (IV) proves that (II) and (III) exist in combinatioa 
by means of 1 : 4-8-linkages, but the method of hydrolysis did not give a means of assaying the amount of (IV). 
From the ash contents of the mineral salts of the polysaccharide and the acid equivalents of the methylated 
oligosaccharides obtained on partial hydrolysis, it was clear that all the carboxy] groups in the glucuronic acid 
residues were free, a property which appears to be a characteristic of most polyuronic acids. 
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Based on the isolation of a cellobiuronic acid derivative and on the directional increases in rotation in the 
positive sense on acid hydrolysis of the polysaccharide and its methylated derivative it appears that the main 
linkages are of the B-type, but the presence of some «-linkages is not excluded. 

Although the evidence provided by the investigation is insufficient to give a detailed configuration of the 
polysaccharide and despite the fact that opportunity has not been found to make molecular weight determin- 
ations, it is possible to give an indication of the type of structure and to relate it to that of the Type III pneumo- 
coccus specific polysaccharide. 

Thus, from the isolation of (IV) it is clear that in the minimum trisaccharide repeating unit (II) must be 
interposed between (I) and (III) giving a structure of the type shown in (VIII). The manner in which this 


H,0O--- 

ee, scale J O H 

“ihe Eel lac gs * 
| Oo —o | 
CH,OH CO,H Jz 
. (VIII.) 
repeating unit is combined in the polysaccharide is not yet apparent though a likely possibility is that by 
linkages engaging C, of (III) and C, of (I) it forms part of a chain structure. In this chain, C, of (II) must be 
further engaged in polymeric cross-linkage probably with similar chains, finally building up a highly complex 
laminated molecule. 

In its numerous linkages of the 1 : 6-8-type the structure bears some relationship to that of cellulose and 
more closely to that of some types of oxycellulose. In this connection it is of particular interest to note the 
work of Heidelberger and Hobby (Proc. Nat. Acad. Sci., 1942, 28, 516) who have connected the serological 
relationships which exist between the pneumococcus specific polysaccharides (Types III and VIII) and certain 
oxycelluloses (Zackel and Kenyon, J. Amer. Chem. Soc., 1942, 64, 121), with a close structural similarity 
particularly characterised by cellobiuronic acid constituents. Thus, an oxycellulose with 21% of its primary 
alcohol groups oxidised to carboxyls and having a glucose: glucuronic acid ratio of 1:1, precipitated more 
specifically with Type III pneumococcus antiserum; while an oxy-cellulose with 16% of its primary alcoholic 
groups oxidised to carboxyls and having a glucose : glucuronic acid ratio of 2: 1 precipitated more specifically 
with Type VIII pneumococcus antiserum: These observations were in keeping with the facts that Type III 
pheumococcus specific polysaccharide has a glucose : glucuronic acid ratio of 1: 1 while the Type VIII poly- 
saccharide has a glucose : glucuronic acid ratio of 2: 1. , , 

The Type III polysaccharide was shown by Reeves and Goebel (J. Biol. Chem., 1941, 139, 511) to possess 


the structure shown in (IX) while the related oxycellulose would presumably have a structure of the type shown 
in (X). 
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Heidelberger and Hobby (ioc. cit.) consider that their results emphasise the existence of a strict correlation 
between chemical constitution and immunological specificity and show that predictions as to serological 
reactivity may be made when the structure of the repeating unit responsible for the reactivity is known. In 
this case the responsible unit is cellobiuronic acid (cf. W. F. Goebel, J. Exp. Med., 1939, 69, 33) and the presence 
of this same unit undoubtedly accounts for the cross-specificity shown by the reaction between the Rhizobium 
Polysaccharide and Type III pneumococcus antiserum. The lower degree of cross specificity in this reaction 
when compared with the reaction between the Type III polysaccharide and its homologous antiserum is 
accounted for by the differences herewith shown in the finer detailed structure of (VIII) and (IX). 


~ 


EXPERIMENTAL. 


The acidic polysaccharide, an aqueous solution of which had been repeatedly filtered through a pad of kieselguhr, 
be obtained on acid alcoholic precipitation as a white fibrous mass having [a]?” —17° in water (c, 1-0); ash, 2%; 
— anhydride, 18% (this value islower than that found by isolation of the methylated uronic acid derivative). For 

kere of methylation a material was used which had been precipitated once only and had ash, 38-4%. . 
ah he polysaccharide in dilutions of 1: 100,000 reacted after 4 hours at room temperature with Type III and with 
ced Types VI and XIV antipneumococcus horse sera (private communication from Dr. M. Heidelberger). 
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Methylation of the Polysaccharide.—The material (5 g.) was dissolved in distilled water (20 c.c.), allowed to swel] 
for about three hours, and then 50 c.c. of a 30% sodium hydroxide solution were added. This solution was allowed to 
stand for 15 hours, stirred for one hour in the cold, and over a period of 7 hours, acetone (150 c.c.), dimethyl sulphate 
(90 c.c.) and 30% sodium hvdroxide (130 c.c.) were added in amounts of 1/10th at a time, keeping the temperature at 
25°. The solution was then cooled in ice and slowly neutralised with 5n sulphuric acid. It was then dialysed against 
tap water until it was free from sulphate. After concentration to a small bulk in a vacuum at 40° the solution was 
methylated a second time under the above conditions. After 3 metbylations acidification of the methylation mixture 
gave a gum-like product which was isolated by filtration through cloth. 

The gum was dissolved in acetone, dried over anhydrous magnesium sulphate, the solution filtered and concentrated 
to a small bulk. Attempted precipitation from ligroin (b. p. 40—60°) was unsuccessful since the methylate still came 
down as an intractable gum. The gum was therefore dissolved in little acetone, methylated with silver oxide and methy| 
iodide, and the product extracted with acetone, the combined extracts then being evaporated giving a mobile syrup, 
This was poured into a large excess of ligroin with continuous stirring. There was obtained a fine yellow powder 
which was separated and dried ina vacuum. The product (3-6 g.) had ash, 2-4; OMe, 32-9%. After six methylations 
a fine white powder (2-7 g.) was obtained by precipitation from ligroin and had OMe, 38-6%. Further methylations 
failed to give any significant increase in methoxyl content. 

Fractionation of methylated polysaccharide. The methylated polysaccharide prepared as above (37 g.) was dissolved 
in chloroform (300 c.c.) giving a thin syrup, and by fractional addition of ligroin, four fractions were obtained. They 
were triturated with ligroin, dried thoroughly at 60° in a vacuum and had the following constants : 


Fraction. Yield (g.). [a]? in chloroform. % OMe. % Ash. 1° in m-cresol. 
I 4-9 11-6 38°6 0-06 0-13 
II 12:3 38-6 0-17 0-16 
III , 13-0 37-7 0-12 0-11 
IV : 12-9 37-0 0-20 0-09 


These data showed that the methylated polysaccharide was reasonably homogeneous. 

Hydrolysis of the methylated polysaccharide. Various strengths of methanolic hydrogen chloride were first tried in 
order to find the minimum concentration of hydrogen chloride which would effect hydrolysis. This was found to be 1%. 

The methylated polysaccharide (25 g.) was dissolved in 1% methanolic hydrogen chloride (1500 c.c.) and heated under 
reflux at 70—75° when the following readings were obtained: [a]? +8° (1 hr.), +15° (2 hrs.), +18° (3 hrs.), +20) 
(4 hrs.), +24° (6 hrs.), +29° (9 hrs.), +32° (14 hrs.), +35° (19 hrs.), +37° (21 hrs.), +40° (24 hrs.), +43° (30 hrs. 
(equilibrium value). The solution did not reduce boiling Fehling’s solution and it was neutralised with silver carbonate. 
The filtered liquid was concentrated under diminished pressure at 40—50° to a syrup which was digested with saturated 
barium hydroxide solution (750 c.c.) at 50—60° for 3 hours. The solution, neutralised with carbon dioxide, was filtered 
and concentrated in a vacuum at 40—50° and the dry residue dissolved in dry methanol. Ether was added until a faint 
precipitate just appeared and then ligroin was added to precipitate a barium salt. After this had settled, the clear 
supernatant liquid was decanted, the residue redissolved in dry methanol and the barium salt reprecipitated as before. 
This process was repeated and the combined supernatant liquids were taken down to a syrup ‘‘ Hexosides I’’; OMe, 
40-0%; [a]? +68-3° in chloroform (c, 0-85). 

Investigation of ‘‘ Hexosides I.’’—Fraction ‘‘ Hexosides I ” (3-46 g.) was transferred to a Widmer flask and the follow- 
ing fractions were obtained on distillation in a high vacuum : 


Fraction. Weight (g.). B. p. at 002mm. n}¥*. % OMe. Physical state. 
sin niheebackeskipheetie vik 0-42 120° 1-4565 Mobile colourless syrup. 
ie weansedienah 0-47 160—170 1-4592 , Mobile colourless syrup. 
nich tah dedek ade cbevekigenate 0-38 170—175 1-4622 , Mobile colourless syrup. 
(smaller flask) 0-27 158—-170 1-4670 , Fairly mobile colourless syrup. 
bocehe acmubeahpayenee cee em ess 0-21 170 1-4695 ; Fairly mobile syrup. 
1-69 Residue —- . Dark brittle mass. 


The refractive indices and the methoxyl contents of fractions A II, A III, and A, IV indicated that they might contain 
some tri- and some di-methyl methylhexosides. They were therefore combined and redistilled. One fraction [A II(al] 
(0-68 g.), b. p. 116—123°/0-024 mm., was obtained having nl" 1-4575; OMe, 49-7%. The residue [A II(R)) in the 
distilling flask (0-4 g.) had OMe, 42-06%; its further treatment will be described later. 

Identification of fraction A I and A II(a). Fraction, A II(a), (0-1 g.), on hydrolysis with n hydrochloric acid at 100° 
showed : [a]7”” +100° (initial), + 102° (15 minutes), + 105° (30 mins.), +104° (60 mins.), +102° (2 hrs.), +99° (3 hrs), 
+93° (5 hrs.), +92° (7 hrs.), +88° (9 hrs)., +85° (13 hrs.). The solution was neutralised with barium carbonate, filtered 
and concentrated in a vacuum at 40° almost to dryness. The residue was extracted with chloroform, the chloroform 
extracts dried over anhydrous magnesium sulphate and, after filtering, concentrated toa syrup. After solution in ether 
and removal of the solvent, it crystallised (0-077 g.). It was recrystallised several times from ether and had m. p. lI7 
one ae in admixture with an authentic specimen of 2: 3: 6-trimethyl glucose; [a]? +90-3°-—> +70-5° in water 

c, 0°52). 

The combined fractions, A I and A II(a) were hydrolysed by being heated with n hydrochloric acid as above : [aly 
+109° (initial) +78° (15 hrs.). After the usual procedure, crystalline 2: 3 : 6-trimethyl wees was obtained 
tg yield and crystallised several times from ether (Found: C, 48-8; H, 8-35; OMe, 42-1. Calc. for C,H,,0: 

, 486; H, 85; OMe, 41-8%). 
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Treatment of residue from the distillation of Hexosides I. The dark resin-like residue (fraction A VI) (1-69 g.) ¥# 
hydrolysed by being heated with 10% methanolic hydrogen chloride for 30 hours. After the usual procedure and the 
formation of the barium salt, a material (0-92 g.) (OMe, 40-9%), possibly ‘‘ Hexosides,” was isolated. The barium salt 
(0-25 g.) was added to the barium salt obtained from a further 10% methanolic hydrogen chloride hydrolysis (see later). 

ie a * were combined with fraction A II(R) and distilled in a high vacuum, when the following fractions 
were obtained : 


Fraction. Weight (g.). B. p. at 0-02 mm. oe % OMe. Physical state. 
vee O°214 132—137° 1-4592 48-1 Mobile syrup. 
0-119 140—150 1-4600 45:3 Mobile syrup. 
Transferred to smaller flask. 
0-328 138—143 1-5710 Viscid syrup. _ 
0-493 Residue . Dark brittle resin. 
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The residue (0-49 g.) was again rehydrolysed by being heated with 10% methanolic hydrogen chloride for 50 hours and 
after the usual procedure 0-303 g. of hexosides (OMe, 35-9%) was obtained. No barium salt could be detected. The 
methoxyl content (35-9%) of the hexosides indicated that the residue consisted mainly of dimethyl methylhexosides. 

The loss in this hydrolysis and in subsequent hydrolyses using 10% methanolic hydrogen chloride was due in part 
(1—3%) to the formation of methyl levulinate, nj" 1-422 (Found: OMe, 23-0. Calc. for C,H,,90,: OMe, 238%). Since 
there appeared to be no way of avoiding the loss (cf. Haworth and co-workers, J., 1939, 1885) this degradation product 
was distilled off with the solvent from the glucoside and ester mixtures. 

Identification of dimethyl methylhexoside fractions. Fraction A V (0-204 g.) was hydrolysed by being heated with 
n hydrochloric acid until equilibrium was reached : [aly +85° (15 minutes), +94° (1 hr.), +76° (24 brs.), +59° (8 hrs.), 
444° (12 hrs.). The solution was neutralised with barium carbonate, filtered and the filtrate concentrated in a vacuum 
to dryness. The dry residue was extracted with acetone and the acetone extracts were concentrated to a syrup which 
showed [a]??*" +66°-—> +58° in water (c, 0-78). : 

Fraction A III (b) (0-328 g.) was hydrolysed in the same way and the free sugar obtained was combined with that 
from Fraction A V above and called ‘‘ Fraction D.”’ 

Anilide formation. The dimethyl hexose Fraction D (0-34 g.) was converted quantitatively in the usual way to an 
anilide which came down in the form of colourless crystals, m. p. 134° alone or in admixture with an authentic specimen 
of 2: 3-dimethyl glucose anilide (Found: C, 59-2; H, 7-4; N, 4:7; OMe, 21-5. C,,H,,O,N requires C, 59-4; H, 7-4; 
N, 50; OMe, 21-9%). ie : 

Methylation of Hexosides I.—These hexosides (0-37 g.) were methylated four times with methyl iodide and silver oxide. 
The resulting syrup (0-348 g.) was then distilled in a high vacuum when the following fractions were obtained : 


Fraction. Weight (g.). B.p.at003mm. n}*. Physical state. 
I 0-094 95—100° 1-4430 Mobile colourless syrup. 
II 0-175 100—115 1-4450 Mobile colourless syrup. 
0-084 Residue 1-4450 Brown syrup. 


Fractions I and II were combined (0-169 g.) and hydrolysed by being heated with 6% hydrochloric acid. The following 
readings were taken : [a]? +61-4° (initial), +56-7° (30 minutes), +54-3° (60 mins.), +51-9° (120 mins.), +40-1° (240 
mins.). The solution was neutralised with barium carbonate and the product, isolated in the usual way, was 2: 3: 4: 6- 
tetramethyl glucopyranose, m. p. 92—93°, [a]}®° + 100°» +82-5° in water (c, 0-34). 

That Hexosides I consisted of glucose only, was also indicated when the porous porcelains on which the tetramethyl 
glucose crystals had been drained were extracted with chloroform and the resulting syrup dissolved in absolute alcohol 
(20 c.c.). After addition of freshly distilled aniline (0-1 c.c.), the solution was heated under reflux for 5—6hours. After 
removal of the solvent, crystals separated out; these were recrystallised from hot absolute alcohol. They had m. p. 
135—136° alone and in admixture with an authentic specimen of 2 : 3 : 4: 6-tetramethyl glucopyranose anilide. 

The foregoing investigations showed that the Hexosides I consist of glucose only and that about 50% is 2:3: 6- 
trimethyl methylglucoside and about 50% 2 : 3-dimethyl methylglucoside. 

“ Barium Salt I.”"—The barium salt obtained from the 1% me olic hydrogen chloride hydrolysis had the following 
constants: ash, 28-7; Ba, 16-9; OMe, 25°8%; [a]}®® +19-4° in chloroform (c, 0-72). 

Esterification of barium salt I. The barium salt (1-1 g.) was dissolved in 1% methanolic hydrogen chloride (100 c.c.) 
and heated under reflux at 70—75° for 7 hours. After neutralisation with silver carbonate, the filtered solution was 
concentrated in a vacuum and the dry residue extracted with chloroform. On removal of the solvent the syrup was again 


extracted with chloroform removal of which gave ‘‘ Ester I” (0-97 g.) (equiv., 509). On distillation in a high vacuum the 
following fractions were obtained : 


Weight (g.). B. p. at 0-01 mm. nie. % OMe. Physical state. 
‘ 0-13 168—180° 1-4700 39-8 Colourless syrup. 
0-05 180—210 1-4750 41-0 Colourless . 
0-64 Residue a 41-9 Dark and brittle. 


Fractions E I and E II were methylated further, but the product could not be satisfactorily distilled, and it was apparent 
that Ester I was a partly methylated oligosaccharide. 

Hydrolysis of barium saltI. ‘‘ Barium salt I” (30 g.) was hydrolysed by being heated with 8% methanolic hydrogen 
chloride (1500 c.c.) and the following readings were obtained : [a]? +66° (3 hours), +81° (8 rs +86° (12 hrs.), +98° 
(16 hrs.). The solution was non-reducing to boiling Fehling’s solution and after the usual procedure of neutralisation 
with silver carbonate and concentration of the filtrate, the ‘‘ Barium salt II ” was formed by digestion with saturated 
barium hydroxide solution. Separation of hexosides and Barium salt II by the precipitation method described above 
gave acetone-soluble ‘* Hexosides II ” (5-25 g.) having OMe, 44-36%; [a]p’* +.85-8° in chloroform (c, 0-27).. Further 
methylation of Hexosides II gave in ee yield a syrup, b. p. 105—110° at 0-03 mm., m}® 1-4440, which on 
hydrolysis gave 2: 3:4: 6-tetramethyl glucopyranose, m. p. 92° (anilide m. p. 135—136°), also in quantitative yield. 
Hexosides II thus consists of glucose derivatives only. 


pore of ‘‘ Hexosides II.’’—Hexosides II (2-86 g.) were distilled in a high vacuum and the. following fractions 
were obtained : 


Fractions. Weight (g.). B. p. at 0-02 mm. . Physical state. 
econes eodaenmes sadayaouess 0-735 110—118° 1-4575 , Mobile colourless syrup. 
: ccocoubenagitepaiunssace eve 0-530 118—122 1-4595 , Mobile colourless syrup. 


A” <poncgummmeatipabsctebhide 0-471 145 1-4705 . Viscid colourless syrup. 
V  saasaduhnpeplbsubsccden 0-275 165—169 1-4762 38 Viscid colourless syrup. 


ee FIO ee Residue — , Dark and brittle glass. 


hy above data appeared to indicate that fractions B I and B II represented trimethyl methylglucosides, and fractions 
Ill and BIV dimethyl methylglucosides; they were examined as follows : 


Hydrolysis of action BI. <A portion of fraction B I (100 mg.) was hydrolysed by being heated with n hydrochloric 


acid and the fo owing changes were observed: [a]?”” +92° (initial), +93° (30 mins.), +93° (60 mins.), +98° (180 
muns.), +-96° (6 hrs.), +87° (12 hrs.), +84° (14 hrs.). After the usual procedure a crystalline substance (76 mg.) 
Was obtained which, after repeated recrystallisation from ether, had m. p. 117° alone and in admixture with an authentic 
x of 2:3 : 6-trimethyl glucopyranose. This showed that the trimethyl fractions of ‘‘ Hexosides Il’ consisted 
: 3: 6-trimethyl methylglucopyranoside (approx. 50%). ‘ 
Hydrolysis of fraction B IIIT. A portion of fraction B III (100 mg.) was hydrolysed with w hydrochloric acid and the 





782 The Capsular Polysaccharide of Rhizobium Radicicolum. 


following readings were taken: [a]? +98° (initial), +94-5° (30 mins.), +90-9° (90 mins.), +81-8° (3 hrs.), +8]. 
(5 hrs.), +78° (10 hrs.). After the usual procedure and extraction with acetone, the free Hexose D II (87-4 mg.) was 
obtained. 

Formation of anilide of dimethyl hexose of ‘‘ Hexosides II.’’ The Hexose D II (87-4 mg.) was dissolved in absolut 
alcohol and after addition of 0-46 c.c. of freshly distilled aniline was heated under reflux for 5—6 hours. The solvent 
was removed and the syrupy residue crystallised completely and was triturated with ether. The crystals were kept at 
0° for 48 hours and filtered off. After recrystallisation they had m. p. 134° alone and in admixture with 2 : 3-dimethy| 

lucose anilide. 
9 Fractions B III and B IV crystallised on inoculation with 2 : 3-dimethyl a-methylglucoside. The crystallised materia) 
was drained for several days on porous porcelain until quite dry. It had m. p. and mixed m. p. 82—83° with 2: 3. 
dimethyl a-methylglucoside. 

Hydrolysis of residue B V of ‘‘ Hexosides II ”’ distillation. The dark brittle residue (0-75 g.) was hydrolysed with 2x 
sulphuric acid. A small precipitate separated out at once and the following readings were obtained : [a]#?" +93° (39 
mins.), +80° (60 mins.), +78° (90 mins.), +75° (2$ hrs.), +72° (34 hrs.). The solution was neutralised with bariyn 
carbonate and the filtered solution taken down to dryness ina vacuum. The dry residue was extracted several times 
with ethanol and the alcoholic extracts were concentrated in a vacuum to a syrup (0-617 g.) having OMe, 30-1%; it 
reduced boiling Fehling’s solution, and contained no barium. 

The free sugar (0-6 g.) was converted into the methylglucoside, which when distilled in a high vacuum gave one 
fraction (0-29 g.) having b. p. 145—150° at 0-02 mm.; nj} 1-4690; OMe, 43-2%. This indicated that the residue By 
also consisted mainly of dimethyl methylglucoside. It was inoculated with a crystal of 2 : 3-dimethyl a-methylgluco. 
pyranoside and it slowly crystallised. The residue of this distillation (0-189 g.) was a hard brown mass which was 
later added to Barium Salt II. 

Properties of ‘‘ Barium Salt I1.’’ The reprecipitated Barium Salt II had ash, 33-7; Ba, 20-7; OMe, 30-0%. 

A sample (0-27 g.) of this salt was esterified in the usual way and the resulting ‘‘ Ester II ’’ was methylated four times 
with methyl iodide and silver oxide. After four methylations it had OMe, 42-6% and since this value did not correspond 
to a fully methylated methyl aldobionate or to a fully methylated methyl hexuronate, two more methylations were 
carried out. The ester (190 mg.) then had OMe, 45-3% and was distilled in a high vacuum. 


Fraction. Weight (g.). B. p. at 0-015 mm. ni. Physical state. 
BI ccnceccccscesensssscascccce ces 0-032 140—175° 1-4550 Mobile colourless syrup. 
BAL onc ccrcccscocconsecssscc ccs cee 0-036 175—195 1-4678 Viscid colourless syrup. 
ee ors el eae Oe 0-120 — — Viscid syrup. 


Thus Ester II was still mainly of an oligosaccharide nature. 

Hydrolysis of ‘* Barium Sali II.”” Barium Salt II (20 g.) was hydrolysed further, using a 10% methanolic hydrogen 
chloride solution (1000 c.c.). The solution was non-reducing to boiling Fehling’s solution and was neutralised with silver 
carbonate. Digestion with saturated barium hydroxide solution and subsequent precipitation gave, together witha 
Barium Salt III, ‘‘ Hexosides III ” (3-44 g.) having: OMe, 33-0%; [a]??® +57-3° in chloroform (c, 0-73). 

Investigation of ‘‘ Hexosides III.’’ By further methylation followed by hydrolysis, Hexosides III were quantitatively 
converted into 2:3: 4: 6-tetramethyl glucopyranose. 

Distillation of ‘‘ Hexosides III.” ‘‘ Hexosides III ”’ (2 g.) were distilled in a high vacuum and the following fractions 
were obtained : 


Fraction. Weight (g.). B. p. at 0-02 mm. ni’,  - % OMe. Physical state. 
Oe + eb ndesbun subcadesetad erases see 0-509 125—133° 1-4612 48°5 Colourless syrup. 
Oe. ee 158—163 1-4650 45-1 Colourless syrup. 
Gr BEI, ike pis kocimadngs ie ckeoge vps 1-357 Residue — 27-9 Hard and brittle. 


The residue C III (1-35 g.) was dissolved in 2n sulphuric acid and hydrolysed until equilibrium was obtained. A small 
flocculent precipitate separated out at the commencement of the hydrolysis. The following changes were observed: 
[a]%” +65° (30 mins.), +62° (24 hrs.), +64° (4$ hrs.), +70° (7 hrs.), +82° (9 hrs.). After neutralisation with barium 
carbonate and filtration, the solution was concentrated to dryness in a vacuum, and the dry residue was extracted with 
boiling ethanol. The combined alcoholic extracts gave a free hexose (0-71 g.). Extraction of the dry residue with hot 
water and subsequent treatment gave a barium salt (0-130 g.) which was added to Barium Salt III. 

The free hexose (0-7 g.) had OMe, 25-3% and was converted into the methylglucosides and gave on distillation in high 
vacuum : 


Fraction. Weight (g.). B.p.at0-0lmm. n??*. % OMe. Physical state. 
Gree BW Acccducses absbeabetonaie 0-205 135—139° 1-4650 46°5 Colourless syrup. 
GDS. © dat foacsletcovcibaneden 0-185 150—158 1-4695 38°3 Viscid colourless syrup. 
GR TED one ciscce coe csscoseSbece 0-302 Residue _ —_ Very hard dark mass. 


Identification of fraction C I. Fraction C I from ‘‘ Hexosides III ’’ (0-112 g.) was hydrolysed by being heated with 
N hydrochloric acid until equilibrium was obtained : [a]? +96° (initial), +98° (30 mins.), +94-6° (90 mins.), +89? 
(4 hrs.), -+-85°7° (54 hrs.), +78-5° (7 hrs.). After the usual procedure a syrup (0-96 g.) was obtained which crystallised 
toa hard mass. After repeated crystalllisation from hot ether, the crystals had m. p. 117° alone and in admixture with 
an authentic specimen of 2 : 3 : 6-trimethyl glucopyranose. Fractions C II and CR I similarly were hydrolysed to give 
this substance in ca. 90% yield. } ; 

Fraction CR II was inoculated-with a crystal of the authentic 2 : 3-dimethyl a-methylglucopyranoside and it readily 
crystallised. It thus was clear that ‘‘ Hexosides III ” also was composed of glucose derivatives only. The proportion 
of tri- to di-methyl methylglucoside is about equal. 

Properties of ‘‘ Ester III.’’—A sample of “‘ ium Salt III’ (2-75 g.) was esterified by being heated under reflux for 
7 hours with 1% methanolic hydrogen chloride (300 c.c.). The resulting ‘‘ Ester III ” was a dark viscous syrup (1-43 8) 
which was insoluble in ether (OMe, 36-6%; equiv., 286). A small amount of this ester (370 mg.) was methylated three 
times with methyl iodide and silver oxide, giving a syrup (OMe, 49-0%) which could not be satisfactorily distilled, indi- 
cating that this ‘‘ Ester III ” too was possibly of an oligosaccharide nature. It was further hydrolysed. ; P 

10% Methyl-alcoholic hydrogen chloride hydrolysis of ‘‘ Ester III.’’ ‘‘ Ester IIL” (9 g.) was hydrolysed with 10 iy 
methanolic hydrogen chloride (1000 c.c.) for 24 hours until equilibrium had been obtained; [a]??” +104° > 120° | 
hrs.). The barium salt was prepared in the usual way and a small amount of ‘‘ Hexosides IV ’’ (0-373 g.) was isolated. 
Esterification of the barium salt was carried out as before and an ether soluble ‘‘ Ester IV ”’ (8-0 g.) was obtained. 
the usual procedure ‘‘ Hexosides IV ” were shown to consist entirely of 2 : 3-dimethyl methylglucoside. 
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Fraction. Weight (g.) B. p. at 0-018 mm. np, % OMe. Physical state. 


FL cecctescséccccnctscccccccse §8=6§ CORES 135° 1-4550 _— Mobile colourless syrup. 
BUD sande wcrcccccccccvesecee . ORES 210 1-4685 43-5 Colourless syrup. 
OE LUE  sockcssiascianinseceseest. > Gee Residue — _— Dark and brittle. 


Fraction H I was dissolved in a few c.c. of dry methanol and ammonia was passed into the solution at 0° for some minutes. 
The solution was kept at 0° for two days. After removal of the solvent an amide crystallised out. It was recrystallised 
several times from alcohol-ether-ligroin. The crystals had m. p. 183° alone and in admixture with an authentic 
specimen of 1:2:3: 4-tetramethyl glucuronic acid amide (Found: C, 48-0; H, 7-7; N, 6-05; OMe, 48-6. Calc. for 
CyHyOeN : C, 48:1; H, 7-6; N, 5-6; OMe, 498%). 

Fractions H II and H III were methylated further with silver oxide and methyl iodide and the products on treatment 
with ammonia gave further crops (0-25 g. and 0-45 g.) of the above amide. 

Hydrolysis of Ester V. A sample (0-62 g.) was dissolved in N hydrochloric acid (50 c.c.) and heated at 95°. The 
rotation changed as follows: [a] +84° (initial), +87° (30 mins.), +77° (2 hrs.), +68° (4 hrs.), +59° (7 hrs.), 
454° (9 hrs.) (equilibrium value). The solution was neutralised with barium carbonate and then evaporated to dryness. 
No hexose derivatives could be extracted from the barium salt. The free acid, a syrup (0-55 g.), was extracted in the 
usual way and had [a]?/° +40° in water (c, 1-0) (OMe, 27-4%). 

Oxidation with bromine. The syrup (0-5 g.) was dissolved in water (10 c.c.) and bromine (1 c.c.) added. The liquid 
was kept at 40° for 48 hours and then no longer reduced Fehling’s solution. The bromine was removed by aeration and 
the solution neutralised with silver carbonate, filtered before and after treatment with hydrogen sulphide and then 
evaporated to a syrup under diminished pressure. This syrup was esterified by being boiled for 6 hours with 2% meth- 
anolic hydrogen chloride (50 c.c.). The hydrogen chloride was removed by means of silver carbonate and the filtered 
solution saturated with dry ammonia. After being kept for 24 hours a little of the methanol was removed in a vacuum 
desiccator, a crystalline amide (0°38 g.) separating. After recrystallisation from ethanol the substance had m. p. 
156° alone and in admixture with 2 : 3-dimethyl glucosaccharamide described by Sniith (J., 1940, 1044). 

Oxidation of 2: 3-Dimethyl Methylglucuronoside Methyl Ester with Nitric Acid.—A sample of Ester V (2-0 g.) was oxidised 
with nitric acid (d, 1-42) by essentially the method described by Smith (Joc. cit.). The main product after esterification 
was a syrup (1-1 g.), b. p. 98°/0-02 mm., [a]f” +56° in water (c, 1-0), consisting mainly of methy] d-dimethoxysuccinate 
since on treatment with methanolic ammonia it gave a quantitative yield of d-dimethoxysuccinamide, m. p. 287° (decomp.) 
alone or in admixture with an authentic specimen, [a]?! +88° in water (c, 1-1). 

The residual syrup (0-3 g.) was treated with methanolic ammonia in the usual way and there was obtained a mixture 
of amides from which a small amount (0-1 g:) of 2 : 3-dimethyl glucosaccharamide, m. p. 186°, was obtained. 

Examination of Ester VI.—It had [a]}®’ —20° in water, OMe, 42-6%, equiv., 430. A hexamethyl aldobionate, 
CisHq2012, requires OMe, 43-3; equiv., 440. On hydrolysis with 2n sulphuric acid ([a]}” —20°-> +40° after 12 hrs.) 
a mixture of reducing sugars was obtained. After boiling this mixture with 2% methanolic hydrogen chloride the 
products were separated into a mixture of glucosides (0-2 g.) and the ester of a dimethyl hexuronic acid (0-2 g.). By the 
methods described above these were readily identified as 2 : 3-dimethyl methylglucoside and 2 : 3-dimethyl methyl- 

lucuronate. 

f Methylation of Ester VI. A sample (0-6 g.) was methylated six times with silver oxide and methyl iodide and a syrup. 
(06 g.) was obtained having [a]?®” —30° (c, 1-1) (changing to +42° on hydrolysis with 2n sulphuric acid) (Found : OMe, 
510; equiv., 460. Calc. for heptamethyl methyl cellobiuronate, Cy5H,,0,,: OMe, 53-0%; equiv., 468). 

The syrup,was hydrolysed by being heated with 10% methanolic hydrogen chloride in a sealed tube at 130° for 2 
hours. the hydrolysis products were identified, by the methods described above, as 2: 3: 4: 6-tetramethyl methyl- 
glucoside (0-25 g.) and 2 : 3-dimethylglucuronic acid methyl ester (0-20 g.). 
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204. Studies on Sugar Osazones. Part VII.* A Comparison of the Phenylosazones- 
prepared from 3: 6-Anhydro-d-glucose and 3: 6-Anhydro-d-galactose with the 
Anhydro-osazones prepared from d-Galactosazone and d-Glucosazone by the Method 
of Diels and Meyer. 

By E. G. V. PERCIVAL. 

Evidence is presented that the anhydro-osazone prepared by the method of Diels and Meyer (Amnalen, 
1935, 519, 157) from galactosazone is identical with 3 : 6-anhydrogalactosazone and structures are proposed 
for this compound and an isomeric 3 : 6-anhydrogalactosazone prepared from 3 : 6-anhydrogalactosazone diacetate. 

In the glucose series it is shown that 3: 6-anhydroglucosazone and the anhydro-osazone prepared by 


Diels’ method are not identical and the probable reasons for this and possible structures are discussed. 
A new dehydro-3 : 6-anhydroglucosazone and its diacetate are described. 


In 1935 Diels and Meyer (Amnalen, 1935, 519, 157) isolated osazone anhydrides from galactosazone and 
glucosazone by boiling with alcohol containing a small quantity of sulphuric acid, and represented these 
derivatives as the 3: 6-anhydro-osazones (I), but Diels, Meyer, and Onnen (Amnalen, 1936, 525, 94) suggested 


a Parts I to VI of this series are as follows: J., 1935, 1398; 1936, 1770; 1937, 1320; 1938, 1384; 1940, 1479: 1941, 
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that these products were in fact pyrazole derivatives (II) produced as indicated. The suggestion was made 
(Percival and Percival, J., 1937, 1320) that these compounds like the parent osazones (Percival and Percival, 
H=N. H=N 


PhNH-NH- NwPh PhNH-N \NHPh 
ean H-OH 


H-OH H-OH 

H-OH H-OH 

H,OH H,OH 
(II.) 


J., 1935, 1398; Muir and Percival, J., 1940, 1479), and the dianhydrohexosazone (Percival, J., 1936, 1770. 
1938, 1384) possessed an oxide ring structure since the anhydro-osazones of Diels gave diacetates instead of 
triacetates. More recently the isolation of a second osazone from 3 : 6-anhydroglucose (this vol., p. 119) was 
reported, so that it was considered advisable to review the situation. 

From the data in the following table it will be seen that whereas the osazone prepared from 3 : 6-anhydro- 
galactose and that prepared from galactosazone by Diels’ method are identical, this is not the case in the glucose 
series. 


Galactose. Glucose. 
Osazone from 3: 6- 
anhydro-sugar .......... M. p. 215°, [a]}/*° +71° (in methanol) M. p. 187°, [a]}¥° —150° (in methanol) 
Diacetate ......... M. p. 74—76°, (a) i" +62° (in chloroform) M. p. 190°, [a]}?" —49° (in aeiasetern) 
Osazone by Diels’ method M. p. 215°, [ali +71° (in methanol) M. p. 176—178°, [a}}¥" — 157° (in methanol) 
Diacetate  ...........00.508 M. p. 74-—75°. [a]}f* +64° (in chloroform) M. p. 90°, [a}}° — 145° (in chloroform) 


The structure eae by Diels, Meyer, and Onnen (loc. cit.) for the anhydrogalactosazone is, nevertheless, 
incorrect, since it should yield a triacetate, a monoacetone derivative and a 6-toluene-p-sulphonate which 
would react with sodium iodide (Oldham and Rutherford, J. Amer. Chem. Soc., 1932, 54, 366). None of these 
compounds has been isolated, in fact the toluene-p-sulphonate could not be isolated by the usual method nor 
could a triphenylmethyl ether be prepared; it is obvious therefore that Diels’ formula for 3 : 6-anhydro- 
galactosazone must be modified. There seems no reason to depart from the view that the 3 : 6-anhydro ring 
is still retained in this compound so that formulations (III), (IV), and (V) must be considered since interaction 
between C, and C, is rendered impossible on stereochemical grounds in the galactose series. 








H=N-NH-C,H, H-NH-NH-C,H, 
=N-NH-C,H, 











2 
(III.) 


Haworth, Jackson, and Smith (J., 1940, 620) and Haworth, Owen, and Smith (ibid., 1941, 88) have made it 
clear that compounds of 3 : 6-anhydro-sugars having 1 : 5-pyranose rings are in a state of considerable strain, 
which in the glucose series may be relieved by the formation of a 1 : 4-furanose ring and in the galactose series 
by reversion to the acyclic structure. Formulation (IV) is therefore unlikely. No exception can, however, 
be taken to (V) on these grounds. Deacetylation of 3 : 6-anhydrogalactosazone diacetate gave a small quantity 
of a second isomeric 3: SP anydrogaiacionnsene, m. p. 226°, [«]}® +44° in methanol, which in turn yielded a 
diacetate, m. p. 204°, [«]}* --90° in chloroform. This compound also failed to give a triphenylmethy] ether ora 
toluene-p-sulphonate so that the 3: 6-anhydro ring is presumed to be present in this compound also. The 
question as to which is (III) and which (V) cannot be decided directly although the lower values of the specific 
rotations of the last two compounds incline one to the view that this isomeric anhydrogalactosazone is probably 
(III), and that of m. p. ‘215° is (V). The possibility that this isomerism is concerned with « and 8 or syr- 
and anti-forms cannot be excluded, however. 

To account for the formation of the same dianhydrohexosazone from d-galactosazone and d-glucosazone 
(VII) (J., 1935, 1398), (VI) was suggested as the formula of the former, i.e., the 8-tagatopyranosazone. On this 
basis the ready production of a 3 : 6-anhydro ring can be supposed to take place as follows when d-galactosazone 
is boiled with ethanol containing a little sulphuric acid. 


aos we et 


NH-N-C,H, y *NH-C,H; 


H cy~o, NHN 
Ke Penance, 





| CH=N-NH-C,H, 
H 


HO } 


(III.) 


This reaction could not occur with d-glucosazone which was formulated as «-fructopyranosazone (Vil) 
(p. 785), and in fact in this instance the 3 : 6-anhydride is not produced by Diels’ process. 
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The problem is more complicated in the glucose series, but there is no reason to doubt that the 3 : 6-anhydro 
ring is retained in the osazone prepared from 3 : 6-anhydroglucose, since the osazone failed to give a triphenyl- 
methyl ether, or even a toluene-p-sulphonate, although a readily crystallisable diacetate was obtained with ease, 
a compound which is very suitable for the characterisation of 3 : 6-anhydroglucose in small amounts. 











H=N-NH-C,H, H=N-NH-C,H, H-NH-NH-C,H, H-NH-NH-C,H, 
‘NH: ‘NH-NHCH, } N-NH-C,H, =N'NH‘C,H, 


“H ‘H 
H-C-OH d H- 
| sat , H-C-OH 
H, H, 
(X.) : (XI.) 

Formula (VIII) is not admissible since repeated attempts to condense the osazone with acetone failed, there- 
fore a second oxide ring system must be presumed to be present. Formule (IX), (X),.and (XI) remain as 
possibilities. Formula (X) would be expected to be unstable (Haworth et al., loc. cit.) so the choice lies between 
(IX) and (XI); no evidence is available, at present, to decide between these two formule. 

Deacetylation of the diacetate did not yield either a hexosazone dianhydride (/., 1936, 1770) or an isomeric 
anhydroglucosazone as in the case of galactose, but a new dehydroanhydro-osazone, m. p. 232—233°, [a], —76° 
in acetone, which in turn gave a diacetate. Diels, Cluss, Stephan, and K6nig (Ber., 1938, 71, 1189) isolated a 
number of dehydro-osazones which they considered to be osotriazoles by treating osazones with air or oxygen 
inalkaline solution. These authors state, however, that their anhydro-osazones could not be dehydrogenated 
inthis way. There iS no doubt, however, that a reaction of this kind has taken place with 3 : 6-anhydro- 
glucosazone, as indeed would be expected from either (IX) or (XI) since both are capable of yielding the | 

ENON Ph 
YS\yu Ph 


the Diels’ anhydroglucosazone shows that such a transformation could not occur in that case. 

The second product, m. p. 108—110°, isolated from 3 : 6-anhydroglucose on osazone formation to which 
reference has already been made (J., 1945, 119), appears to be a hydrate of the osazone, m. p. 187°, since it gives 
the same crystalline diacetate, although in diminished yield, and the amorphous fraction accompanying this 
crystalline product is also a diacetate having the same specific rotation and giving the same dehydroanhydro- 
glucosazone on deacetylation. 

The anhydroglucosazone prepared by the method of Diels and Meyer (/oc. cit.) formed a diacetate as reported 
previously (J., 1937, 1320) but gave no acetone compound and the toluene-p-sulphonate did not react with sodium 

iodide. It must be concluded, therefore, that the 2 : 6-oxide ring structure 
H CH,—O CH=N-‘NHC,H; of the original osazone (VII) (J., 1935, 1398) is retained, and that anhydride 
Ks as. formation takes place between the hydrazide group on C, and one of the 
4 NH-NH-C,H, 
OH H 











type structure. On the other hand reference to the formule (XII) and (XIII) proposed for 


HO hydroxyl groups on C, and C,; interaction between the ‘NH group on C, and 
a hydroxyl group is excluded because the product would then have three 

(VII.) groups, viz., two hydroxyls and the hydrazide residue, available for acetylation. 

: Constitutions (XII) and (XIII) remain therefore for consideration, and the 

former is to be preferred for two reasons. First, the diacetate of (XIII) would be expected to yield the d-di- 
anhydrohexosazone (XIV) which is isolated from d-galactosazone and d-glucosazone tetra-acetates on 


H=N-NH-C,H, H=N-NH-C,H, 
—NH 
-H ~ 
H N-C,H, 


-OH 
H, 
(XIII.) 





deacetylation ( J., 1936, 1770; 1938, 1384); second, an inspection of models shows (XII), containing three six 
membered rings, to be less strained than (XIII). 


EXPERIMENTAL. 


3 : 6-Anhydrogalactosazone and its Diacetate—Pure 3: 6-anhydro-a-methylgalactoside (2-0\g.) prepared according to 
Haworth, Jackson, and Smith (loc. cit.) was hydrolysed at 15° with 0-1n sulp c acid (25 c.c.) for 24 hours. The solution 
was then diluted with water and heated with sodium acetate (20 g.), phenylhydrazine hydrochloride (5 g.) and a little 
‘Sodium bisulphite at 90° for 2 hours. The bright yellow osazone so obtained was collected, washed and dried (1-6 g.), 
M. p. 215°, [a}}#® +71° (c, 0-35, in methanol) (Found: C, 63-3; H, 6-0; N, 16-6. Calc. for Cy sHyO3N, : C, 63°5; 
H, 59; N, 165%). This product (1 g.) was acetylated with pyridine (6 c.c.) and acetic anhydride (4 c.c.) at 15° for 2 days, 
the mixture poured into water and crystallised from aqueous ethanol (0-9 g.), m. p. 74—76°, [a]l* +64° (c, 0-5, in 
peo. (Found: C, 62-0; H, 5-8; N, 13-2; Ac, 21-0. C,,H,,0,N, requires C, 62-3; H, 5-7; N, 13-2; Ac, 20-3%). 

G ; 
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Diels’ Anhydrogalactosazone and its Diacetate.—Pure d-galactosazone when treated according to Diels and Meyer 
(loc. cit.) gave an anhydrogalactosazone, m. p. 215° not depressed with the osazone prepared directly from 3 : 6-anhydro. 
galactose, [a]}’ +71° (c, 0-3, in methanol) (Found: N, 164%). The diacetate (Ac, 20-8%) had m. p. 74—76° not 
depressed with the diacetate described above, [a]}’ +64° (c, 0-4, in chloroform). The m. p. 86° recorded previously for this 
substance (J., 1937, 1320) could not be reached. - 

Four attempts to condense 3 : 6-anhydrogalactosazone with acetone in the presence of copper sulphate (ibid.) failed: 
unchanged material and an uncrystallisable syrup (Found: COMe,, 1:8%) resulted. . " 

3 : 6-Anhydrogalactosazons (0-4 g.) in pyridine (4 c.c.) was treated with toluene-p-sulphonyl chloride (0-8 g.) at 15° 
for 3 days. On pouring into water the starting material was recovered unchanged (Found :* S, 0-0%). Treatment 
with triphenylchloromethane (Muir and Percival, loc. cit.) gave a similar result. 

A Second 3: 6-Anhydrogalaectosazone.—Deacetylation of 3: 6-anhydrogalactosazone diacetate. The acetate ((-4 ¢) 
in acetone (50 c.c.) was kept for 3 hours with 0-1n sodium hydroxide solution (50 c.c.). The mixture was then acidified 
and the acetone allowed to evaporate. A small quantity (0-05 g.) of a crystalline product was obtained, m. p. 226° 
depressed on mixing with 3: 6-anhydrogalactosazone; [a]j* +44° (c, 0-3 in methanol) (Found: C, 63-2; H, 6-1; N, 
16:5. CygHO,N, requires C, 63°5; H, 5-9; N, 165%). Acetylation gave a diacetate, m. p. 204°, [a]}® —90° (c, 0-6 in 
chloroform) (Found: C, 62-3; H, 5-4; N, 13-4; Ac, 206%. C,gsH,,O,N, requires C, 62:3; H, 5-7; N, 13-2; 
20-3%). The anhydrogalactosazone failed to react with toluene-p-sulphony! chloride or triphenylchloromethane. 

3 : 6-Anhydroglucosazone and iis Diacetate.—Several preparations of the osazone were made as described previously 
{J 1945, 119) to give as the rnain product (A); m. p. 187°, {a]}7" —150° (c, 0-35, in methanol) (Found: N, 16-5. Cale. 

or C,sH»O,N,: N, 165%), together with a smaller quantity of the osazone, m. p. 108° (B) (Found: N, 15-5. Cale, 
for C,,H,,O,N,: N, 156%). ss 

These products were acetylated as before. (A) gave a diacetate in good yield: m. p. 190°, [a] —20° (c, 0-1, in 
acetone), —49° (c, 0-6, in chloroform), (Found: C, 62-0; H, 5-8; N, 12-8; Ac, 20-5. C,.H,,O,N, requires C, 62+: 
H, 5-7; N, 13:2; Ac, 203%). (B) gave an acetate which was less easily crystallised than the acetate from (A) but 
which also yielded the diacetate, m. p. 190° not depressed on admixture with the acetate from (A). Before recrystal. 
lisation the acetate had [a]}" — 50° (c, 0-3, in chloroform) (Found: C, 62-1; H, 5-9; N, 13-1; Ac, 20-4%). It is clear 
that (B) is a hydrate of (A) and is not a hexosazone. 

Dehydro-3 : 6-anhydroglucosazone and iis Diacetate——Crystalline 3 : 6-anhydroglucosazone diacetate (0-38 g.) was 
. deacetylated as described previously (J., 1935, 1398) to give a crude product (0-25 g.) which on recrystallisation gavea 

compound (0-08 g.), m. p. 232—233°, [a]i’ —76° (c, 0-3, in acetone) (Found: C, 63-9; H, 5-5; N, 16-6. C,.H,,N,0, 
requires C, 63-9; H, 5-4; N, 166%). 

The non-crystalline residue was reacetylated to give the starting material, m. p. 190°. This experiment was repeated 
twice in air with similar results, and once in a nitrogen atmosphere when no dehydroanhydro-osazone was obtained. 
Acetylation gave a crystalline diacetaie, m. p. 191°, considerably 2. et on admixture with 3 : 6-anhydroglucosazone 
diacetate, [a]? —200° (c, 0-3, in chloroform) (Found: C, 62-2; H, 5:5; N, 13-5. C,,H,,.O,N, requires C, 62-5; H, 
53; N, 13-3%). The dehydroanhydroglucosazone was also obtained on deacetylating the amorphous acetate -of (B). 

Several attempts to condense 3 : 6-anhydroglucosazone with acetone failed; in all cases some starting material was 
recovered and the accompanying syrups contained only a trace (ca. 2%) of acetone. 

Experiments to prepare the toluene-p-sulphonate and the triphenylmethyi ether of 3 : 6-anhydroglucosazone were 
unsuccessful. In one case the supposed toluene-p-sulphonate contained S, 0-8%, but acetylation gave the crystalline 
diacetate, m. p. 190°, in good yield. 

Diels’ Anhydroglucosazone.—The method of Diels and Meyer (Joc. cit.) was used to prepare the anhydroglucosazone, 
m. p. 176—178° depressed on admixture with 3 : 6-anhydroglucosazone, [a]? — 157° (c, 0-4, in methanol) (Found: (, 
63-3. ; H, 60; N, 162%). Acetylation and crystallisation from aqueous ethanol gave a crystalline diacetate, m. p. 90°, 
fa}i’ —144° (c, 0-3, in chloroform) (Found: C, 620; H, 5-9; N, 13-3; Ac, 20-9. C,,H,,O,N, requires C, 62 3; H,5/, 
N, 1382; Ac, 20-3%). Deacetylation as described previously gave the original anhydroglucosazone in good yield, m. p. 
and mixed m. p. 176°. 

The Toluene-p-sulphonate.—Diels’ anhydroglucosazone (0-5 g.) in pyridine (5 c.c.) was allowed to react with toluene- 
p-sulphony] chloride (0°5 g.) for 3 days. On pouring into water a product (0-52 g.) was obtained which could not be crystal- 
lised. [al}®” —126° (c, 0-3, in chloroform) (Found: C, 60-5; H, 5-4; N, 11-7; S, 6-7. C,;Hg,N,O,S requires C, 60-7; 
H, 5:3; N, 11:3; S, 65%). This-material (0-23 g.), on treatment with sodium iodide in acetone at 100° according to 
Oldham and Rutherford (/oc. cit.) gave a trace (0-01 g.) of sodium toluene-p-sulphonate, but the reaction product was 
devoid of iodine. Attempts to prepare a triphenylmethyl ether were unsuccessful. 

Treatment of the Diels anhydroglucosazone with acetone and copper sulphate for 24 hours gave unchanged material 
and a syrup (COMe,, 1-9%). Three experiments for periods ranging from 1 to 3 days gave similar results. 


Thanks are expressed to Miss N. Taubman, B.Sc., and Mr. J. Conchie, B.Sc., for experimental assistance and to the 
Earl of Moray Endowment and Imperial Chemical Industries Ltd. for grants. 


Kinc’s BuILpINGs, UNIVERSITY OF EDINBURGH. [Received, July 30th, 1945.) 





205. The Interconversion of Iron Oxides and Sulphides. 


By R. H. Grirrita and A. R. Morcom. 


The primary reaction product of hydrogen sulphide with any form:of ferric oxide is hydrated ferric sulphide. 
The rate of penetration through the layer of sulphide formed generally controls the rate of change. Decomposi- 
tion of the ferric sulphide takes place in the presence of excess of hydrogen sulphide at temperatures above 20°, 
a il slowly under alkaline conditions. The product is a mixture of FeS, and a highly magnetic sulphide 

€g5p- 

; e oxidation of Fe,S,,H,O is -slowér'than the reaction of hydrogen’sulphide with ferric oxide’; it is greatly 
influenced by temperature, by moisture conditions, and by the pore structure of the hydrated sulphide. Oxid- 
ation of the magnetic sulphide takes place much more slowly, and oxidation of FeS, only occurs at-much highet 
tem tures. 

product of ‘oxidation of moist Fe,S,, Fe,S,, or precipitated ferrous sulphide at temperatures below 
50° is a-Fe,O,,H,0. In aqueots me, ‘both tertiz and ferrous sulphides give y-FejO, 21,0. At high 
temperatures, all the sulphides give a mixture of ferric sulphate with an oxide which is mainly y-Fe,Os. 


- 
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for the removal of hydrogen sulphide from fuel gases, it has been customary to use iron oxide. The iron 


sulphide first formed is readily oxidised to iron oxide, so the overall effect is that of oxidation of hydrogen 
sulphide with deposition of sulphur. 


The nature of the sulphides formed has been studied by Gedel (J. Gasbeleucht., 1905, 48, 428), Rodt (Z. 
angew. Chem., 1916, 29, 42), Rodt and Mecklenburg (Z. anorg. Chem., 1918, 102, 130), and Pearson and Robinson 
]., 1928, 814), whose work was confined to the use of amorphous hydrated ferric oxide. The rate of sorption 
of hydrogen sulphide by various forms of iron oxide has been studied by Briickner (Brennstoff-Chem., 1936, 17, 
91: Gas u. Wasserf., 1938, 81, 822), but his description of the samples employed cannot be correlated with 
modern nomenclature. The same comment applies to results obtained by McLeish (Gas J., 1944, 243, 50, 85). 

In the present investigation, the sorption of hydrogen sulphide by the following iron oxides was studied : 
(I) a-FesO,; (2) a-Fe,O,,H,O; (3) B-Fe,O,,H,O; (4) y-Fe,O,; (5) y-Fe,O;,H,O; (6) 3-Fe,0,,H,O; (7) 
amorphous hydrate. The preparation of these materials and kinetic studies Fic. 1 
of their reaction are described. Identification of the resulting sulphides, and oy 
their oxidation and decomposition, are then recorded. 


EXPERIMENTAL. ‘ 


Preparation of the Iron Oxides.—(1) a-Ferric oxide was obtained by dehydration 
of its monohydrate at 300°. (2) This monohydrate was prepared by atmospheric 
oxidation of ferrous carbonate, precipitated by sodium or ammonium carbonate from 


ospheric 
50, 399) 





oxide by hydrogen peroxide in the presence of very concentrated alkali (Glemser and 
Gwinner, Z, anorg. Chem., 1939, 240, 161; Chevallier, Compt. rend., 1927, 184, 674; 
Quartaroli, Gazzetta, 1933, 64, 279). (7) Amorphous hydrated ferric oxide, pre- 
cipitated from a ferric salt solution by alkali hydroxide or ammonia, was washed free 
from soluble salts (Béhm, Z. anorg. Chem., 1925, 149, 203). 

These oxides were prepared as coarse powders containing 10—12% of free water ; 
agrade passing an 18-mesh and retained on a 60-mesh sieve was used to make tablets, 
and ‘‘ fines,’ passing a 200-mesh, were taken for extrusion of rods. The tablets were 
jin. in diameter and ¥ in. in maximum thickness, with convex ends, produced in a 
tablet machine at a setting which gave reasonable strength for each raw material. 
Rods of } in. diameter were either built up from a large number of tablets with flat 
ends, or obtained by extrusion of a thick paste from a die with fin. orifice. The pH 
of these oxides was usually adjusted to >8-5 by suitable addition of sodium carbon- 
ate; under acid conditions some preliminary experiments showed that conversion 
into sulphide was incomplete, and the need for alkaline conditions for industrial 
purposes has long been appreciated. For this reason, no satisfactory results could 
be obtained with B-Fe,O,,H,O, which only appears to exist at a low pH. 

Identification of the Oxides.—T wo methods have proved suitable for identification 
of iron oxides, particularly when applied simultaneously to a given sample. These 
ate: (2) solubility in acids, (b) magnetic measurements. 

(a) Solubility 1m acid. 5 C.c. of concentrated hydrochloric acid were mixed with 
45 c.c. of water to give an acid of about 4% content; 1 g. of the finely powdered 
oxide was added and shaken in a closed flask for 15 minutes by hand. The remain- 
ing solid was then separated by filtration, the liquid treated with zinc amalgam with 
thorough shaking, and then titrated with n/10-potassium dichromate solution. The 
Proportion of the total iron dissolved in each case is here given as a percentage : 
a-Fe,0,, 25°8; a-Fe,O,,H,O, 12-7 ° y-Fe,O,, 6°8; y-Fe,0,;,H,0O, 0-5; 5-Fe, 'H,O, 7-9 > 
amorphous Fe,O,,H,O, 93-5. Among the hydrated forms, the rate of solution of the 
amorphous oxide is outstanding, whereas the anhydrous a- dissolves much more 
tapidly than the ferromagnetic y-oxide. 

_ (b) Magnetic properties. The measurement of magnetic susceptibili¢y by the 
Gouy balance, or of magnetisation, provides a ready method of identification, 
Patticularly in conjunction with changes on heating. Of the hydrated oxides, 
only the 8- is ferromagnetic, and it loses this property on heating, slowly at 100° and rapidly at 150°. Only the y-hydrate 
becomes ferromagnetic on heating at 250°, but prolonged treatment at this temperature leads to conversion into the 
paramagnetic a-Fe,O,. The ferromagnetic y-Fe,O, also changes completely into a-Fe,O, on prolonged heating above 
250°, Dehydration of the o- and the f-hydrate or of the amorphous hydrate, results in practically no change in 
Susceptibility. Positive identification of the B-hydrate alone requires X-ray data. 

, An electromagnet was made for use in these experiments, which would provide a variable field up to 2000 gauss, with 
Pole pieces tapered to 1 in. diameter and with 4 in. gap. 

The Rate of Sorption of Hydrogen Sulphide.—The apparatus used in measuring the rate of reaction of hydrogen sulphide 
with the iron oxide rod or tablet, shown in Fig. 1, is a modification of the McBain—Bakr sorption balance (J. Amer. Chem. 
Soc., 1926, 48, 690). The iron oxide E was suspended from a quartz spring D in a cage of Gam or of fine nickel-chrome 
wire, and the extension of the s 


ring was observed against a scale placed behind it by means of a reading telescope. The 
— and spring were handled by means of hooks on the glass bulb B. 


, € vessel A was closed by a ground-glass cone C carrying a manometer and a connection for exhaustion or admission 
of gas from a burette. At the start of each run, the a was exhausted down to the aqueous vapour pressure in 
*quilibrium with the iron oxide specimen, and a measur quantity of hydrogen sulphide was admitted until the pressure 
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rose to about 3—6cm. ‘The rate of sorption of hydrogen sulphide was then observed by frequent readings on the mano. 
meter, more gas being let in when the pressure dropped below 3 cm., and simultaneous changes in weight were recorded 
from the position of the spring. When it was intended to follow changes in the magnetic properties of the iron com. 
pounds, a rod of the material was used, 5 cm. long, and the lower limb of the sorption system was placed between the 
poles GG of the Gouy balance. The sighting wire F was carried by a suitable frame below the oxide rod. 

In an experiment of this kind, little control is possible over the temperature of the solid, since the heat of reaction is 
appreciable and the conditions are unfavourable to its rapid dissipation. Observations on the weight of the tablet during 
its conversion into sulphide sowed that the water content remained almost constant in the early stages of the reaction, 
so most of the water formed was evolved as vapour; the condensation of moisture on the walls of the vessel after }~| 
minute from the start also indicated that the atmosphere was saturated with water vapour almost throughout the con. 
version. In these circumstances, a heat effect of about 6 kg.-cals./g.-mol. of hydrogen sulphide absorbed would be 
expected, and the temperature of the tablet would be between 40° and 50° with the fastest rate of sorption, calculated on 
heat-transfer data. 

Ina reaction between a gas and a porous solid, the observed rate will depend on the actual rate at the internal surface 
and on the rate of penetration of the gas to the interior (Thiele, Ind. Eng. Chem., 1939, 31,916). The conditions now chosen, 
where pure hydrogen sulphide is used at a low pressure, should decrease the extent to which the results are affected by 
penetration. When the gas—solid reaction proceeds unhindered by the slowness of penetration, the observed rate should 
be a function only of the pressure of hydrogen sulphide; if it is a first-order reaction, it should be directly proportional to 
= pressure, and a plot of the extent of reaction against the integrated product of pressure and time should be a straight 
ine. 

On the contrary, if the rate of penetration is the controlling factor, the observed rate should be inversely proportional 
to the extent to which the change has already proceeded, i.e., to the thickness of the sulphide layer which has to be pene. 
trated before unchanged oxide is reached. In these circumstances it may be shown that the extent of reaction is 
proportional to the square root of the integrated product of pressure and time. 


Fic. 2. Fic. 3. 
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Examination of a tablet of a-Fe,0,,H,O which had taken up about half the total possible quantity of hydrogen sul- 
phide shdwed that a core of unchanged oxide amounted to about one-third of the total volume; this indicated that the 
rate of penetration was likely to be the controlling factor with this material. The relation between porosity and rate of 
gas sorption was investigated with a series of tablets made at different pressures between 300 and 3750 atm., from one 
sample of a-Fe,O;,H,O, which showed that the rate of uptake was dependent on the rate of penetration and therefore on 
the porosity of the tablet. The least porous tablet still contained an unchanged core of oxide after it had ceased to react. 

The differences among these specimens of a-Fe,0O3,H,O are hardly less than those observed in the whole range of other 
forms of iron oxide. In Figs. 2 and 3 are shown results for the series, the number of hydrogen sulphide molecules taken 
up by each molecule of iron oxide being plotted against the square root of the integrated product of pressure and time. 
The properties of the specimens are given in the following table. Further results obtained with a-Fe,O, which had beet 
heated to 400°, 500°, and 650° showed progressive reduction in rate of reaction with hydrogen sulphide, and the rate 
of penetration with these materials no longer appeared to be the controlling factor. The specimen heated at 650° did not 
react at‘all until it had been in contact with the gas for more than 3 hours. 


- 


Porosity of iron oxides at 100°. 
Porosity, F Porosity, 
Sample. % by vol. dz’. Sample. % by vol. 


a-Fe,O, Prrerrerrerrerr errr rr etre rr ete 76 5-13 y-Fe,0;,H,O ee wee eee eeeeeesessesees 87 
a-Fe,0,,H,O eee eee ree seeereeessesees 71 3-82 6-Fe,0,,H,O eeeeeeees 66 


Ue | s0neiachss hesdscospeacscch steeds 81 4-92 Amorphous monohydrate ...... 55 


The porosities were determined by measuring the weight of methylceyclohexane taken up by a tablet after exhaustion 
at 100°; the density is corrected for traces of water still remaining at this stage. 


Discussion of Results—All the curves of Figs. 2 and 3 except that for 8-Fe,O,,H,O show well-defined periods 
over which the square root relation applies. The slope of this straight portion, which is a measure of the 
penetration rate, depends mainly on the porosity of the specimen. The anhydrous oxides both show portions, 
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in the early stages, where the slope increases, which indicates that the rate of reaction is initially of the same 
order as that of penetration; this is more strongly marked with the 8-Fe,0O,,H,O, where retardation by alkali 
hydroxide is suspected. Amorphous oxide is distinguished by an early diminution in the rate of reaction, which 
may be attributed to progressive blocking of the pores due to changes in the volume of the gelatinous material. 

A specimen of «-Fe,O;, which had been converted fully into sulphide and then allowed to oxidise, gave the 
lowest curve on Fig. 3, thus illustrating the effect of reduction in porosity by the deposition of free sulphur. 

Identification of Iron Sulphides.—Ferric sulphide has been identified as the product of the action of hydrogen 
sulphide on amorphous Fe,O0,,H,O by Gédel, Rodt, Pearson and Robinson (locc. cit.). Gedel stated that the 
product was FeS + FeS, under acid conditions, but Rodt considered that these sulphides were actually pro- 
duced by rapid decomposition of Fe,S, in the presence of excess of hydrogen sulphide and that this decomposition 
was inhibited by alkali. Quantitative results in confirmation of these were published by Pearson and Robin- 
son; they extracted the sulphide produced by passing the gas over the oxide at 100° with carbon disulphide 
and then dissolved it in boiling dilute hydrochloric acid. FeS, remained unchanged, and the proportion of FeS 
to Fe,S, was determined from a sulphur balance after allowance for unchanged oxide; 81% of the total sulphide 
formed was Fe,S,. 

In the present investigation, all the evidence points to the fact that Fe,S, is formed when any ferric oxide or 
hydrate reacts with hydrogen sulphide. With amorphous Fe,O,,H,0O, «-Fe,O,, a-Fe,O;,H,O, and y-Fe,0;,H,O 
the change of the Fe,S, into ferrous sulphide and FeS, has been observed by analytical and magnetic measure- 
ments. With the y-Fe,O, similar changes may be assumed to occur but cannot be followed with the Gouy 
balance; with 8-Fe,O;,H,O the presence of a large amount of caustic alkali prevented the decomposition of 
Fe,Ss. 

"Decomposition and Magnetic Properties of Iron Sulphide.—Juza, Biltz, and Meisel (Z. anorg. Chem., 1932, 
205, 273) determined the magnetic susceptibility of iron sulphides in the range FeS to FeS,. These two definite 
compounds were only slightly paramagnetic but the solid solution of sulphur in FeS (pyrrhotite) was ferro- 
magnetic with a maximum susceptibility at the composition FeS,.,,,, which they considered to be Fe,S,. These 
authors found no evidence of the existence of Fe,S, under their conditions. By the use of the Gouy balance it 
has now been found that Fe,S, has no ferromagnetic properties, and accordingly little change in magnetic 
susceptibility could be observed when hydrogen sulphide acted on the paramagnetic forms of ferric oxide. If, 
however, the resulting sulphide was allowed to remain in an atmosphere of the gas, the susceptibility sometimes 
increased markedly after several hours. The change did not occur if the temperature was below 20° or if no 
free hydrogen sulphide was present. If the pH was above 8-0 the conversion was not observed below 90°. 
After 50 hrs. at 25° and pH 7-0, the apparent susceptibility at 850 gauss field strength was about 8800; further 
investigation showed that the product exhibited hysteresis to a marked degree, and susceptibility data therefore 
have little significance unless the precise conditions are known. 

At 40°, the change was complete in 3—4 hours, 42% of the iron being present as FeS,; from a sulphur 
balance, the remainder had the composition FeS,.,.; (Fe,S,). As this substance is certainly the magnetic 
component, its specific magnetisation can be calculated to be 16-9; this is considerably greater than the 
figure given by Ziegler (Thesis, Zurich, 1915; Int. Crit. Tables, Vol. 6, p. 413) for mineral pyrrhotite in the 
maximum axial direction for an oriented crystal. In the present investigation, the arrangement of the crystals 
must have been random and the maximum value might have been nearly 1/3 as great. 

Rate of Oxidation of Iron Sulphides.—The vessel A (Fig. 1) containing the tablet or rod of sulphide was 
evacuated to remove residual hydrogen sulphide but not sufficiently to cause dehydration. Oxygen was then 
admitted to a pressure of about 4 cm., the reaction being followed by pressure change, and by weight observ- 
ations in order to determine the state of hydration. The reaction is much more exothermic than that between 
iron oxides and hydrogen sulphide and accurate control of the temperature is therefore not possible. Rapid 
loss of water always occurred and, unless great care was taken during the admission of oxygen, dehydration 
continued until the normal oxidation reaction leading to «-Fe,O,,H,O couli no longer proceed. Oxidation 
then either ceased or continued pyrophorically with formation of sulphate. 

' In Fig. 4 is shown, plotted against the integrated product of time and pressure, the number of atoms of 
oxygen taken up by one molecule of Fe,S,,H,O obtained by starting with five forms of iron oxide and converting 
them fully into ferric sulphide. The sulphide prepared from amorphous hydrated ferric oxide, and all the 
mixtures of Fe,S, with FeS,, oxidised so slowly that the rate cannot be shown on this diagram. 

Owing to the lack of control of temperature and moisture content the results can be considered only qualit- 
atively, The initial steep part of each curve represents the rate of oxygen absorption in the presence of excess 
moisture. At the points of flexion, the water content had been reduced in each case to approximately 1 mol., 
per mol. of Fe,S,, and thenceforth remained almost constant. ‘he order of increasing rate of oxidation, as 
deduced from the slopes of the curves, is also the order of increasing porosity of the original oxides, so the differ- 
ences in oxidation rate may be attributed to the greater extent of the reacting surfaces in the more porous 
materials. All the observed rates are slower than the rate of penetration of oxygen into the solid, as deduced 
from data already given for hydrogen sulphide, and it has also been observed that in all instances the exterior 
ofa tablet did not become fully converted into oxide any more quickly than did the interior. 

Measurement of the rate of oxygen absorption, with better control of temperature and moisture content, 
‘an be carried out by determining the oxygen content of a stream of gas before and after passage through a 
layer of iron sulphide. Preliminary experiments along these lines confirm the important effect of moisture 
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content and indicate a rate of oxidation at least as great as that represented by the steepest portion of the 
curves in Fig. 4. 

Oxidation Products of Iron Sulphides.—Veil (Compt. rend., 1928, 186, 753) showed that wet oxidation of 
ferrous sulphide gave an iron oxide hydrate of which the magnetic susceptibility increased on dehydration, 
so it was presumably the y-Fe,O0,,H,O, and Bohm (Z. Krist., 1928, 68, 567) found that ferric sulphide also pro. 
duced y-Fe,O;,H,O when oxidised by air. Investigation of the product obtained by slow oxidation with oxygen 
of iron sulphide resulting from the action of hydrogen sulphide on tablets of all the individual ferric oxides 
showed only very small changes in magnetic properties on heating, corresponding to the presence of a negligible 
amount of y-Fe,O;,H,O. Further experiments involving measurement of the rate of solution in dilute hydro. 
chloric acid showed that the bulk of the material was a-Fe,O,,H,O and not the amorphous form. Repetition of 
Veil’s experiments confirmed that the product of oxidation of ferrous sulphide in aqueous suspension gave 
y-Fe,0;,,H,O. The same product was also obtained when ferric sulphide was oxidised in aqueous suspension 
whether it had been prepared by wet precipitation from a ferric salt solution or by the action of hydrogen 
sulphide on a ferric oxide. When precipitated ferrous sulphide was dried by evaporation under reduced 

an 6 pressure and then exposed to moist air, it oxidised very 
2 slowly but eventually gave a-Fe,O,,H,O containing a 
little y-Fe,O,;,H,O. The magnetic sulphide FeS 
behaved in the same way. 

It appears from these results that the oxidation in 
aqueous suspension is fundamentally different from 
that of the moist solid, and it probably takes place in 
solution; this may explain the observation by Gluud 
and Reise (Gas u. Wasserf., 1929, 72, 1251) that the rate 
of oxidation of suspended ferrous and ferric sulphides is 
affected by the concentration of alkali in the liquid. 
All other known methods of preparing y-Fe,O,,H,0 
involve oxidation of ferrous iron in solution. 

The Existence and Behaviour of Fe,S,,H,O.—As the 
interaction of hydrogen sulphide and iron oxide pro- 
duces water, the sulphide obtained in this way always 
contains water; since the product of the low-temper- 
ature oxidation of moist ferric sulphide was always 
a-Fe,0,,H,O, it is evident that this water is essential in 
: _,| the oxidation. It is also known that the anhydrous 
ee meetin = ~ | ferric sulphide is stable in air, unless suddenly exposed, 

whereupon the heat of adsorption may be sufficient to 

0 100 200 initiate pyrophoric combustion. It was, therefore, 

Z pt. interesting to determine whether a definite hydrate of 

A, y-Fe,0;,H,O; B, y-Fe,O,; C, a-Fe,O;,H,0; the sulphide can exist, or whether the water was simply 

D, a-Fe,0;; E, ¢-Fe,0,,H,0. adsorbed. a-Fe,0,,H,O was treated with hydrogen 

sulphide until fully saturated; the reaction vessel was then exhausted, the equilibrium vapour pressure being 
measured at intervals and the weight of the specimen recorded. 

A study of the relation between the water content of the sulphide and the pressure at 20° indicated that 
about 1 mol. of water is held at a very low vapour pressure, and suggested the existence of an unstable mone 
hydrate. This water is driven off on heating, slowly at 60°, quickly at 90°, under reduced pressure. 01 
readmission of water, approximately 1 mol. is again taken up at a very low vapour pressure, but much lessis 
taken up at higher vapour pressures owing to physical shrinkage on the first drying: Oxidation of the rehydr 
ated sulphide specimen takes place at a rate comparable with that for the original undried material. The sulphide 
is thus different from an anhydrous ferric oxide which does not revert to the hydrate in contact with water. . 

Changes in Volume and Pore Structure.—As already mentioned, shrinkage of the porous tablet of Fe,S;,H,0 
took place on drying; this amounted to about 5% in linear dimensions. The further conversion into Fe,S, + 
FeS, led to an overall contraction of about 13%. Similar changes have been observed on drying the amorphous 
hydrated oxide, and it is probable that the Fe,S,,H,O is present as a gel. 

The density of pure ferric sulphide has not been recorded; measurements have now been made with speck 
mens prepared from ferric oxide by reaction with hydrogen sulphide, which gave a mean value of 3-25 for the 
anhydrous form, and about 2-7 for the manohydrate. The latter value shows that considerable expansiol 
must occur when the hydrated sulphide is formed from an oxide. Since no equivalent change in the overall 
dimensions of the tablet was observed, although a slight expansion occurred with the amorphous oxide only, tt 
follows that closing of the pores must take place. This explains the fact that a core of unchanged oxide cal 
indefinitely survive treatment with hydrogen sulphide when the initial porosity is below a given value. It also 
explains the highly unreactive character of the sulphide towards oxygen when it has been formed from the 
amorphous oxide or from other oxides of low initial porosity. 


Tue Furnam Laporatory, Tue Gas Licut & Coxe Co., Lonpon, S.W.6. [Received, July 17th, 1945.] 
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206. New Potential Chemotherapeutic Agents. Part I. Derivatives of 
Aminoquinoxalines. 
By F. E. Kine and R. J. S. BEER. 

Starting from 3: 4 : 5-triaminoanisole, a quinoxaline analogue (I, R = -CH,*CH,*NEt,) of pamaquin has 
been synthesised (cf. Gawron and Spoerri, /. Amer. Chem. Soc., 1945, 67, 514). Attempts to prepare a 
benzquinoxaline from 1: 2: 4-triaminonaphthalene gave amorphous products, but the acetyltriamine was 
successfully converted to 7-acetamido-5 : 6-benzquinoxaline (II, R = COMe). During experiments on the 
preparation of 4-acylamino-1 : 2-diaminonaphthalenes the quinone (IV) was obtained, from which 3-8-diethy]l- 


aminoethylamino-1 : 2-benzphenazine (V, R = -CH,°CH,*NEt,) was synthesised. Experiments with 8-amino- 
§-methoxyquinoline have given the 8-8-cyanoethylamino and 8-guanidino derivatives. 


REcENTLY Gawron and Spoerri (J. Amer. Chem. Soc., 1945, 67, 514) have recorded the synthesis of 5-amino- 
1-methoxyquinoxaline (1; R =H) and of its N-diethylaminoethyl and N-diethylaminopropyl derivatives. 
We have been engaged in synthetical investigations in this field, and in the course of our work have also 
prepared the quinoxaline (I; R = H) and (I; R = CH,°CH,°NEt,). The methods we have used, though 
similar to those employed by the American chemists, differ from them in many respects. We therefore 
present this detailed account of our experiments, which were carried out during 1942—1943 and cover other 
relevant substances not hitherto described. 

Both syntheses use 3: 5-dinitro-4-aminoanisole which Gawron and Spoerri obtained in five stages from 
p-aminophenol. In our preparation of this dinitroamine, p-anisidine is the starting point, and details are 
given for the first time of the nitration of 4-p-toluenesulphonamidoanisole, whereby the 3 : 5-dinitro derivative 
(Reverdin, Ber., 1909, 42, 1523) is obtained. Hydrolysis of the toluenesulphonyl group with cold sulphuric 
acid afforded the required 3 : 5-dinitro-4~-aminoanisole, which on catalytic reduction yielded 3 : 4 : 5-triamino- 
anisole. This rapidly oxidisable base, characterised by the 2: 3-diphenylquinoxaline it gave with benzil, 
readily condensed with glyoxal under approximately neutral conditions and the resulting aminomethoxy- 
quinoxaline and its acetyl derivative are identical with the compounds since described by Gawron and 


Spoerri. 


a @ &y OO 

M ) 5 R’ 

RHN “N N {H-SO,°C,HyMe 
(I.) (IT), ’ (TEL) 


NHR 
H-SO,-C,H,yMe N RHN 
(IV.) (V.) (VI.) 


The American authors, being unable to obtain a pure product from the action of 6-chloroethyldiethylamine 
on the aminoquinoxaline, alkylated the quinoxaline-p-toluenesulphonamide. By means of high-vacuum 
distillation, however, it is not difficult to isolate from the direct alkylation product the desired amine (I; 
R = CH, ‘CH, -NEt,), which is an oil characterised by its crystalline monopicrate and hydrochloride. 

In order to obtain amino substituted benzquinoxalines; e.g. (II; R =H), numerous attempts were 
made, at various hydrogen-ion concentrations and with exclusion of air, to ondense glyoxal and 1 : 2: 4-tri- 
aminonaphthalene (Fieser and Fieser, J. 4mer. Chem. Soc., 1934, 56, 1565). These experiments, unlike those 
with triaminobenzenes (v. supra and also Hinsberg, Ber., 1886, 19, 1254),-invariably gave amorphous products, 
evidently from intermolecular reactions. This difficulty was obviously unlikely to arise if the synthesis of 
(1; R = H) were attempted through the 4-nitro- or 4-acylamino-diaminonaphthalenes and attempts were 
therefore made to prepare these compounds. Preliminary experiments on the partial reduction of 2 : 4-di- 
ntronaphthylamine were not encouraging and were abandoned, but the mononitration of 4-amino-1-p-toluene- 
sulphonamidonaphthalene (III; R = R’ = H) followed by reduction, appeared to offer a simple route to an 
intermediate of the second type. The necessary amine (III; R = R’ = H) was obtained by Raney nickel 
reduction of either 4-nitro-1-p-toluenesulphonamidonaphthalene or of 4-benzeneazo-1-p-toluenesulphonamido- 
naphthalene (cf. Morgan and Grist, ]., 1921, 119, 605), but the chief product of the action of nitric acid on its 
acetyl derivative was 4-p-toluenesulphonamido-1 : 2-naphthaquinone (IV), and only small amounts of 2- (or 3-) 
milro-1-acetamido-4-p-toluenesulphonamidonaphthalene were obtainable. It proved impossible to condense 
the quinone (IV) with ethylenediamine and thus use it for the synthesis of (II; R = p-SO,‘C,H,-Me), but 
its reaction with o-phenylenediamine afforded 3-p-foluenesulphonamido-l : 2-benzphenazine (V, R= p-» 
SO,C,H,-Me). After alkylation in alcoholic sodium ethoxide, and removal of the toluenesulphony!l group 
with sulphuric acid, 3-(8-diethylaminoethylamino)-1 : 2-benzphenazine was obtained and characterised by 
ts monopicrate and brilliant red dihydrochloride. 


5 
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Having failed to find a convenient synthesis of the 4-toluenesulphonamidodiaminonaphthalene, the 
corresponding 4-acetamido compound already described by Panizzon-Favre (Gazzetta, 1924, 54, 826) was 
prepared. Some improvements in the reduction stages of this synthesis from 1l-amino-4-benzeneazo. 
naphthalene are recorded in the experimental section. By the action of glyoxal, 1 : 2-diamino-4-acetamido. 
naphthalene gave 7-acetamido-5 : 6-benzquinoxaline (II; R = Ac), which after treatment with sodamide 
was condensed with @-chlorethyldiethylamine. Subsequently, 7-§-diethylaminoethylacetamido-5 : 6-benz- 
quinoxaline was isolated as a monopicrate, but owing to the formation of other products the desired amine is 
difficult to obtain and further work in this direction was discontinued. 

Some new derivatives of the readily available 8-amino-6-methoxyquinoline (VI; R = H) were prepared 
with the intention of synthesising their quinoxaline analogues should the quinolines possess therapeutic 
properties. 8-8-Cyanoethylamino-6-methoxyquinoline (VI; R = —CH,°CH,°CN), which was required for the 
preparation of related amidines, was obtained by the alkylation of the aminoquinoline (VI; R = H) with 
8-chloroethyl cyanide or f-iodoethyl cyanide. Some unsuccessful experiments on the synthesis of the lower 
homologue (VI; R = —CH,°CN) by the Strecker method led to what is regarded as the 8 : 8’-diaminomethylene 
compound, which rearranged in acid to di-(8-amino-6-methoxy-5)-quinolylmethane. Finally, the hydrochloride 
and hydriodide of 8-guanidino-6-methoxyquinoline (VI; R = ~—C(:NH)NH,) were prepared from the appro- 
priate salts of 8-amino-6-methoxyquinoline and cyanamide in boiling ethanol. 


EXPERIMENTAL. 


3 : 5-Dinitro-4-p-toluenesulphonamidoanisole (cf. Reverdin, Joc. cit.)—A mixture of p-anisidine (60 g.) and p-toluene. 
sulphonyl chloride (95 g.) in pyridine (125 c.c.) was heated at 100° for 3 hours. The product precipitated by water 
and crystallised from aqueous acetic acid formed nearly colourless needles, m. p. 114° (114 g., 95%). The cautious 
addition of nitric acid (65 c.c., d 1-4) to a cooled suspension of the toluenesulphonamide (30 g.) in alcohol (150 c.c.), 
afterwards warmed if necessary, led to a vigorous reaction which was completed by refluxing on a steam-bath for 
1 hour. The precipitated solid was collected and crystallised from aqueous acetic acid, the pure dinitro derivative 
(20-5 g., 53%) separating in long pale yellow needles, m. p. 204° (Found: C, 45-9; H, 3-8; N, 11-3. C,,H,,0,N,$ 
requires C, 45:8; H, 3-5; N, 11-4%). 

3: 4: 5-Triaminoanisole.—3 : 5-Dinitro-4-p-toluenesulphonamidoanisole (100 g.) dissolved in cold sulphuric acid 
(250 c.c. of 90%) was left overnight and the solution poured on to ice (200 g.). The dinitroanisidine precipitated by 
aqueous ammonia (18%) and crystallised from acetic acid-water formed red prisms with a green reflex (5-8 g., 98%), 
m. p. 161—162° (literature, 163°). A suspension of the dinitroamine (25 g.) in alcohol (300 c.c.) was hydrogenated at 
50—60°/50 atms. over Raney nickel. When this was freed from catalyst, concentrated hydrochloric acid (21 c.c.) was added 
and the solution evaporated under reduced pressure until crystallisation began. The triamine hydrochloride, which 
is very soluble in water but less soluble in alcohol, separated in pale pink needles (20 g., 76%) which were washed with 
ether and stored in an evacuated desiccator. The free base, which crystallised from alcohol in bronze plates, m. p. 
ca. 150°, rapidly oxidised, and it was characterised as 5-amino-7-methoxy-2 : 3-diphenylquinoxaline, prepared from the 
base hydrochloride and benzil in boiling alcohol containing sodium acetate. The derivative precipitated by water 
and recrystallised from methanol consisted of brownish-yellow needles, m. p. 174—175° (Found: C, 76-5; H, 52. 
C,,H,,ON, requires C, 77-1; H, 5-2%). 

5-A mino-7-methoxyquinoxaline (1; R-= H).—The triamine hydrochloride (4 g.) dissolved in water (25 c.c.) and 
neutralised with aqueous sodium carbonate was warmed to 60° with a saturated solution of glyoxal bisulphite (5 g) 
in water, the condensation being conducted in an atmosphere of nitrogen. The 5-amino-7-methoxyquinoxaline (2°5 g, 
80%), m. p. 75—80°, which had formed in 30 minutes was collected after cooling and crystallised from aqueous methanol. 
The pure quinoxaline separated in bright yellow needles, m. p. 94—96° (Found: C, 61:6; H, 5-2. Calc. for C,H,ON;: 
C, 61-7; H, 5-1%). Gawron and Spoerri, Joc. cit., give m. p. 95° (corr.). Using the amine hydrochloride, as in the 
synthesis of 5-aminoquinoxaline (Hinsberg, Joc. cit.), instead of the free base, gave only chocolate-coloured amorphous 
products. The quinoxaline (0-4 g.) suspended in water (5 c.c.) was dissolved by warming with acetic anhydride 
(0-5 c.c.). The product obtained on cooling was 5-acetamido-7-methoxyquinoxaline which crystallised from aqueous 
acetic acid in very pale yellow needles, m. p) 174° (Found: C, 60-5; H, 5-0. Calc. for C,,H,,0O,N,: C, 60-8; H, 5-1%). 
Gawron and Spoerri record m. p. 175—176° (corr.). 

_5-(B-Diethylaminoethylamino)-7-methoxyquinoxaline (I, R = CH,°CH,*NEt,).—A solution of 5-amino-7-methoxy- 
quinoxalint (4 g.) in alcohol (20 c.c.) containing £-chloroethyldiethylamine hydrochloride (King, J., 1928, 2436) (2 g) 
and fused sodium acetate (1 g.) was refluxed on a steam-bath. After 5 hours and, again, after 10 hours, further similar 
amounts of the last two reactants were added and the heating continued for a total of 22 hours. Continuous extraction 
with ether of the liquid basified with sodium carbonate gave a dark viscous oil which was distilled at low pressure. 
The fraction (2 g.) of b. p. 100—130°/0-01 mm. was 8-amino-6-methoxyquinoxaline (mixed m. p.); the reddish oil 
(1-1 g., 35%, allowing for the aminoquinoxaline recovered), b. p. 130—140°/0-01 mm., consisted of 5-(8-diethylamino- 
ethylamino)-7-methoxyquinoxaline, and was identified by its monopicrate, precipitated on slowly mixing alcoholic 
solutions of picric acid and the base, which formed orange-yellow prisms, m. p. 139°, when recrystallised from ethanol 
(Found : C, 50-4; H, 4-9. C,,H,,ON,,C,H,O,N, requires C, 50:1; H, 5-0%). ay 

Excess — acid gave a red crystalline precipitate, presumably the dipicrate described by Gawron and Spoert. 
This insolu le salt was also formed during attempts to recover the quinoxaline base from the purified monopicrate 
with acid. _ Consequently, the monopicrate was decomposed with dilute sodium hydroxide; the alkali-washed ether 
extract, dried and treated with hydrogen chloride, yielded a pale lilac deliquescent monohydrochloride, m. p., after 
— from ethanol-ether, 169—171° (Found: C, 57:3; H, 7:5. C,sH,ON,,HCI requires C, 584; 

’ ‘o}+ 

4-A mino-1-p-toluenesulphonamidonaphthalene (III; R= R’ =H).—A suspension of 4-nitro-1-p-toluenesulphon- 
amidonaphthalene (3-6 g.) (Hodgson and Walker, J., 1934, 180) in ethanol (50 c.c.) hydrogenated over Raney nickel 
at 60°/40 atm. gave the 4-amino compound as colourless tablets, m. p. 182—184°. It was identical with the product 
(28-5 g., 84%) from the reduction of 4-benzeneazo-1-p-toluenesulphonamidonaphthalene (45 g.) under similar conditions 
(cf. Morgan and Grist, Joc. cit.). Acetylation of the base with acetic anhydride at 100° gave the acetyl derivative, 
crystallising from aqueous acetic acid in soft fluffy needles, m. p. 265—267° (Found: C, 64-6; H, 5-1 CyyH,:0:" 
requires C, 64-4; H, 5-1%). APs, 

4-p-Toluenesulphonamido-1 : 2-naphthaquinone (IV).—A solution of nitric acid (4 c.c., d 1-42, 4 mol.) in acetic acid 
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the #00 c.c.) waS gradually stirred into a suspension of 4-acetamido-1-p-toluenesulphonamidonaphthalene (5 g.) in acetic 
© Bi acid (150 c.c.) at room temperature. Addition of water to the resulting clear solution gave 4-p-tolenesulphonamido- 
Was Hl - 2-naphthaquinone which crystallised from ethanol in yellow plates, m. p. 140—160° (decomp.) (Found: C, 62-5; 
20- MBH, 43; N, 4:3. C,,H,,0,NS requires C, 62-4; H, 4-0; N, 43%). With considerably smaller quantities of acetic 
do- Hjacid, 2 resinous product was obtained but from the reaction mixture separated small amounts of 2 (or 3)-nitro-4-acet- 
‘id amido-1-p-toluenesulphonamidonaphthalene, crystallising from ethanol in pale yellow needles, m. p. 218° (Found: 
© Hic 575; H, 4:5. C,sH,,O,N,S requires C, 57:1; H, 43%). 
maz. The quinone reacted easily with ethylenediamine in aqueous alcohol, less readily in acetic acid, but the products 
e is were deeply coloured and amorphous. Oxidation with alcoholic ferric chloride or potassium ferricyanide gave black 
insoluble material. 
red 3-p-T oluenesulphonamido-1 : 2-benzphenazine (V; R = p-SO,°C,H,*Me).—o-Phenylenediamine (1-9 g.) was added to 
‘ a hot solution of the toluenesulphonamidoquinone (5-5 g.) in the minimum quantity of boiling alcohol and then heated 
utic Hi on a steam-bath for 20 minutes. The separated red solid (3-2 g.) gave on crystallisation from acetic acid the toluene- 
the iene e8%) as yellow tablets, m. p. 274—276° (decomp.) (Found: C, 68-8; H, 4-4. C,,H,,0,N,S requires 
vit C, 69:2; H, 43%). 
. 3-(8-Diethylaminoethylamino)-1 : 2-benzphenazine (V, R = -CH,°CH,-NEt,).—The bright scarlet solution of the 
above toluenesulphonamidophenazine (2 g.) in alcohol (20 c.c.) containing sodium (0-22 g.) was heated under reflux 
lene with 6-chloroethyldiethylamine hydrochloride (0-86 g.) for 25 hours. After basifying with 2n sodium hydroxide, the 
ride Hi product was removed by several ether extractions, giving a dark red partly crystalline material from which the 
pro- famalkylated sulphonamide was isolated in the form of pink needles (1-55 g.), m. p. 85—90°, by hot ligroin (b. p. 80—100°). 
This product (1-2 g.) was dissolved in ice-cold sulphuric acid (10 c.c. of 90%), and, after 21 hours at 0—2°, the deep 
emerald green solution and separated solid were added to crushed ice. The bright red liquid was basified with dilute 
aqueous sodium hydroxide and the liberated oil collected in ether. From the dried solution, anhydrous hydrogen 
chloride precipitated the dihydrochloride, separating after 2 crystallisations from alcohol—ether in bright vermilion 
needles (0-75 g.), m. p. (evac. capillary) 250°, with shrinking and darkening at ca. 230° (Found after drying at 80° ina 
ene- Mphigh vacuum: C, 61-8; H, 6-4; N, 12-9; Cl, 16-9. C,,H,,N,,2HCI,$H,O requires C, 62-0; H, 6-3; N, 13-1; Cl, 16-7%). 
x crystallised from ethanol in glistening deep orange blades, m. p. ca. 220° (decomp.) (Found: C, 58-6; H, 5-0. 
Cys wN,CsH,0,N; requires c, 58-6; H, 4-7%). 
B64, 1: 4-Diaminonaphthalene.—1-Amino-4-benzeneazonaphthalene (80 g:) suspended in ethanol (600 c.c.) was hydro- 
1 for Mgenated at 50° and 70 atms. over Raney nickel. The product was isolated from the resulting solution after filtration 
itive HB by addition to a mixture of sulphuric acid (40 c.c.) and water (1000 c.c.), the yield of precipitated diamine sulphate 
7N,S Hbeing quantitative. The amine was characterised by its diacetyl derivative (Panizzon-Favre, loc. cit.) (Found: N, 
112. Calc. for C,4H,,0O,N,: N, 11-6%). 
acid 1-Acetamido-5 : 6-benzquinoxaline (Il; R = Ac).—2-Nitro-1 : 4-diacetamidonaphthalene was prepared from 1 : 4-di- 
d by Mifacetamidonaphthalene by nitration with 50% nitric acid (Hodgson and Elliott, J., 1936, 1764), and the l-acetyl group 
8%), Mmremoved by warm sulphuric acid (Panizzon-Favre, loc. cit.). Reduction with iron and aqueous acetic acid as described 
od at Hby Panizzon-Favre is unsatisfactory, and the nitro compound (2 g.) suspended in methanol (100 ¢.c.) was hydrogenated 
dded @iover Raney nickel at 60°/75 atms. 1 : 2-Diamino-4-acetamidonaphthalene was isolated by concentration of the filtered 
yhich @™Msolution. Glyoxal bisulphite (0-5 g.) shaken with a suspension of the diamine (0-34 g.) in boiling water (150 ¢.c.) 
with Hijcaused the precipitation of 7-acetamido-5 : 6-benzquinoxaline which was collected after heating for 1 hour. The 
n. p. Meproduct (0-3 g.) crystallised from ethanol in pale yellow needles, m. p. 252—253° (Found: C, 71-1; H, 4:9; N, 17-5. 
1 the HBC,,H,,ON, requires C, 70-9; H, 4-6; N, 17-7%). F 
vater 1-(B-Diethylamino-ethylacetamido)-5 : 6-benzquinoxaline.—A toluene solution (20 c.c.) of £-chloroethyldiethylamine, 
_ 5-2. Biprepared from the hydrochloride (1 g.), containing 7-acetamidobenzquinoxaline (1-2 g.) and powdered sodamide (0-2 g.), 
was refluxed for 6 hours. When cold, the liquid was washed with a little water and then with 0-1n hydrochloric acid, 
and (from which, by treatment with alkali and ether extraction, the alkylated acetamidobenzquinoxaline was isolated as a 
5 g.) Miflight brown viscous oil. An attempt was made to hydrolyse the acetyl group by heating on a steam-bath with 10% 
‘5g. Hifhydrochloric acid. The product did not give a crystalline hydrochloride, and a solution of the base in alcohol was 
anol. treated with an alcoholic solution of picric acid. A red gum was precipitated and, on standing, yellow needles 
ON,: Bseparated which after repeated crystallisation from ethanol had m. p. 195—-197° (decomp.) after sintering at ca. 185°. 
n the MB The product is evidently the monopicrate of a residue of unhydrolysed 7-(f8-diethylaminoethylacetamido)-5 : 6-benz- 
yhous #mquinoxaline (Found: C, 55-7; H, 48; N, 17-6, 17-7. C,,H,,ON,,C,H,O,N,; requires C, 55-2; H, 4:8; N, 17-4%). 
dride (Mj The red gum was an unresolvable mixture containing at least 2 other salts. 
1e0uS 8-8-Cyanoethylamino-6-methoxyquinoline (VI; R = *CH,*CH,°CN).—A solution of 8-amino-6-methoxyquinoline (4 g., 
1%). #2 mols.) and £-chloroethyl cyanide (1 g., 1 mol.) in ethanol (20 c.c.) was heated under pressure for 15 hours at 120°. 
The base, liberated by aqueous ammonia after evaporation of the alcohol, was extracted in ether and distilled. The 
10xy- @ePtncipal fraction, b. p. 131°/0-15 mm., was the unchanged aminomethoxyquinoline, but an oil (0-25 g.) of b. p. 160— 
(2 ¢.) gum !70°/0-04 mm. was identified as 8-f-cyanoethylamino-6-methoxyquinoline by the monopicrate which crystallised from 
milat @™§alcohol in minute vermilion-coloured needles, m. p. 188—189° (Found : C, 50-0; H, 8-6. C,,;H,,;ON;,C,H,O,N, requires 
ction HBC, 50-0; H, 3-5%). Slightly improved yields (ca. 17%) of the amine were obtained from -iodoethyl cyanide. This 
ssure. MWS prepared by refluxing for 6 hours a solution of the chloro-cyanide (16 g.) and sodium iodide (33 g.) in acetone 
sh oil #§(200 c.c.). Evaporation and washing with thiosulphate solution gave an oil of which the fraction (16-6 g.), b. p. 101°/23 
mino- @g™m., consisted of B-iodoethyl cyanide (Found: I, 69-0. C,H,NI requires I, 70-2%), ca. 8 g. of the chloro compound 
oholic § recovered. The deliquescent solid (imino-ester hydrochloride?) obtained from the cyanoethylaminoquinoline 
hanol Mim by keeping it for several days in alcoholic hydrogen chloride, gave an unidentified oily base, not apparently the 
_ §*midine, when treated with alcoholic ammonia in the usual way. 
ern. _ Di-(8-amino-6-methoxy-5)-quinolylmethane.—The condensation of 8-amino-6-methoxyquinoline hydrochloride, form- 
icrate @imalin and sodium bisulphite gave only red, insoluble polymerised compounds (cf. Brahmachari et al., J. Ind. Chem. Soc., 
ether $1931, 8, 305). - Using the free base (0-6 g.), which was heated for 7 hours on a steam-bath with formaldehyde bisulphite 
after (0-7 g.) containing excess formaldehyde, an uncrystallisable brownish-yellow solid, m. p. ca. 120°, was obtained, probably 
58-0; ne 8 : 8’-diaminomethylene compound. After dissolving in warm hydrochloric por? 3 the product separated in micro- 
Pcopic vermilion-coloured needles, m. p. 250° (decomp.), and in view of the well-known rearrangement of dianilino- 
phon. M™jmethylene compounds it is regarded as di-(8-amino-6-methoxy-5)-quinolylmethane hydrochloride (Found: C, 55-7; 
nickel HB, 53. C,,H,,O,N,,2HCI,H,O requires C, 55-9; H, 53%). The orange solid, m. p. >250°, liberated from the salt 
oduct M§With alkalis could not be crystallised. 
itions 8-Guanidino-6-methoxyquinoline (VI; R =-C(:NH)-NH,].—A suspension of 8-amino-6-methoxyquinoline hydro- 
ANS hloride (2-9 g-) in ethanol (30 c.c.) containing cyanamide (2-8 g.) was heated under reflux for 10 hours. The solid 
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water in colourless microscopic tabiets, m. p. 250—252° (Found: C, 38-5; H, 40. C,,H,,ON,HI requires C, 38-4. 
H, 3-8%). 


This work was undertaken for the Chemotherapy Committee of the Medical Research Council, to whom we ay 
indebted for grants. 


Dyson PERRINS LABORATORY, OXFORD. [Received, July 3rd, 1945.) 





207. The Preferential Reduction of Nitro Groups in Polynitro-compounds. Part IV, 
The Preparation of 4 : 5-Dinitro-2-naphthylamine from 1 : 3 : 8-Trinitronaphthalen 
and a Comparison of Sodium Sulphide Reductions of Available Dinitronaphthalenes, 


By HersBert H. Hopcson and Epwarp R. WARD. 


' 
Methanolic sodium sulphide in the presence of sodium bicarbonate reduced 1 : 3 : 8-trinitronaphthalene to 
4 : 5-dinitro-2-naphthylamine, and variation in amount of bicarbonate had considerable effect on the yields 
obtained. By this method } :3-, 1: 5-, 1: 6-, and 2 : 7-dinitronaphthalenes gave yields of almost pure mono- 
nitro-amines of 85%, 50%, 55%, and 82% respectively; whereas 1 : 8-dinitronaphthalene was converted 
entirely to sulphide dyes. } 


MONOREDUCTION of 1 : 3: 8-trinitronaphthalene by Hodgson and Birtwell’s method (jJ., 1944, 75) succeeds only 
if the amount of sodium bicarbonate is increased, otherwise alkali soluble dyes are formed. Reduction of 
the 6-nitro-group took place and the constitution of the 4 : 5-dinitro-2-naphthylamine produced was established 
by its deamination to 1 : 8-dinitronaphthalene. Reduction in the absence of alcohol gave sulphide dyes only, 
while reductions by hydrogen sulphide in pyridine or aqueous alcoholic ammonia gave tars. 1 : 3 : 8-Trinitro. 
naphthalene is more readily reduced, as would be expected, than any of the dinitronaphthalenes yet examine( 
with the exception of 1 : 8-dinitronaphthalene (see below). This preferential reduction of the 3-nitro-group ia 
1 : 3: 8-trinitronaphthalene is in striking contrast with the reactivity of 1 : 3-dinitronaphthalene, which reduces 
mainly at the 1-nitro-group, and the difference im behaviour must be ascribed to the mutual interactions of the 
I : 8-dinitro groups, which in aqueous medium in the case of | : 8-dinitronaphthalene, are sufficient to resist 
attack by sodium sulphide (cf. Hodgson and Walker, J., 1933, 1346). 

4: 5-Dinitro-2-naphthylamine would be expected to give reactions similar to 4-nitro-2-naphthylamine 
(cf. Hodgson and Hathway, J., 1944, 385; this vol., p. 453), but whereas it is only monobrominated, even with 
excess of bromine, to give 1-bromo-4 : 5-dinitro-2-naphthylamine, as shown by deamination of the latter to the 
known 1-bromo-4 : 5-dinitronaphthalene (Ullmann and Consonno, Ber., 1902, 35, 2803), it failed to gives 
p-toluenesulphonyl derivative after many variations of procedure; this is in contrast to the formation of 
di-p-toluenesulphonyl derivative by 4-nitro-2-naphthylamine (Hodgson and Hathway, loc. cit.). 1-Bromo- 
4 : 5-dinitro-2-naphthylamine was only monoacetylated with difficulty, but it was diazotised readily by the 
Hodgson and Walker method (/., 1933, 1620), and was converted into 1 : 2-dibromo-4 : 5-dinitronaphthalene by 
subsequent Sandmeéyer procedure. 4 : 5-Dinitro-2-naphthylamine also diazotised readily by the same process, 
and the diazonium sulphate was converted by the Sandmeyer reaction to 2-chloro-4 : 5-dinitronaphthalene, a 
compound which appears to be identical with the previously unorientated monochloro-derivative obtained by 
Pollak (G.P., 134,306; Chem. Zenir., 1902, 918) from the direct chlorination of 1 : 8-dinitronaphthalene. Since 
both 1-chloro- and 3-chloro-4 : 5-dinitronaphthalenes are known, the additional monochloro-4 : 5-dinitronaph- 
thalene having m. p. 132° reported by Pollak would appear to be a mixture. 

1: 5-, 1: 6-, and 1: 8-Dinitronaphthalenes have also been reduced by the Hodgson and Birtwell procedure 
(loc. cit.), and comparative data are tabulated below. The reduction was rapidly completed for the 1: 5- and 1:6 
compounds and the crude nitro-amines obtained were pure and free from the tarry material which usually 
accompanies reduction im aqueous medium. Whereas 1: 8-dinitronaphthalene is scarcely attacked by 
aqueous sodium sulphide even at 90° (cf. Hodgson and Walker, Joc. cit.) nevertheless, in methanol, it is rapidly 
converted to a sulphide dye at 60°. The yield of 5-nitro-l-naphthylamine was less than that of the other 
isomerides, and the difference is not accounted for by further reaction with the sodium thiosulphate formed 
during ‘the reduction, since both 1: 5-dinitronaphthalene and 5-nitro-l-naphthylamine remain unchanged 
when boiled with alkaline sodium thiosulphate; the yield of 5-nitro-1-naphthylamine is actually decreased by 
further addition of sodium bicarbonate to the reduction medium. 


EXPERIMENTAL. 


_Preparation of 4 : 5-Dinitro-2-naphthylamine.—Finely powdered 1 : 3 : 8-trinitronaphthalene (10 g.), suspended “ 
boiling methanol (150 c.c.), was treated with sodium bicarbonate (2 g.) which caused a red colour to develop immediately; 
it was reduced by the dropwise addition of a solution of crystalline sodium sulphide (24 g.) and sodium bicarbonate 
(7-5 g.) in water (40 c.c.) and methanol (63 c.c.). The mixture was vigorously agitated and further sodium bicarbonate 
(2 g.) was added when half the previous solution was added; the solution was cooled, ice and water added in er 
after 1 hour, the precipitated crude 4 : 5-dinitro-2-naphthylamine with some unchanged trinitro-compound was —— 
washed with water, extracted twice with boiling hydrochloric acid (300 c.c., 8%) and the solution filtered; part of the 
hydrochloride of the base separated as a flocculent yellow precipitate which was only sparingly soluble in boiling hyd 
chloric acid ; ammonia (d 0-88) was then stirred gradually into the mixture at 0° and the crude 4: 5-dimitro-2-naphihylamm 
(2-2 g., 25%) separated as a flocculent orange-yellow precipitate, m. p. 224—227°. This, after separation, washing 
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ing, crystallised from 50% aqueous pyridine (charcoal) in orange rods, m. p. 232° (Found: N, 18-2. C,,.H,,0,N, 
requires N, 18-0%) which are almost insoluble in cold but more soluble in hot ethanol and glacial acetic acid, and readily 
soluble in cold acetone and pyridine. Alternatively, if, after the addition of water to the reaction mixture above, hydro- 
hloric acid be added until the solution is.almost neutral, the precipitate is more easily manipulated in spite of the fact 
hat it is accompanied with sulphur. If the amount of sodium bicarbonate added initially and after 5 minutes is 
diminished by 50%, the yield falls to ca. 20%, and without sodium bicarbonate the yield is only 2%. When the filtrate 
from the ammonia neutralisation is extracted with ether and the extract treated with hydrochloric acid gas, a colourless 
hydrochloride is precipitated and the reddish orange base from this had m. p. 145—160°; it was insufficient in quantity for 
further investigation. . 
4: 5-Dinitroaceto-2-naphthalide was obtained when the above amine (0-3 g.) was boiled for 2 minutes with acetic 


naphthalene, after crystallisation from ethanol (charcoal), had m. p. 168° and was identified as 1 : 8-dinitronaphthalene, 
(Found: N, 13-0. Calc. for C,gH,O,N,: N, 12-8%); it was not 1 : 6-dinitronaphthalene, m. p. 165°. It gave an intense 
violet colour when a trace in boiling methanol was treated with a small quantity of sodium sulphide, whereas the 1 : 3- 
and 1 : 6-isomerides gave brown colours; it was only slowly attacked by boiling sodium sulphite solution giving a brown 
solution (the 1: 3-isomeride gives an immediate violet colour, while 1 : 6-dinitronaphthalene only slowly gives a 
brown colour). 

2-Chlovo-4 : 5-dinitronaphthalene.—A solution of the above amine (1-2 g.) in sulphuric acid (5 c.c., d 1-84) was added to 
sodium nitrite (0-6 g.) in sulphuric acid (5 c.c., d 1-84) and the solution stirred into glacial acetic acid (15 c.c.) below 20°; 
the mixture, after 1 hour, was stirred into a solution of cuprous chloride (2 g.) in hydrochloric acid (15 c.c., d 1-18) 
and kept overnight. The crude 2-chloro-4 : 5-dinitronaphthalene was separated, washed with water and dried at 100°; 
it was extracted with the minimum amount of pyridine, the extract boiled (charcoal), cooled, water added in equal 
volume, the mixture again boiled, and from the filtered solution the chloro-compound separated in pale yellow rods 
(70%), m. p. 163° (Found : N, 11-4. C,,H,O,N,Cl requires N, 11-1%). 

Bromination of 4 : 5-Dinitro-2-naphthylamine.—A suspension of 4 : 5-dinitro-2-naphthylamine (0-8 g.) in chloroform 
(25 c.c.) was stirred at 5° with bromine (0-45 c.c.) in chloroform (4 c.c.); a yellow-white precipitate of 1-bromo-4 : 5- 
dinitro-2-naphthylamine hydrobromide was produced and, after a part of the chloroform had been removed the precipitate 
was separated and treated with dilute ammonia; the 1-bromo-4 : 5-dinitro-2-naphthylamine crystallised from 50% 
aqueous pyridine (charcoal) in clusters of yellow needles (1-0 g.),m. p. 176° (Found: N, 13-8. C,H,O,N,Br requires N, 
136%). The substance was almost insoluble in cold ethanol and glacial acetic acid but rather more soluble in these 
solvents when hot; it was readily soluble in cold pyridine and acetone and it gave an intense violet colour when boiled 
with ethanol and a trace of sodium sulphide. 

1-Bromo-4 : 5-dinitroaceto-2-naphthalide. This was obtained when the above amine (0-2 g.) was boiled with acetic 
anhydride (2 c.c.); the acetyl derivative crystallised from 50% aqueous acetic acid in yellow needles, m. p. 260° (Found : 
N, 12-0. C,,H,O,N,Br requires N, 11-8%). a 

1-Bromo-4 : 5-dinitronaphthalene was prepared by diazotisation of. 1-bromo-4 : 5-dinitro-2-naphthylamine (0-5 g.) 

as above, and decomposition of the diazonium sulphate by stirring the solution into a suspension of cupr8us oxide (5 g.) 
in ethanol (50 c.c.), the temperature rising to 70°. The bromo-compound was obtained as in the deamination of 
4: 5-dinitro-2-naphthylamine and crystallised (0-2 g.) from alcohol (charcoal) in yellow needles, m. p. 170°, identified 
as 1-bromo-4 ; 5-dinitronaphthalene (Ullmann and Consonno, Ber., 1902, 35, 2805, give m. p. 170°) (Found: N, 9-6. 
Calc. for C,,H,O,N,Br: N, 9-4%). 
_ 1: 2-Dibromo-4 : 5-dinitronaphthalene was prepared when a solution of 1-bromo-4 : 5-dinitro-2-naphthylamine (0-5 g.) 
in sulphuric acid (2-5 c.c., d 1-84) was added to one of sodium nitrite (0-2.g.) in sulphuric acid (1-5 c.c., d 1-84) and the 
mixture stirred into glacial acetic acid (6 c.c.) below 20°, kept for 1 hour, and then stirred into a solution of cuprous 
bromide (1 g.) in hydrobromic acid (5 c.c., d 1-7)... After some hours, the mixture was poured on to ice, the precipitate 
of crude 1 ; 2-dibromo-4 : 5-dinitronaphthalene separated and extracted with boiling alcohol (charcoal) from which it 
separated on cgoling in clusters of pale yellow polyhedra, m. p. 161°, readily soluble in cold pyridine (Found: N, 7-7. 
C,H,O,N,Br, requires N, 7-4%); it developed rapidly an intense violet colour when a trace was boiled with ethanol 
containing sodium sulphide. 

A Comparative Experimental Survey of the Monoreduction of Available Dinitronaphthalenes by Sodium Sulphide. General 
Procedure.—-The finely divided dinitronaphthalene (10 g.) suspended in boiling methanol (150 c.c.) was reduced by 
dropwise addition during 15 minutes of a previously heated solution of crystallised#sodium sulphide (16 g.) and sodium 
bicarbonate (5 g.) in water (40 c.c.) with vigorous agitation throughout. (The presence of excess sodium sulphide was 

ed by ferrous sulphate paper.) The mixture was then rapidly cooled, ice added and then water added to 11. 
The precipitated nitroamine was separated and extracted twice with boiling hydrochloric acid (300 c.c.; 8%). In some 
cases the amine separated in finely divided form and was difficult to filter, in which case hydrochloric acid was added to the 
Teaction mixture above in amount nearly sufficient to neutralise it ; the precipitate then coagulated rapidly and the presence 
of sulphur did not interfere greatly with the extraction or purity of the final product. The hydrochloric extract was treated 
at 0° with excess ammonia, the precipitated amine separated and recrystallised from a suitable solvent (pyridine, acetic 
acid, or alcohol with charcoal); all the crude products had a high degree of purity and were free from the tarry matter 
usually obtained in aqueous reductions. About 1-8 g.-mol. of reducing agent (sodium hydrosulphide) was used per g.-mol. 
dinitro-compound. The following are the summarised results : 


Dinitronaphthalene 
(10 g.). Yield, %. Composition of product. : 

: Mixture of 3-nitro-1- and 4-nitro-2-naphthylamine (Hodgson and Birtwell, Joc. cit.). 
5-Nitro-1-naphthylamine, m. p. 122° (Hodgson and Birtwell, loc. cit., give m. p. 119°). 
5-Nitro-2-naphthylamine. | 
7-Nitro-2-naphthylamine (Hodgson and Ward, this vol., p. 590). 

Only sulphide dyes. 


n whether the yield of 5-nitro-1-naphthylamine would be improved by further addition of sodium bicarbonate, 
8. was added to the original mixture and a further 1 g. after 7} minutes of reduction, but the yield actually decreased 
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to45%. 1: 5-Dinitronaphthalene (1 g.) and 5-nitro-1-naphthylamine (1 g.) were separately refluxed for 20 minutes with 
solution of sodium thiosulphate (0-5 g.) and sodium hydroxide (0-2 g.) in water (4 c.c.), but both compounds were 
recovered unchanged. 
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208. A Preliminary Study of the Polyuronide Hemicellulose of Phormium tenax 
(N.Z. Flax). 
By R. J. McI_roy, G. S. Hotmes, and (Miss) R. P. MAuGER. 


The polyuronide hemicellulose extracted from Phormium tenaxz, a lignified fibre, gave on hydrolysis d-xylose 
and d-glucuronic acid, the latter as component of a resistant acid nucleus. 

Methanolysis of the methylated polysaccharide gave 2:3: 4-trimethyl methylxyloside (ca. 11%, end 
group), 2 : 3-dimethyl methylxyloside, and the methyl ester of a methylated aldo-polyuronic acid. 

Nitric acid oxidation of the latter gave d-xylo-hydroxydimethoxyglutaric acid, d-dimethoxysuccinic acid, 
2:3: 4-trimethyl 5-saccharolactone, and 2 : 3-dimethyl y-saccharolactone. 

It is concluded that the hemicellulose is constituted of a main chain containing 9 or 10 xylo-pyranose 
residues united by 1 : 4-8-linkages, terminated at the reducing end by a complex, highly branched acid nucleus. 


THE first recorded application of methylation methods to a study of the constitution of a polyuronide heni- 
cellulose has recently been reported by Granichstadten and Percival (J., 1943, 54), who examined the hemi- 
cellulose from Iceland Moss (Cetraria islandica), a non-lignified tissue. The methylated product, on hydrolysis, 
yielded a mixture of trimethyl glucoses, which appeared to be united by 6-linkages in the main chain, together 
with end groups of galactopyranose and glucopyranose. Although uronic acid (5%, probably d-glucuronic) 
was present in the unmethylated hemicellulose, Granichstadten and Percival were unable to isolate its methyl. 
ated derivative from the hydrolysis products of the methylated hemicellulose. 

The investigation of a polyuronide hemicellulose extracted from New Zealand flax, a typical lignified 
fibre, is now recorded. Hemicelluloses from lignified tissues consist of a uronic acid (generally d-glucuronic) 
united to a series of.d-xylose units with which d-glucose may be associated. They resemble the gums and 
mucilages in that, on hydrolysis, they yield sugar units and a more resistant portion, an ‘‘ aldobionic acid,” 
which contains the uronic acid component. 

“Total’”’ hemicellulose extracted from Phormium leaves by 4% sodium hydroxide, after preliminary 
extractions with water and 0-5% ammonium oxalate to remove pectin and water-soluble substances, was 
precipitated by acetic acid and alcohol as a cream, amorphous powder. Hydrolysis with 3% sulphuric acid 
yielded d-xylose and glucuronic acid. Glucose was not detected. 

Methylation of the hemicellulose with methyl sulphate and sodium hydroxide yielded a product contain- 
ing OMe, 32-6% (constant after 5 methylations). Fractional precipitation from chloroform with light 
petroleum demonstrated the homogeneity of the methylated derivative. Subsequent methylation with 
Purdie’s reagents increased the methoxyl content to 36-8%. 

Methanolysis (2% hydrogen chloride) gave a mixture of methylxylosides and the methyl ester of a methyl- 
ated acid nucleus, the latter being separated as the barium salt The mixture of xylosides, fractionally dis- 
tilled, yielded ca. 11% of 2 : 3: 4-trimethyl methylxyloside (end group, identified by hydrolysis to crystalline 
2; 3: 4-trimethyl xylose), together with 2 : 3-dimethyl methylxyloside (main fraction, identified"by conversion 
into 2: 3-dimethyl xylonamide). A small proportion of monomethyl methylxyloside present in the residues 
from distillation is attributed to incomplete methylation rather than to a branched-chain structure. 

From the above evidence the authors conclude that the Phormium hemicellulose examined consists of 4 
chain containing approximately 10 xylopyranose units united by 1 : 4-glycosidic linkages and terminated at 
the reducing end by a resistant acid nucleus henceforth referred to as “ aldo-polyuronic acid.’’ Change in the 
rotation of the methylated hemicellulose from negative to highly positive on methanolysis suggests 4 
predominance of 8-linkages. 

From the same end-group assay a possible chain length of approximately 18 units may be deduced for 
the total hemicellulose, including the aldo-polyuronic acid unit. 

The methylated barium salt prepared directly from the methanolysis products of fully methylated hemr 
cellulose was oxidised with nitric acid according to Hirst and Purves (J., 1923, 123, 1352). After removal 
of the nitric acid, the oxidation products were esterified, and the resultant methyl esters fractionally dis- 
tilled. Methyl esters of the following were isolated: 2:3: 4-trimethyl 8-saccharolactone, 2: 3-dimethyl 
y-saecharolactone, d-xylo-hydroxydimethoxyglutaric acid, d-dimethoxysuccinic acid, and an acid which may 
be d-xylo-(unsymm.) dihydroxymethoxyglutaric acid, the last in small yield only. The above esters were 
converted into crystalline amides for identification. — 

__ For purposes of comparison, an authentic sample of 2 : 3-dimethyl methylxyloside was oxidised with mtn 
acid under the same conditions and esterified. Methyl d-xylo-hydroxydimethoxyglutarate (unsymm.) was 
the major product. 


It may be deduced from the foregoing that the methylated aldo-polyuronic acid contains dimethy! xylos 





ax 


ersion 
sidues 


s of a 
ted at 
in the 
sts 4 


ed for 


hemi- 
moval 
ly dis- 
nethyl 
h may 
5 were 


1 nitric 
1.) was 


xylose 























[1945] the Polyuronide Hemicellulose of Phormium tenax (N.Z. Flax). 797 


(2:3 or 3: 4), 2: 3-dimethyl glucuronic acid (or glucose), and 2: 3: 4-trimethyl glucuronic acid, the latter 
in a terminal position. Failure to detect glucose among the hydrolysis products of the unmethylated hemi- 
cellulose, however, makes a glucose origin for the saccharolactone appear improbable. 

Allocation of a constitutional formula to the aldo-polyuronic acid would be premature. It is evidently 
of complex structure and highly branched. ° 

It is not claimed that the length of the main :rylose chain is ikyariably 9—10 units as found for the sample 
examined. In an earlier investigation by one of us (R. J. M., Ph.D. Thesis, 1938, University of Birmingham) 
of a different sample of Phormium hemicellulose a length of 5 units for the xylose main chain was estimated. 
It is possible that the size of the repeating unit varies with the age of the plant, or that the hemicellulose 
may have been degraded during extraction or subsequent treatment. 


EXPERIMENTAL. 


Extv.wction.—Phormium tenax, var. Ngaro, leaves (800 g. air-dry), finely pulverised, were extracted with cold water 
(71.) for 24 hours, pressed, and the residue extracted with ammonium oxalate (5 1.; 0-5%) for 7 hrs. on a boiling water- 
bath to remove pectic substances. The residue, washed and pressed, was extracted three times with 4% sodium 
nydroxide solution, twice for 48 hours at room temperature (6 lr), and finally for 2 hours at 100° (61.). The combined 
sodium hydroxide extracts, filtered, were concentrated to 3 1. at 25°, excessive alkalinity being prevénted by periodical 
addition of acetic acid. Acidification with glacial acetic acid to pH 4 gave a colloidal solution from which ‘“‘ total 
hemicellulose ’”’ was precipitated by addition of an equal volume of alcohol. 

The product was redissolved in sodium hydroxide (4%), acidified, and reprecipitated by excess alcohol; yield 
51-7 g. (dry wt.), ash 15-9%. Twice redissolved and reprecipitated, the hemicellulose was obtained as a cream, amorphous 
powder (Found : OMe, 2; ash, 9-5%; equiv., 2230). The ash content could not be further reduced by this means. 

Hydrolysis.—Hemicellulose (5-0 g.) was heated with 3% sulphuric acid (250 c.c.) for 4 hours at 100°. Insoluble 
material was removed by filtration, and the filtrate, freed from sulphuric acid by precipitation as barium sulphate, 
was examined for sugars. Xylose (as cadmium xylono-bromide; xylosephenylhydrazone, m. p. 116°; and xylose 
p-nitrophenylhydrazone, m. p. 160°) and glucuronic acid (separated as barium salt by the method of van der Haar, 
and identified by nitric acid oxidation to acid potassium saccharate) were the only sugars identified. The naphtha- 
resorcin test for uronic acid was positive. . 

Methylation.—Crude hemicellulose (50 g., 15-9% ash) was treated with methyl sulphate (180 c.c.) and sodium 
hydroxide (540 c.c.; 30%) in acetone at 40—45° with vigorous stirring, ten additions being made at 15-min. intervals; 
30 mins. after the last addition the bath temperature was raised to 100° and maintained thereat for 30 mins. to remove 
acetone and excess of methyl sulphate. The solution was neutralised by sulphuric acid (50%) at 0° and made just 
alkaline with sodium hydroxide. On warming, partially methylated hemicellulose rose to the surface as a brown pre- 
cipitate, was skimmed off, and the filtrate concentrated at below 40°. Combined precipitate and concentrate were 
remethylated:-as before. 

After the third methylation the methylated product was freed from sodium sulphate by extraction with 50% aqueous 
acetone. A representative sample after 5 methylations contained OMe, 32-1% (corr. for ash); ash, 10-7%; and after 
seven methylations 32-3% and 4%, respectively. r . 

Isolation of Methylated Hemicellulose.—After the seventh methylation the bulk of the methylated hemicellulose 
was separated as sodium salt by hot filtration. Acidification of the filtrate with sulphuric acid gave a further pre- 
cipitate (C) (2-64 g. Found: OMe, 30-2; ash, 0-4%), soluble in chloroform, insoluble in light petroleum, which proved 
to be partially methylated hemicellulose. 

The main fraction, as sodium salt, was dissolved in water, acidified at 0° with sulphuric acid (50%), and extracted 
with chloroform. Two fractions were obtained. (A) Chloroform-soluble: 25 g. [Found: OMe, 32-3 (corr. for ash) ; 
ash, 4%]; (B) chloroform-insoluble : 8-3 g. [Found : OMe, ca. 38 (corr. for ash); ash, 67%]. 

Methylation with methyl iodide. Fraction (A) (5-0 g.) was methylated with, methyl iodide and silver oxide in the 
a way; yield, 4-7 g. (Found: OMe, 36-8; ash, 4%). Similar treatment of fraction (C) increased OMe to 36-2%; 

05%. 4 

Typical hydrolysis of (A). Fully methylated hemicellulose (A) was heated with 2% methyl-alcoholic hydrogen 
chloride (1220 c.c.) for 7 hrs. ateh00°. Initial rotation :+ [a]p — 5-6° in CHCl, (c, 1-0); 3 hrs. + 51-5°; 6 hrs. + 71-5°; 
7 hrs. + 72° in 2% MeOH-HCI (c, 1-0) (const. value). Neutralisation with silver carbonate and evaporation of the 
filtrate yielded a syrup, which was heated with excess of saturated baryta at 60° for 2 hours. Excess of barium was 
removed by carbon dioxide. The filtrate, evaporated to dryness under reduced pressure, was exhaustively extracted 
with boiling ether, the residue taken up with water and extracted with chloroform. Combined ethereal and chloroform 
extracts, on evaporation, yielded a mixture of methyl xylosides as a pale yellow syrup (5-25 g.). The aqueous solution 
from the chloroform extraction, evaporated to dryness, gave 4-54 g. of methylated *: 
glass (Found: Ba, 14:8; OMe, 27-6%), non-reducing to Fehling’s solution. 

Fractionation of the methylxylosides. The xyloside mixture (5-25 g.), distilled from a vacuum-jacketed Widmer 
flask, yielded, after refractionation, the following final fractions : 


arium salt as a hygroscopic yellow 


Wt. of trimethyl 
Fraction. Yield (g.). B. p. (bath temp.). . ny, methylxyloside (g:). 
yay ae pore 0-042 140—143°/16 mm. 1-4426 0-04 
0-140 144—146/14 mm. 1-4468 0-10 
0-453 146—150/14 mm. 1-4507 0-18 
0-227 150—152/14 mm. 1-4505 0-10 
0-325 152—155/14 mm. 1-4522 0-10 
0-098 152—155/14 mm. 1-4539 0-02 
0-199 155—190/14 mm. 1-4550 0-02 
1-4562 * ‘ 
wie sseweiaes bababahevascsdscsnsee 3-103 150—158/16 mm. 1-4562 — (Di) 
Te, cccuibbitenvichoctte tanave coc ues seb 0-293 100—170/0-03 mm. 1-4600 * — 
SUE SOUNN, -sieni theese ccs sccsebinns 0-252 ‘ 
5-132 0-56 
* Last drop. 


Constants used in calculation : Trimethyl methylxyloside, n}J* 1-4426; dimethyl methylxyloside, n}J* 1-4562. 
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‘The yield of trimethyl methylxyloside (0-56 g.) is equal to 10-9% of the xyloside mixture and corresponds to a chaig 
length of approx. 10 anhydro-xylose units. A value of approx. 18 units for the total hemicellulose (xylose chain 4 
aldopolyuronic acid) may be deduced. 
Methanolysis of a further portion of (A) and distillation of the products gave similar results. 
Identification of dimethyl methylxyloside. The xyloside (1-00 g.; OMe, 47-8%; mlj* 1-4562) from the above fry. 
tionation was hydrolysed by 3% hydrobromic acid (18 c.c.) at 85° for 1 hr. Bromine (1 c.c.) was added, and heatig 
continued for 12 hours at 75°, the solution then being non-reducing. Bromine was removed by aeration, and the lacton: 
extracted with chloroform.’ Evaporation of solvent and distillation of the syrup yielded dimethyl y-xylonolactone 
ny” 1-462 (0-50 g.). Treatment with methyl-alcoholic ammonia gave 2 : 3-dimethyl xylonamide (0-47 g.), m. p. (recrys 
tallised from ethyl acetate), 133° (alone or mixed with authentic specimen); [a]}”" + 46-5° in water (c, 1-0) (Found: 
OMe, 32-0. Calc.: OMe, 32-1%). 
Identification of trimethyl methylxyloside. A portion (0-30 g.) of the main trimethyl-containing fractions, once methy}. 
, ated with Purdie’s reagents, yielded a syrup, n?”* 1-4430, which was hydrolysed with 2% nitric acid (10 c.c.) during 
1 hr. at 100°. The hydrolysate, neutralised with barium carbonate and evaporated, was extracted with boiling aceton 
and boiling ether. Concentration of the extracts gave a syrup {0-15 g.; [a]>” + 21° in CHCl, (c, 0-61); Found: 
OMe, 47-9%}, from which crystals of 2 : 3 : 4-trimethyl xylose, m. p. and mixed m. p. 89—90°, rapidly separated. 
Examination of still residue. The still residue (0-25 g.) combined with fraction FX (0-29 g.; n}f* 1-4600; OM. 
41-5%), three times methylated with Purdie’s reagents, gave a syrup (0-43 g.), n}j* 1-4530, [a]}® + 66° in chloroform 
(c, 1-6) (Found: OMe, 54-8%). It is assumed that the residue and final fraction consisted of dimethyl methylxylosi 
in admixture with’a little monomethyl methylxyloside due to incomplete methylation. 
Esterification of Partially Methylated Barium Salt with Methyl Iodide——Crude methylated barium salt (4-54 g.) from 
the methanolysis, purified by solution in methyl alcohol and filtration from extraneous barium carbonate, was treate 
with Purdie’s reagents. Solvent extraction and evaporation yielded the methyl ester of hemicellulose ‘* aldobionic” 
acid as.a pale yellow syrup (2-67 g.) (Found: OMe, 44-0%); ni#?* 1-4654; [a]} + 84° in CHCl, (c, 1-04). 
; Nitric Acid Oxidation of Methylated Barium Salt.—Methylated barium salt (2-00 g. Found: Ba, 12-4; OMe, 31-9%) 

from methanolysis of a second portion of methylated hemicellulose, fraction (A), was dissolved in A.R. nitric acid 
(33 c.c., d 1-20) in a 300-¢.c. flask. The temperature, initially raised to 90°, was lowered to 80° when reaction con. 
menced and maintained at 80° for 6 hrs. The clear, almost colourless solution was diluted with an equal volume of 
water, and the greater part of the nitric acid removed by distillation at 45—50° under reduced pressure during th 
continued addition of water (3 1.). On concentration, a pale yellow syrup, which still reacted acid to Congo-red paper, 
was obtained. This was taken up in dry methyl alcohol, and the solvent evaporated in order to remove the last trace 
of water. 

Esterification of the oxidation products. The pale yellow syrup which finally resulted was esterified by refluxig 
with methyl-alcoholic hydrogen chloride (30 c.c., 3%) for 6 hrs. Hydrogen chloride was removed by silver carbonate, 
After evaporation of solvent the syrup still contained some silver nitrate. Ether extraction and concentration gave 
a neutral syrup (1-27 g.). A further portion of light brown syrup (0-16 g.) was extracted from the silver residues by 
hot methyl acetate. 

Fractionation of the methyl esters. The mixture of esters (1-27 g.) was distilled from a vacuum-jacketed Widma 
flask in the following fractions : 

Fraction (1), 0-21 g.,. pale yellow, mobile liquid, b. p. 115—122° (bath temp.) /0-07—0-10 mm.; nl? 1-4453; [aj 
+ 87° in methyl acetate (c, 3-57) (Found: OMe, 54-6%). A mixture of approx. 38% dimethyl dimethoxysuccinate 
. (OMe, 60%), 60% dimethyl xylo-hydroxydimethoxyglutarate (OMe, 52-5%), and 1—2% dimethyl *xylo-dihydroxy- 
methoxyglutarate (OMe, 41-9%) requires OMe, 55%. \ 

Fraction (1) (0°16 g.) was dissolved in dry methyl alcohol (2-5 c.c.) and the solution saturated with dry ammonia 
A pale green colour developed in 48 hours, and clusters of long, colourless needles were deposited. The crystals ((-()2 g) 
became dark brown at 200°, melted to a dark liquid at 270°, and decomposed at about 285° (Found: N, 18-0. Cak. 
for C,H,,0O,N,: N, 15-9%); these properties agree with those of dimethoxysuccinamide (Haworth, Hirst, and Miller, 

., 1927, 2440). 

‘ A second crop of crystals (0-01-g.) was deposited after a further 2 days. These separated as small clusters of fine, 

colourless needles but different in appearance from the first crop. The crystals darkened slightly at 126° and melted 
at 127°; [a]i®* + 28° (30 mins.) —-> + 40° (const. value, 7 hrs.) in water (c, 0-63) (Found : OMe, 29-6%). This crop 
may be xylo-dihydroxymethoxymethylglutaramide (Calc.: OMe, 29-8%), m. p. not recorded. ; 

The liquid remaining after removal of the second crop was concentrated to half velume and became moss-green it 
colour, indicating the presence of a *#ylo-derivative (Pryde and Williams, Biochem. J., 1933, 27, 1197). Fan-shapel 
clusters of colourless, narrow blades (0-15 g.) were slowly deposited; m. p. 140°, not depressed by xylo-hydroxydimethoxy 
glutardiamide prepared by oxidation of 2’: 3-dimethyl methylxyloside. 

Fraction (2), 0-39 g., pale yellow syrup, b.-p. 130—150° (bath temp.) /0-02—0-03 mm.; m$* 1-4657 (last drop); 
faj!* + 75° in methyl acetate (c, 1-54) (Found: OMe, 44:1%). This fraction also was apparently a mixture of esters 
Treatment with methyl-alcoholic ammonia and concentration gave an amide (0-21 g.) after 3 days; marrow, blade-lkt 
crystals, m. p. 140° not depressed by xylo-hydroxydimethoxyglutardiamide prepared by oxidation of 2 : 3-dimethyl 
methylxyloside. The residual solution, on standing, yielded colourless needles, m. p. 155—156°. 

Fraction (3), 0-08 g., yellow syrup, n$°° |-4657; soluble in ether; extracted from side arm and column of Widmd 
flask. Large, colourless plates (0-05 g.), m. jp. 101°, separated on standing (cf. 2 : 3-dimethyl-y-saccharolactone, ™. p. 
101°). ‘Amide formation yielded colourless needles (0-07 g.), similar to those obtained from fraction (2), second crop, 
m. p. 155—155-5°, [a]}®* + 30-5° in water (c, 0-18) (Found: N, 12-1; OMe, 21-8. Cale. for CgH,,0,N,: N, 1% 
OMe, 26-3%), believed to be 2 : 3-dimethyl saccharamide (cf. Smith, J., 1940, 1035). : 

Fraction (4), 0-03 g., flat, colourless, hexagonal plates, m. p. 105—106°, sparingly soluble in ether, readily soluble # 
methyl alcohol, extracted from column and side arm of Widmer flask by methyl alcohol; [a]} + 85° in methy! alcobal 
(c, 051). This was evidently 2 : 3 : 4-trimethyl-3-saccharolactone methyl ester (Robertson and Waters, J., 1931, 1708; 
Smith, J., 1939, 1732; Hirst and Jones, Joc. cit.). ; 

Fraction (5), 0-33 g., brown still residue (Found : OMe, 35-2; ash, 4-8%). Methyl-alcoholic ammonia gave a reddish: 
brown syrup from which colourless needles, m. p. 155—156°, slowly separated. ae 

Examination of the methyl acetate extract. This extract (0-16 g.) of the methyl esters prepared from the oxidatol 
products on distillation yielded : 

Fraction (I), 0-01 g., yellow syrup, b. p. 95—110° (bath ype date mm., 13° 1-4508; [a]%* + 75° in methy! acetal? 
(c, 0°28); compare fraction (2), }?* 1-4507, from oxidation of 2 : 3-dimethyl methylxyloside. This fraction probably 
consists of a mixture of the methyl esters of xylo-hydroxydimethoxyglutaric and xylo-dihydroxymethoxyglutaric acids, 
together with a small proportion of trimethyl 6-saccharolactone. - 

Fraction (II), 0-03 g. "gpa syrup which did not distil at 160°/0-02 mm. and was extracted from the column. Tr | 
ment with methyl-alcoholic ammonia gave an amide (0-04 g.), colourless needles, m. p. 155°. 
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Fraction (III), still residue (0-11 g.), a brown syrup which contained silver. Methyl acetate extraction gave a syrup 
0-04 g.) free from silver. The amide (0-05 g.) slowly deposited colourless needles, m. p. 156°. 

Nitric Acid Oxidation of 2 : 3-Dimethyl Methylxyloside.—For purposes of comparison 2 : 3-dimethyl methylxyloside 
1-00 g.) was oxidised by nitric acid according to the procedure already described. The resultant mixture of methyl 
sters (1-14 g.) was distilled from a Widmer flask in the following fractions : 

Fraction (1), 0-68 g., colourless, mobile liquid, m}%* 1-4479; [a]f + 123° in methyl acetate (c, 2-64) (Found: OMe, 
56%). Treated with methyl-alcoholic ammonia, it. deposited a crystalline amide (0-39 g.) after 9 days; colourless, 
Jongated, hexagonal prisms, m. p. 140° to a dark brown melt; fa} + 24° in water (c, 0-51) (Found: C, 41-0; H, 6-7; 
i, 135; OMe, 31-2. Calc. for C,H,,0,N,: C, 40-8; H, 6-8; N, 13-6; OMe, 31-0%). This was evidently xylo- 
ydroxydimethoxyglutardiamide, m. p. not recorded (Nelson and Percival, J., 1942, 58). : 

“ The residual yellow solution, on concentration, gave a further crop of colourless crystals (0-10 g.), identical with 
he first crop; m. p. and mixed m. p. 140°. ; 

Fraction (2), 0-10 g., pale yellow syrup, m} 1-4503. On amide formation a few crystals identical with the amide 
om fraction (1) were deposited after 14 days. 

Fraction (3), 0-17 g., a yellow syrup remained in the column and side arm of the Widmer flask at 200°/0-02 mm. ; 
1” 1.4507. On amide formation, clusters of colourless, rod-like crystals (0-02 g.) were deposited. These darkened 
pove 200° and melted at 270°, identical with dimethoxysuccinamide. The residual orange solution did not crystallise. 

The still residue (0-05 g.) could not be induced to form a crystalline amide. 


The authors thank Professor J. Packer for his interest in the work, the Department of Scientific and Industrial 
Research (N.Z.) who supplied the Phormium leaf, and Mr. R. .N. Seelye who carried out the micro-analysis. 
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209. Structure of Compounds of Ferrocyanide Type. Part I. Crystal Structure 
of Hexamethylisocyanidoferrous Chloride. 


By H. M. Powe Lt and G. W. R. BARTINDALE. 


The comparatively simple hexagonal structure permits a determination of the Fe—C (1-85 a.) and C-N 
(1:18 4.) distances. The former is approximately that calculated for a 50% double bond character of the 
link. The Fe-C-N-—CH, sequence of atoms has a bend of 7° at the nitrogen atom which brings the methyl] 
groups slightly out of line with the otherwise linear arrangement, Chloride ions and water of crystallisation 


molecules do not conform strictly to space-group symmetry, but adopt positions which permit a closer approach 
of the oppositely charged ions. 


To account for the stability of complexes of the transition elements containing cyano-groups it has been sug- 
bested that these elements are capable of forming bords, to the carbon atoms, which have in part a double--: 
bond character (Pauling, ‘“‘ The Nature of the Chemical Bond,” 1939). Evidence for this comes from the 
tructures of carbonyls (Brockway and Cross, J. Chem. Physics, 1935, 3, 828; Crawford and Cross, ibid., 1938, 
b, 525; Brockway and Anderson, Tvans. Faraday Soc., 1937, 38, 1233; Brockway, Ewens, and Lister, ibid., 
938, 34, 1350), since the metal—carbon and carbon-oxygen bond lengths observed correspond to resonance 
between the types M:C:::O and M::C::O:. That the CO group in a carbonyl can function as a ketone group is 
hown directly in iron enneacarbonyl (Powell and Ewens, J., 1939, 286), where three such groups form bridges 
between iron atoms, but here of course the two carbon bonds do not link to the same iron atom. In complexes 


buch as the ferrocyanide ion the bond may resonate, between the types Fe (CN), Fe?C:N: and Fe::C::N:-. 
The contribution of the double-bond type to the structure may be found from the iron—carbon distance, and the 
primary object in this series of investigations was to make an accurate determination of this distance. The 
hormal single-bond distance would be about 2-0 a., and double-bond character should show itself in a diminished 
ength. Attention was first directed to tetramethyl ferrocyanide Fe(CNMe),(CN),. The molecule has four 

NMe groups linked to iron, and in this case the two types Fe::C-Ns, and Fe°C:::N‘Me differ in their natural © 
stereochemical configurations in that the first bends at the nitrogen atom and the second is completely linear. 

n the resonance structure there might therefore be a departure from strict linearity which would reinforce the 

idence irom bond length. Both cis- and trans-isomers were studied, but the results, to be given later, are 
neomplete, and great refinement was not attempted on the discovery that the compound here dealt with had 
A convenient structure in which symmetry conditions made possible a more accurate determination of the 
equired quantities. . : 

_Hexamethylisocyanidoferrous chloride trihydrate, Fe(CNMe),Cl,,3H,O, was prepared from the corresponding : 
id sulphate by a modification of the method described by Hartley (J., 1910, 97, 1725) from a specimen of his 
mginal material. The product was recrystallised from 97% alcohol, mixed with xylene to reduce the solu- 
bility of the salt; on cooling the warmed solution, faintly yellow hexagonal prisms crystallised out. The 
fomposition was established by analysis [Found: Cl (by Volhard’s method), 17-1. C,,H,,N,Cl,Fe,3H,O 
quires Cl, 16-6%. C,,H,,N,Cl,Fe requires Cl, 19-0%], and by the molecular weight calculated from cell 
uumensions (see below) (Found: M, 426. C,,H,,N,Cl,Fe,3H,O requires M, 427). The water of crystallisation 
derived from the wet alcohol, which contained ten times the amount needed for the weight of salt used. It 
a8 impossible to make a direct estimation of the water by dehydration : no loss in weight was observed when 
ne salt was kept for some weeks over concentrated sulphuric acid under reduced pressure, and on heating the 
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substance at 95° for some days only a very slow loss took place, with gradual disintegration of the crystals 
Heating to a higher temperature would have led to decomposition with loss of methyl chloride. 

The crystals develop the forms {1010}, {0001}, and sometimes {1120}; they are optically uniaxial negative, 
show no pyroelectric effect by the liquid-air test, and have a density (flotation) of 1-394 g./c.c. Oscillation anj 


Fic. 1. 
Relative electron density projected on 0001. 








Contours are drawn at equal intervals except that for the iron and ‘‘ chlorine” the interval has been doubled to avoid 
confusion of many lines. To preserve the éffect of greater density than that given by the lighter atoms these contow's ai 
double intervals have been drawn in more heavily. The relative heights of the peaks in the arms of the octahedron, here ste 
lying on one of its faces, show clearly the link through the carbon atom to iron. The peak marked ‘‘ Cl” vepresenls 
#Cl + }H,O as explained in the text. 


Weissenberg photographs were taken about the axes [100], [001], and [210] with copper radiation. From 
intensities estimated visually from the Weissenberg photographs relative values of the structure factors Fo 
and F,,a;; were derived. The unit cell dimensions deduced are a = 10-45, c = 5-30,kX, and hence the number 
of molecules per cell is 0-998-+1. Alternatively, the molecular weight calculated from the cell dimensions" 
426. There are no spectra absent through space-group symmetry. Some oscillation photographs about [00 
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are unsymmetrical above and below the zero layer line, and therefore the possible space groups are C3, C3, 

3m, H3m, H32, H3m, and C3m. Similar photographs taken with different crystals are often symmetrical, 
put this is due to twinning of the trigonal crystals on (0001). This twinning is of a lamellar character and is 
ery persistent; probably no crystal obtained was entirely free from it. Crystals of the isomorphous bromide 
sre comparatively free from this twinning and always gave unsymmetrical patterns. Intensity relations 
between the different reflexions show the presence of vertical planes of symmetry and this eliminates C3 and 
(3. Those groups without a symmetry centre were rejected in the absence of any evidence, either in the 
chloride or in the isomorphous bromide, of this lack of a symmetry centre. The possible groups left are H3m 
and C3m; in both, the iron atom must lie at 000 or 004, and it is therefore possible to proceed with the Fourier 
electron-density synthesis without first deciding on the space-group, by giving to all structure factors the 
positive sign of the iron contribution, arising from iron atoms taken at 000. For the density projected on 
(0001) no assumptions about the space-group are necessary; it is sufficient to notice that, since there is only 
one iron atom per cell, its xy co-ordinates must be 00, and the further symmetry elements are brought into the 
resulting projection automatically from the intensity relationships. The series for electron density projected 
on (0001), (P)zySCLLF p49 COS 2x(hx + ky), was therefore summed. The resulting projection, differing but little 
from the final one (Fig. 1), showed the iron atom at the origin surrounded by six CNMearms. These are located 
in positions very close to those required for a regular octahedral distribution around the iron atom, and show 


Fic. 2. 
Relative electron density projected on 1010. 
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The arms of the octahedral — ave ruled in, and those not in the line of sight show the bend at the nitrogen atom. 
The bend is not, however, estimated from this projection but from the accurate projected lengths obtained from Fig. 1. Two 
shaded aveas indicate depressions. Water molecules ave either included in the peak marked ‘‘Cl”’ (see Fig. 1) or obscured 
by the iron peak. c 
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that there are vertical planes of symmetry parallel to (1130), but not parallel to (1010). This means that the 
space group is C3m, and it is then possible to consider the distribution of the remaining atoms in accordance 
with this symmetry. In what follows the equivalent point positions are mamed according to the “ Inter- 
nationale Tabellen zur Bestimmung von Kristalstrukturen.”’ 

It is natural to suppose that the two chlorine ions would lie in (d) }$z, since there is no space available in 
the only other two-fold position (c) 00z, and that three water molecules would be located in a three-fold 
position (¢) or (f), with xy = 40, 04, $4, but, although peaks are found in both these positions, the 
magnitude of the electron density is almost the reverse of what is expected, i.e., the chlorine appears 
to be where the water was expected. If nevertheless it is assumed that there are two chlorine ions in 
¢) or (f) for the purpose of revising the signs of Fj,, no appreciable alteration results on a repetition of 
the summation; the chlorine still appears where water is expected. Further, there are irremovable discrep- 
ancies in the calculated magnitudes of the structure factors. Thus F),;. is calculated to be weak for indices 
when both A and & are even, whereas strong values are observed; when 4 — k = 3n, calculated values are 
strong and observed ones weak. These discrepancies are removed only if a larger contribution is made by 
atoms in the three-fold positions (¢) or (f) and a smaller one by atoms in the two-fold position (d). An examin- 
ation of the isomorphous bromide showed these effects in an even more marked form and proved that the 
halogen ions must occupy the three-fold position. Since there are but two such ions per cell, there must be a 
random distribution of them among the three-fold positions, and of the three water molecules two must occupy 
the _ position (d) and the remaining one be distributed at random among the three-fold positions. Each 

H 
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three-fold position therefore holds statistically $#Cl and $H,O. Recalculation of structure factors on this 
assumption gives satisfactory agreement. Three small F),;)’s were found to change sign and the fina] 
summation was made with these modifications. 

The basal projection is unaffected by the twinning mentioned above, but a projection on (1120) cannot lk 
obtained since with the twinned crystals it is impossible to observe Fhoj; and Fyoj, separately. A side view of 
the structure was obtained by projection on (1010). The sum LZF;,2,; cos 2x(hx’ + ky), where x’ is the co. 
ordinate along an orthohexagonal b axis, can be evaluated, since, in this space-group, Fhjsi; = Fanajy, and the 
effect of twinning in superposing the two corresponding reflexions does not affect the measurement of intensities, 
All the signs were taken as positive, and detailed calculation from the final structure later proved these to be 
all correct without change of sign. i 

From the two projections shown in Figs. 1 and 2 the atomic positions were estimated to be as in Table]; 
one parameter, z, for the water molecules in (d), could not be observed directly and this has been obtained from 
packing considerations. 


TABLE I. 


Atomic parameters. Space-group C3m. 


Atoms. Position. 
ee ere mene 
2Cl and 1H,O ........sscecceceeeeeeee (2) $00, 040, $40 
| | Aeros ae Ey z= 0-1 
aitésctien (i) #&z 0-125 
(1) x&z 
(t) #&z 


. Tables II and III show the agreement between observed and calculated structure factors; a temperature 
correction e~ Asin 6/4", with B = 2, has been applied to the calculated values. 


Tas_e II. 
Observed and calculated values of Frio (temperature corrected). 


Indices. F, obs. F, calc. Indices. F, obs. F, calc. Indices. F, obs. F, calc. Indices. F, obs. F, calc. 
1010 8080 12 18 7180 17 
2030 1130 19 2240 74 
3030 2130 16 3250 16 
4040 3140 9 4260 45 
5050 4150 13 5270 5 
6060 5160 6280 36 
7070 6170 3360 33 


TABLE III. 


Observed and calculated values of Frpaiy (temperature corrected). 


Indices. F, obs. F, calc. Indices. F, obs. F, calc. Indices. F, obs. F, calc. Indices. F, obs. F ,calec. 


2242 55 4482 16 
2243 58 4483 17 
2244 19 4484 18 
2245 7 4485 19 
3361 0 55101 1 
3362 3 55102 2 
3363 0 66131 18 
4481 43 66132 18 


++ 

Fig. 1 shows the octahedral complex ion Fe(CNMe), projected on to a plane parallel to a face of the octa- 
hedron. Measurement of the projected distance Fe-C leads to a calculated length of 1-85 a. for the bond on 
the assumption of a regular octahedral arrangement of carbon atoms round the iron atom. The carbon atom 
is resolyed in the sideways projection (Fig. 2), and its position is in good agreement with that expected for 4 
regular octahedral distribution. When the other bond lengths are calculated from the projected lengths seet 
in Fig. 1, on the assumption of a linear FeCNMe arm, the C—N distance is found to be 1-18 a., about the same 
as. the distances in other compounds containing carbon triply bound to nitrogen, but the N—CH, length 's 
calculated as 1-59. This is much larger than the probable value for a single link, which for Pauling and 
Huggins’s covalent radii (Z. Krist., 1934, 87, 205) would be 1-47 a., and shows that the FeCNMe arms are n0t 
linear beyond the nitrogen atom. Bending of all the N—Me links out of the straight, so that the complex 100 
is flattened as a whole parallel to (0001), makes the projected length greater, and if a N—Me distance of 1-474. 
is assumed, a bend of 7° is required to bring the projection of the methyl groups into the observed positions. 
Although it is less suitable for showing the detail, the (1010) projection provides confirmation of the bend 
the CNMe arm, particularly by the low electron density at xz = 0} where, if the arm were linear, there would 
be overlapping of two methyl groups with a consequent fairly high electron density. 
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The structure provides an accurate value for the Fe—C distance in a substance closely related to the ferro- 
cyanides. The value 1-85 a. agrees closely with that found in iron 
pentacarbonyl (Ewens and Lister, Trans. Faraday Soc., 1939, 35, 681). 
If the iron-carbon single and double bonds are taken as 2-00 and 1-79 a., 
respectively, the interatomic distance for an intermediate bond with 
single bond—double bond resonance may be calculated from the expres- 
sion R = 2-0 — (2-0 — 1-79)3x/(2x + 1), where x represents the amount 
of double-bond character. If we use the observed value for R it is found 
that + = 0-46, or very nearly one-half. The complex ion may therefore 
be represented by the formula (I), analogous to that suggested by Pauling 
(qp. cit.) for the ferrocyanide ion, the structure shown being in resonance 
with the similar structures obtained by interchanging the bonds. 














-/ 


. ~ - 

The single-bond type places a negative charge on iron and a positive charge on the nitrogen, Fe:C:::N:CH,, 
so with six single bonds there would be six positive charges on the nitrogen atoms and four negative charges 
on the centraliron atom. The effect of double-bond formation is to displace positive charge from the nitrogen 


to the iron atom, both becoming neutral, Fe::C::N:CH,, so when all the 3d, 4s, and 4p orbitals of the iron atom 
are used as in (I) there is a charge of —1 on the iron and of +3 divided among the six nitrogen atoms. In 
the single-bond form a partial ionic character may cause further neutralisation of the negative charge on the 
iron. 

A simple qualitative explanation for the disorder effect in the structure may be given. The main archi- 
tecture of the structure is determined by the shape and size of the long-armed octahedral complex ions which 
are packed as closely as is possible even if there were no other components of the structure, i.e., the terminal 
methyl groups are separated in all directions at distances usual for these unlinked groups. The holes left are of 
sufficient size to hold the chlorine ions and water molecules. The distance from a chlorine ion to the iron at 
the centre of the cation is 5-2 a. in the disordered structure, and would be increased to 6-2 a. if the chlorine were 
transferred ¢o the two-fold position occupied by part of the water, and it is natural to attribute the structure 
adopted to the lowering of potential energy consequent on the closer approach of the oppositely charged ions. 


TABLE IV. 
Interatomic distances, bond lengths, and angles. 


veces 185A. we eS Eee CH, ... H,O (d) 3-39 and 3-73 a. 
"Re tera? * aaly ; ee 3-70 and 3-91 
2) apnea * ld ARIES canteen gundiitets = a > er Saeeeenetie y * ” 

EP Sa” aps Cl- ... H,O (d) 

Fe... H,O (e) ............ 5 Baa dotcsaltacinp Angle C-N-CH, 

Fe... H,O (d) :........... © 


Table IV gives a number of interatomic distances. The most important ones are derived directly from the 
Fourier analysis; those involving water molecules in position (d) are dependent on the value of z for the water 
molecule which is not resolved in the (1010) projection, and has been chosen from packing considerations ; 
the N-CH, distance and the angle of bend are interdependent, since overlapping prevents an accurate direct 
determination of the bend which is, however, shown by both projections to be real. 


The authors wish to record their thanks to Mr. E. G. J. Hartley for his frequent help in providing materials used, to 
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210. Some Derivatives of 1:1: 1-Trichloro-2 : 2-di-(4-chlorophenyl)ethane (DDT). 
By O. G. BackEeBeErG and J. L. C.-Marals. 
1; 1-Dichloro-2 : 2-di-(4-chlorophenyl)ethylene (II) is oxidised in acetic acid solution, either by fuming 


nitric acid or by chromic acid, to 4: 4’-dichlorobenzophenone, while fuming nitric acid alone forms 4: 4’- 
dichloro-3 ; 3’-dinitrobenzophenone (III) ; 1: I-dichloro-2 : 2-di-(4-chloro-3-nitrophenyl)ethylene (IV) is obtained 
from the corresponding DDT compound (V) by the action of alcoholic potash. ~ 
_ Nitration of DDT with fuming nitric-sulphuric acid mixture forms 3 : 3’ : 5 : 5’-tetranitro-DDT (VI); under 
similar conditions. 1 : 1-Dichloro-2 : 2-di-(4-chlorophenyl)ethylene forms the corresponding tetranitrobenzo- 
henone (VII); 1: 1-dichloro-2 : 2-di-(4-chloro-3 : 5-dinitrophenyl)ethylene (VIII) is obtained from tetranitro- 
a, — by the action of alcoholic potash or by heating a nitrobenzene solution containing a trace of ferrié 
oride. 


“ee converts 1 : 1-dichloro-2 : 2-diphenylethylene into 1 : 1-dichloro-2 : 2-di-(4-bromopheny])ethylene 


SINCE Zeidler (Ber., 1874, 7, 1181) first described the preparation of 1 : 1 : 1-trichloro-2 : 2-di-(4-chloropheny])- 
ethane (DDT) (I), very little has been published in connection with the chemistry of this compound; quite 
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recently, however, two publications have appeared (Schechter and Haller, J. Amer. Chem. Soc., 1944, 66, 2129. 
Grummitt, Buck, and Jenkins, ibid., 1945, 67, 155), which became available only after the experiments now 
described had been completed. 

In view of the importance of DDT as an insecticide, it appeared of interest to investigate its conversion into 
related compounds. Zeidler (loc. cit.) described its nitration to the 3 : 3’-dinitro-compound (V) and its conversion 
into 1: 1-dichloro-2 : 2-di-(4-chlorophenyl)ethylene (II) by the action of alcoholic potash. The behaviour of 
(II) with fuming nitric acid has been studied ; in acetic acid solution it formed 4 : 4’-dichlorobenzophenone, thus 
fixing the 4-position of the two nuclear chlorine atoms in 1 : 1-dichloro-2 : 2-di-(4-chlorophenyl)ethylene 
therefore in DDT. With fuming nitric acid alone the product was 4 : 4’-dichloro-3 : 3’-dinitrobenzophenone 
(III), identical with the compound described by Montagne (Ber., 1915, 48, 1030). It was not found possible to 
nitrate 1 : 1-dichloro-2 : 2-di-(4-chlorophenyl)ethylene without at the same time oxidising it to the corresponding 
ketone, but 1 : 1-dichloro-2 : 2-di-(4-chloro-3-nitrophenyl)ethylene (IV), was readily prepared by the action of 
alcoholic potash on dinitro-DDT; the compound, (IV), was reduced to the corresponding amine, 1 : 1-dichloro- 
2 : 2-di-(4-chloro-3-aminopheny])ethylene, while fuming nitric acid oxidised it to the ketone (ITT) referred to above. 

The more vigorous nitration of DDT and 1: 1-dichloro-2 : 2-di-(4-chlorophenyl)ethylene to tetranitro 
derivatives was accomplished by the action of fuming nitric-sulphuric acid mixture. In the former case the 
product was | : 1 : 1-trichloro-2 : 2-di-(4-chloro-3 : 5-dinitrophenyl)ethane (VI), confirming the result of Schechter 
and Haller (loc. cit.), although its m. p. was found to be significantly lower than reported by these authors: 
in the latter case, however, the product was 4 : 4’-dichloro-3 : 3’ : 5 : 5’-tetranitrobenzophenone (VII) and not 
1 : 1-dichloro-2 : 2-di-(4-chloro-3 : 5-dinitrophenyl)-ethylene, as stated by these authors (who described the 
product as having m. p. 224-5—225-5°, but did not give any analytical data for it) ; here too, therefore, oxidation 
to the ketone occurred during nitration. 1: 1-Dichloro-2 : 2-di-(4-chloro-3 : 5-dinitrophenyl)ethylene (VIII), 
m. p. 247° was, however, readily obtained from tetranitro-DDT either by the action of alcoholic potash or by 
heating a nitrobenzene solution containing a trace of ferric chloride; this compound (VIII), on warming with 
fuming nitric acid, was oxidised to the tetranitro-ketone (VII). 

The oxidation of 1 : 1-dichloro-2 : 2-di-(4-chlorophenyl)ethylene to 4 : 4’-dichlorobenzophenone by the action 
of chromic acid in acetic solution (a reaction first carried out on this type of compound by Brand and Busse- 
Sundermann, Ber., 1942, 75, 1819), as well as its conversion into 1 : 1 : 1 : 2-tetrachloro-2 : 2-di-(4-chlorophenyl)- 
ethane (XII) by the action of chlorine, was also carried out. The results obtained were substantially the same 
as those described by Grummitt, Buck, and Jenkins (Joc. cit.). In this connection, Biltz (Ber., 1893, 26, 1966) 
investigated the action of chlorine and of bromine on 1 : 1-dichloro-2 : 2-diphenylethylene (IX) ; his observation 
that the product in the former case was the tetrachloroethane derivative (X) formed by addition, was confirmed 
both by analysis and by its reconversion into the compound (IX) by the action of zinc dust; but the interesting 
observation was made that bromine formed, not the addition compound as stated by Biltz, but the substitution 
product, 1 : 1-dichloro-2 : 2-di-(4-bromophenyl)ethylene (XI). 

Details for the large-scale preparation of DDT are contained in E.P. 547,871 and 547,874; for the preparation 
of small quantities (ca. 10—20 g.) Zeidler’s reaction conditions and-quantities were slightly modified, and the 
product, after one crystallisation from alcohol, had m. p. 108°. Examination of a local commercial product, 
prepared on a small scale, gave a substance which on investigation proved it to be chloralide (XIII), m. p. 114°. 
Enquiry showed that higher temperatures had been used in an attempt to speed up the reaction and to increase 
the yield—the reaction mixture had, in fact, been refluxed for some time. In such circumstances chloralide 
may thus be a by-product of the reaction (compare Gabrowski, Ber., 1875, 8, 1433). 
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EXPERIMENTAL. 


(A standardised, short-stem Anschiitz thermometer was used for all m. p. determinations.) 

Oxidation of 1 : 1-Dichloro-2 : 2-di-(4-chlorophenyl)ethylene—The compound (2 g.) in 20 c.c. glacial acetic acid was 
heated on the water-bath for 3 hours with 10 c.c. nitric acid (d 1-47) and poured into water; a colourless solid (1-5 g.) 
separated which, after crystallisation from alcohol, had m. p. 146-5°, identical with an authentic specimen of 
4: 4’-dichlorobenzophenone. 

4: 4’-Dichloro-3 : 3’-dinitrobenzophenone (III).—(a) 1 : 1-Dichloro-2 : 2-di-(4-chlorophenyl)ethylene (2 g.) was dissolved 
in nitric acid (20 c.c., d 1-47) ins portions at a time, the solution warmed on the water-bath for 30 minutes and poured 
into water. A pale yellow granular solid separated, m. p. 131-5° after crystallisation from alcohol or acetic acid. The 
m, p. was unchanged by admixture with a specimen prepared by the nitration of 4 : 4’-dichlorobenzophenone according to 
Consonno (Gazz., 1904, 34, 374), who, however, reported m. p. 120°. This compound was later prepared by Montagne 
(loc. cit.), who established its constitution unambiguously and reported m. p. 132-5°. The identity of the ketone was 
further established by its reduction to the corresponding diamine, m. p. 167-5° (cf. Montagne, loc. cit.). (b) 2 : 2-Dichloro- 
9: 2-di-(4-chloro-3-nitrophenyl)-ethylene (IV) (1 g.) was heated on the water-bath with nitric acid (5 c.c. d 1%) for 
15 minutes and poured into water. The yellow solid had m. p. 131-5° after crystallisation from alcohol, identical with 
a specimen prepared as above. 

1: 1-Dichloro-2 : 2-di-(4-chloro-3-nitrophenyl)ethylene (I1V).—Dinitro-DDT (V) (20 g.), dissolved in absolute alcohol, 
was refluxed with a solution of potassium hydroxide (3 g. in absolute alcohol) for 2 hours. The filtered solution was left 
at 0° and the product (12 g.) was obtained as pale yellow, stout prisms, m. p. 118-5°. A further quantity. (6 g.) was 
recovered from the mother liquor (Found: N, 7-0. C,,H,O,N,Cl, requires N, 6-9%). 

1: 1-Dichloro-2 ; 2-di-(4-chloro-3-aminophenyl)ethylene.—1 : 1-Dichloro-2 : 2-di-(4-chloro-3-nitrophenyl)ethylene (3 g.) 
in acetic acid (30 c.c.) was heated under reflux and a concentrated aqueous solution of sodium hydrosulphite (15-8 g.) added 
dropwise during 1 hour. The hot solution was filtered, and on cooling, the amine crystallised in colourless plates, m. p. 
143—144° (Found: N, 82. C,,H,,N,Cl, requires N, 8-05%). The diacetyl derivative crystallised from dilute acetic 
acid in colourless prisms, m. p. 202° (Found: N, 6-7. C,,H,,0,N,Cl, requires N, 6-5%). 

1:1: 1-Trichloro-2 : 2-di-(4-chloro-3 : 5-dinitrophenyl)ethane (V1).—Concentrated sulphuric acid (30 c.c.) was slowly 
added to DDT (2 g.) dissolved in nitric acid (30 c.c., d 1-5), and the mixture heated on the water-bath for 4 hours, during 
which the oil, which initially separated, solidified. The reaction mixture was poured into water, and the solid separated, 
washed and crystallised from dioxan; it was obtained in small cream prisms with a greenish tinge, m. p. 218-5—219-5°. 
With alcoholic potash a purple colour was formed which changed to reddish brown on warming (Found: N, 10-4. Cale. 
for C-H.O.N,Cl, : N, 10-5%) (Schechter and Haller, Joc. cit., reported m. p. 223-5—-224-5°). The similar nitration of 
dinitro-DDT (V) formed the same product. 

4: 4’-Dichloro-3 : 3’ : 5 : 5’-tetranitrobenzophenone (VII).—Concentrated sulphuric acid (30 c.c:) was slowly added to a 
solution of 1 : 1-dichloro-2 ; 2-di-(4-chlorophenyl)ethylene in 30 c:c. nitric acid (30 c.c. d 1-5), and the mixture heated on 
the water-bath for 4 hours; ompouring the solution into water a solid separated which crystallised from dioxan in small, 
pale yellow needles, m. p. 209°. With alcoholic potash a reddish brown colour was formed which changed to brown on 
warming (Found: N, 13-0. Calc. for C,;H,O,N,Cl,: N, 13-0%). Consonno (loc. cit.) nitrated 3 : 3’-dinitro-4 : 4’- 
dichlorobenzophenone with potassium nitrate-sulphuric acid mixture, and the product had m. p. 202°. The same 
product was obtained in a similar manner from the dinitro-compound (IV) and from the dinitro-ketone (III), as well as 
from the tetranitro-compound (VIII) by the action of nitric acid (d 1-5). ap 

1: 1-Dichloro-2 : 2-di-(4-chloro-3 : 5-dinitrophenyl)ethylene (VIII).—(a) Tetranitro-DDT (VI) (1 g.), dissolved in 
nitrobenzene (5 c.c.) containing a small crystal of ferric chloride, was boiled gently for 5 minutes. The nitrobenzene was 
removed by steam distillation and the residue crystallised from dilute acetic acid in brownish yellow prisms, m. p. 247°. 
With alcoholic potash a purple colour was formed which changed to brown on heating (Found: N, 11-45. C,,H,O,Cl, 
requires N, 11-25%). (b) Tetranitro-DDT (1 g.), dissolved in acetone-absolute alcohol, was refluxed for 1 hour with 
potassium hydroxide (0-2 g.), the solvent evaporated and the residue, crystallised from dilute acetic acid, was identical 
with the product described above. 

Action of Chlorine and of Bromine on 1 : 1-Dichloro-2 : 2-diphenylethylene (IX).—(a) A solution of the compound (IX) 
(2 g.) in chloroform (20 c.c.) was heated under reflux for 3 hours while a steady stream of dry chlorine was passed through 
the solution. The gummy residue obtained after removal of the solvent solidified on stirring and crystallised from acetic 
acid in good yield as stout, colourless prisms, m. p. 87°; the product (X) possessed a characteristic odour of green maize, 
very similar to that of the compound (XII) (Found: Cl, 44-1. C,,H, Cl, requires Cl, 44.4%). That the product was the 
addition compound with chlorine and not compound (II), m. p. 88°, was shown by a mixed m. p. determination and by its 
teconversion into the compound (IX). .For this purpose the compound (X) (0-5 g.) in absolute alcohol (5 c.c.), was 
refluxed with zinc dust (0-5 g.) for 6 hours. After filtration and removal of the solvent, the residue crystallised from 
dilute alcohol in colourless prisms, m. p. 80°, unchanged by admixture with the compound (IX). Bilz (loc. cit.), in 
describing this reaction, referred to chlorination at the ordinary temperature for 30 nainutes, but did not state the weight 
of the compound (IX) used; he obtained a product having m. p. 85°. When the compound (IX) was thus chlorinated, 
almost all of it was recovered unchanged. 

(b) The compound (IX) (2 g.) was dissolved in bromine (10 c.c.); hydrogen bromide was freely evolved and 
the solution was exposed to the atmosphere. When the excess bromine had evaporated, the product was crystallised 
from alcohol and obtained in colourless plates, m. p. 122°, identical with I : 1-dichloro-2 : 2-di-(4-bromopheny])ethylene 


(XI), prepared by the action of alcoholic potash on 1 : 1 : 1-trichloro-2 : 2-di-(4-bromophenyl)ethane according to Zeidler 
(loc. cit.), who reported m. p. 120°. 
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211. Mesohydric Tautomerism. 
By Louis HunTER. 


Current work on the close connexion between tautomeric character and hydrogen-bond structure in a wide 
variety of compounds is reviewed, and provides the basis of a new classification of systems whose tautomerism 
depends upon “‘ mobile hydrogen.”” Those systems in which the alternative sites of attachment of the mobile 
hydrogen atom are oxygen, nitrogen, or sulphur (but not carbon), are now regarded as exhibiting ‘‘ mesohydric 
tautomerism’; compounds whose tautomeric character depends on the mobility of hydrogen attached to 
carbon, by virtue of its inability to form stable hydrogen bonds when thus combined, are excluded from this 
type of tautomerism. 2 

Dval character, which in true prototropy is due to a mixture of tautomers (or at least to a mesomeric ion 
common to both tautomers), is shown in the case of mesohydric tautomerism to be due to a homogeneous 
shbstance. Separate tautomers in the latter type do not therefore exist, and further cases of alleged isomerism 
are examined and shown to be unfounded. 


In a series of papers under the general title of ‘‘ The Associating Effect of the Hydrogen Atom ”’ * (Part I, J, 
1937, 1114; Part II, J., 1938, 375; Part III, J., 1938, 1034; Part IV, J., 1939, 484; Part V, J., 1940, 166: 
Part VI, J., 1940, 332; Part VII, J., 1941, 1; Part VIII, J., 1941, 777; Part IX, J., 1941, 820; Part X, J, 
1942, 420; Part XI, J., 1942, 638; Part XII, this vol., p. 617), tautomeric substances of widely different 
classes have been shown to exhibit molecular association attributable to a hydrogen-bond structure. Hitherto, 
all examples of tautomerism dependent on the location of a hydrogen atom at alternative sites within a molecule 
have been classed together under the name “ prototropy ”’ (Lowry, J., 1923, 123, 828), in recognition of the 
essentially ionic character of the tautomeric change as it occurs in the best-known examples of this type, e.g, 
keto-enols. The term prototropy implies the separate existence of ‘‘ tautomers,”’ which are structural isomers 
capable of interconversion by the transference of a proton frdm one position in the molecule to another. 

During the progress of the current investigation (locc. cit.) it soon became apparent, not only that there is 
a close parallel between tautomeric character and molecular association, but also that this parallel does not 
extend to cases of tautomerism depending on the mobility of the hydrogen atom of a CH group. Asa result 
of this, and at a time when only Parts I—VI had been published, the provisional suggestion was put forward 
(Hunter, Chem. and Ind., 1941, 60, 32) that the tautomeric character and the molecular association of the 
substances investigated are due to one and the same cause, viz., the intermolecular sharing of the hydrogen 
atom responsible for the tautomeric behaviour. If this is true, it follows that there is a fundamental distinction 
between the type of tautomerism exhibited in compounds where its operation involves the ionisation of a C-H 
link (true prototropy) and that exhibited in compounds where the tautomeric hydrogen atom is attached to 
some atom other than carbon. The name “ mesohydric tautomerism ”’ (idem, ibid.) was tentatively proposed 
for the latter type, which has now been augmented by such a wealth of new examples that it is desirable to 
review in detail the significance of this new aspect of tautomerism. 

H 


aS 

The Theory of Mesohydric Tautomerism.—Consider the general case of a tautomeric compound A~~~-B in 
which the tautomeric hydrogen atom is attached to two alternative atoms A or B, which can themselves be 
united either directly (as in diad systems) or through a chain (as in triad, tetrad, pentad systems). The 
tautomeric behaviour of this compound has been conventionally represented as an equilibrium [H]A~~~B = 
A~~~B[H], the shift of the hydrogen atom from A to B being accompanied by a redistribution of valencies 
along the chain A~~~B. 

The current investigation has shown that, provided neither A nor B is carbon, the above compound exhibits 
molecular association by the operation of intermolecular B-H-A bonds. The hydrogen bond having its 
origin in resonance (Sidgwick, Ann. Reports, 1933, 30, 112; 1934, 31, 40), such a compound will therefore 
consist of aggregates of molecules arranged as in (I), in which (a) and (b) represent unperturbed states of which 
the true state of the molecular aggregate is a resonance hybrid. On rise of temperature, or by solution ina 
solvent, such an aggregate will tend to break up into smaller fragments, but these will retain a fundamentally 


-*H—A~~-B--H—A~~~B--H—A-~~-B---H—A~~~B--H—A~~~B--H—A~~B-- 
—H-~-A~~~B—H---A-~~B—H---A~~~B—H--- A~~~B—H--A~~~B—H--A~~~ B— 
(I.) : 
similar (i.¢., hydrogen-bond) structure. Measurements of molecular weight indicate that these fragments are 
usually linear polymers, but there is evidence that in a few cases they exist predominantly as cyclic dimers, % 
in oximes, carboxylic acids, and pyrazoles (Part VII). Whether the fragments be linear or cyclic, however, 
their physical and chemical behaviour will be similar to that of the parent compound (I). 

The tautomeric behaviour of the compound under consideration is now seen to be due to the fact that the 
chemical and especially the physical properties of the hybrid (I) are intermediate between those expected of 
(a) and (6), with the result that it possesses the properties of both H—A~~~-B and A~~~B—H, although 
neither of these tautomers has a real existence. The compound (1) is therefore essentially homogeneous. ; 

It is proposed to describe an arrangement of molecules as in (I) by the term “‘ mesohydric structure, 
depending as it does on the intermolecular sharing of the tautomeric hydrogen atom, and the resulting tautom 


* Subsequently referred to by the number of the part in this series. 
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erism by the term “‘ mesohydric tautomerism.” These terms are used in recognition of the work of Oddo 
(Gazzetta, 1906, 36, ii, 1) who first used the term “ mesoidria ”’ to describe the attachment of hydrogen simultane- 
ously to two other atoms in accounting for the anomalous behaviour of certain o-hydroxyazo-compounds, and 
subsequently of other tautomeric systems. Oddo’s work was, incidentally, the earliest recognition of what 
has since come to be called the hydrogen bond, although many of his examples (see, inter alia, Oddo’s ‘‘ Trattato 
di Chimica Organica,”’ 1930, p. 41 e¢ seq.) are not in harmony with modern concepts of stereochemistry. 
Five- and six-membered chelate ring systems involving hydrogen as a member provide a special case of 
A A mesohydric structure in which, owing to the space disposition of the chain 
I\f\u FSF \w A~~~B, the tautomeric hydrogen atom is shared between A and B in the same 
5, @ 7B KA /B molecule, as in (II). Examples of this special type of mesohydric tautomerism 
WV NX? x are very humerous, and some are given under “ tefrad and pentad systems ” 


L (II.) (below). Unlike (I), such compounds are non-associated by virtue of the intra- 
molecular co-ordination of the hydrogen atom. . 

LJ In conclusion, it must be pointed out that the mesohydric structure proposed for substances exhibiting 

166: hydrogen-bond association as illustrated in (I) is to be regarded as ideally simplified, for such a rectilinear 

- 1’ MMarrangement takes no account of the exigencies of molecular and crystal architecture. Nevertheless, provided 

-rent (qpntermolecular bonding be through hydrogen, the precise arrangement of the molecules within the solid (or 

erto, liquid) is immaterial to the functioning of mesohydric tautomerism. 


Final proof of the correctness of the speculations given above must await determinations of structure by 
f the Mgpsuch unequivocal methods as X-ray diffraction. In this connexion it is noteworthy that Senti and Harker 
(J. Amer. Chem. Soc., 1940, 62, 2008), in a detailed X-ray examination of the crystal structure of acetamide, 
ont find the molecules to be arranged in a cellular structure consisting of interlocked rings each composed of six 
molecules linked by N-H-O bonds. This structure is closely similar to and completely in harmony with that 
ore is uateady suggested for amides (Part I) on the grounds of their tautomerism and molecular association. 
por Examples of Mesohydric Tautomerism.—The following tautomeric systems, previously regarded as showing 
esult gprototropy, are now attributed to mesohydric tautomerism. The evidence for their mesohydric structure is 
ward qgooutained in the references given in parentheses. There are many other tautomeric systems for which a 
f the @pmesohydric structure may be predicted, but which lack proof of such structure at present; these are not 
included in the following list. 
ction For convenience, examples are classified by Laar’s method (Ber., 1886, 19, 730) according to the number of 
-C-H (toms in the chain separating successive hydrogen bonds. 


ed to Diad systems. 





















. “ Pyrazoles, indazoles (:N-NH: cyclic) (Part VII). ~ 
Oximes (NOH) (e.g., Sidgwick, Ann. Reports, 1934, 31, 41). 
Triad systems. 
~B in Amides, anilides (-CO-NH-) (Parts I—IV). 
ves be Sulphonamides, sulphonanilides (-"SO,-NH-) (Part I). 
The Hydrazides (-CO-NH-NH_-) (Part VI). 
_ Diazoamino-compounds (-N:N-NH-) (Hunter, J., 1937, 320). 
encies Benztriazoles (-N:N-NH- cyclic) (Part X). 
Amidines, glyoxalines, benziminazoles, guanidimes (-N:CH-NH-) (Part VIII). 
chibits Thioamides, thioanilides, thiolbenzthiazoles (-CS-NH-) (Part XI). 
ng its Cyanamides (-NH-CN) (Part XII). 
srefore * Carboxylic acids (-CO-OH) (e.g., Sidgwick, ibid., 1933, 30, 115). 


which Tetwad systems. 
yn ina 


satally Hydroxytriazens [-N:N-N(OH)-] (Elkins and Hunter, J., 1938, 1346). 


(a) Pentad systems. 
(b) o-Hydroxyazo-compounds (idem, J., 1935, 1598). 
Arylazo-oximes (idem, J., 1941, 823). 
nts are Formazyl compounds (-N:N-CR:N-NH-) (Part IX). 


Thioacridone (Part XI). 

Enolised $-diketones and 8-keto-esters, etc. 

Phenols and arylacylamido-compounds possessing o-substituent donor groups such as nitro-, aldehydo-, 
hat the keto-, carboxy-, arylazo-, etc. (Parts II, III, and IV). 


cted of 


1ers, aS 
ywever, 


[Note-—The outstandingly high conductances of the hydrogen and the hydroxyl ions in aqueous and hydr- 


though lic media are usually attributed to a mechanism (see, e.g., Huggins, J. Amer. Chem. Soc., 1931, 583, 3190) 

,, fg lving the union of the ion to a chain of solvent molecules linked through hydrogen bonds. Asa consequence 
aa the mesomeric character oi the resulting ion—solvent complex, an ion can become detached from either end 
auton 


"the chain, according to the direction of the electrical field; this results in a transmission of ionic charge at 
Tate far exceeding that at which an individual ion could travel. The mesohydric structure of such ion-solvent 
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complexes bears a close resemblance to (I), and the whole process of ion transport by this mechanism can }y 
regarded as a mesohydric tautomeric phenomenon. ] 

Relation of Mesohydric Tautomerism to Prototropy.—There is nothing in the theory of mesohydric tautomer. 
ism at variance with or excluding the possibility of prototropy. Indeed, the reactions of the hybrid (]j 
especially those carried out in basic or acidic media, must be largely the result of a process closely akin 
prototropy; for there can be little doubt that by the action of bases or acids the hybrid (I) will be depolymerise 
with formation of mesomeric ions thus : 


8 


® os 
(I) — »H —> n(A~~B) {[” = number of unit molecules composing the polymer (I). If less thany 
, protons are removed from or added to (I), only partial depolymerisation wif 
® ensue. ] 


® a— 
(I) + nH —>» n(H-A~~~B-H) 


Not only will the formation of these ions provide an adequate explanation of the formation of derivatives 


(I) related in structure to the so-called tautomers H-A~~~~B and A~~~-B-H, but the reversal of the aboy 
8 


—_ 
reactions by restoration of a proton to the mesomeric anion A ~B, or by withdrawal of a proton from th 
oe. 

mesomeric cation H-~A~~~-B-H will yield, not the separate tautomers themselves, but the homogeneo 
mesohydric structure (I). F 

An essential difference clearly exists, therefore, between tautomeric substances possessing a mesohydri 
structure (see list, p. 807) and all other types. In the former, attempts to separate tautomers, or to generaty 
a tautomeric compound in circumstances which would be expected to lead to a single tautomer, will be frustrated 
by its assumption of a mesohydric structure; the result will inevitably be a single homogeneous substano 
such as the hybrid (I). . On the other hand, where a mesohydric structure is impossible, as in tautomeric com- 


pounds A~~~B where A and/or B are carbon (owing to the inability of hydrogen attached to carbon to fom 
a stablé hydrogen bond), and in all compounds showing anionotropy, the preparation of single tautomers o 
their separation from admixture can be confidently anticipated, depending only on sufficiently sensitive manipu 
lative methods being available to overcome the more or less rapid interchange of the separate tautomers. The 
isolation of individual tautomers of this kind has, of course, been achieved in a great number of well-know 
instances, including the systems keto-enol, three-carbon, azomethine, nitro-paraffin, and numerous aniono- 
tropic systems. It is no accident that these are the very systems in which ionotropy has been demonstrated. 

Alleged Isomerism in Compounds Exhibiting Mesohydric Tautomerism.—It has already been emphasised that, 
whereas true prototropy depends upon the existence of individual tautomers capable of interconversign, 
mesohydric tautomerism results in a manifestation of dual character by a compound essentially homogeneous. 
It is therefore vital to the theory of mesohydric tautomerism to investigate all cases of alleged isomerism if 
pairs of compounds within the types listed on p. 807. Many such pairs have been examined in the course of 
the current investigation (notably in Part IX) and their isomeric nature shown to be unfounded. Two furthe 
pairs are now considered. 

(1) 2-Phenyl-8-naphthiminazole. (The interdependence of hydrogen-bond structure and tautomerism ig 
derivatives of iminazole is fully discussed in Part VIII.) 

This compound was first prepared by Hiibner and Ebell (Amnalen, 1881, 208, 328) by reduction of 2-nitro-! 
benznaphthalide (III), and subsequently by various alternative methods (Koll, ibid., 1891, 268, 314; Fischer 
Reindl, and Fezer, Ber., 1901, 34, 935; Hinsberg and Koller, ibid., 1896, 29; 1500; Meldola and Forster, J. 
1891, 59, 703; Fischer, J. pr. Chem., 1924, 107, 46), all of which yield identical products (m. p.’s between 2Il 
and 218°). In 1933 Galimberti (Gazzetta, 68, 96) claimed to have isolated an isomer of widely different m. P 
(296°), obtained by reduction of 1-nitro-2-benznaphthalide (V1), and on the basis of which he proposed structure 


N==C:Ph 


NH-COPh ae ey [ NO, 
NO, Cas Or tH 40 raga 


(III.) (IV; m. p. 218°.) (V; alleged m. p. 296°.) (VI.) 


(IV) and (V) for the alleged isomers. Galimberti’s preparation has now been carefully repeated, revealing tha 
the higher-melting substance is without doubt 2-phenyl-8-naphthiminazole hydrochloride, from which the fre 
base (m. p. 218°) can be liberated by the action of alkali. | 
The identity of structures (IV) and (V) finally disposes of the objection raised by Green and Day (J. Amé 
Chem. Soc., 1942, 64, 1170, footnote) to the mesohydric interpretation of the tautomerism of the iminazoles 
and strongly suggests that their efforts to “ immobilize ”’ the iminazole ring will prove fruitless.* 
(2) Acridone. Acridone (VII) has all the characteristics of a highly associated substance. It is sparing! 


* Note, added in proof. In a recently available publication (J. Amer. Chem.» Soc., 1945, 67, 1074), Kelly and ~ 
confirm the non-existence of an isomeric 2-phenyl-f-naphthiminazole, though they do not identify Galimberti s product. 
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soluble in organic solvents, its m. p. is extremely high (354°), and it distils unchanged above this temperature. 


That its association is probably the result of a hydrogen-bond (N-H-O) structure is supported by the remark- 
ably large reduction in m. p. brought about by replacing either its imino-hydrogen atom (e.g., N-methylacridone, 


(Y CO. H, Bs : : (OH) CO peu 
\ A sH/ a : sis ‘ y 2 i (ik ¢ oe ¢ 
| (X.) ° XI.) 






(VII.) 7 (VIII.) (IX.) ( 


m. p. 203°; N-ethylacridone, m. p. 159°; N-phenylacridone, m. p. 276°) or its oxygen atom as in acridane 
(VIII; m. p., 168°). The tautomeric behaviour of acridone would therefore appear to be adequately explained 
by assigning it a mesohydric structure, especially as its sulphur analogue, thioacridone (IX), has been shown to 
possess a Similar structure (Part XI). 

It is therefore with considerable reserve that the substance known as “ acridol’’ should be accepted as a 
tautomeric form of.acridone (X), the structure assigned to it in Heilbron’s “‘ Dictionary of Organic Compounds ”’ 
(Vol. I, p. 20) and, as one possibility, in Beilstein’s Handbuch (4th Edn., Vol. XXI, pp. 132, 335). That this 
formulation of acridol has raised doubts in the past is evident from the number of publications devoted to its 
structure (Beilstein, op. cit.); indeed, other equally plausible constitutions have been suggested for it (e.g., 
Heller, Ber., 1916, 49, 2758; Lehmstedt, Ber., 1935, 68, 1455), the balance of evidence being strongly in favour 
of the amine-oxide structure (XI) (Tanasescu and Ramontianu, Bull. Soc. chim., 1934, 1, 547). Finally, the 
usual ease of interconversion of true tautomers is not exhibited in the case of acridone and acridol; the latter 
is prepared indirectly (Freund, Monatsh., 1896, 17, 396; Drechsler, ibid., 1914, 35, 534; Kliegl and Fehrle, 
Ber., 1914, 47, 1635), and is converted into the former only by processes which are well known to cause isomeric 
change, e.g., by the action of nitrous acid (Drechsler, Joc. cit.) or acetic anhydride (Kliegl and Fehrle, loc. cit.). 
Such evidence cannot be used in support of structure (X), for other substances (notably 3-phenylanthranil) 
behave similarly. 



















EXPERIMENTAL. 


Reduction of 1-Nitro-2-benznaphthalide (VI).—This substance, though a new compound * and the starting point of 
Galimberti’s preparation (loc. cit.), was neither analysed nor described by him. It has now been prepared by nitrating 
8-benznaphthalide in glacial acetic acid solution with somewhat more than the theoretical quantity of nitric acid (d 1-52). 
The nitro-compound separated after a short time, and crystallised from acetic acid in small straw-coloured needles, m. p. 
170° (Found: N, 9-5. (C,,H,,0,N, requires N, 9-6%). Reduction to the naphthiminazole was effected by zinc dust 
and hydrochloric acid exactly according to Galimberti’s procedure. The product crystallised from aqueous alcohol as 
a white microcrystalline powder, m. p. 310° (Galimberti, 296°), which proved to be 2-phenyl-B-naphthiminazole hydro- 
chloride (Found: Cl, 12-4. C,,H,,N,,HCl requires Cl, 12-65%). The free base was precipitated from an alcoholic 
suspension of the hydrochloride by addition of ammonium hydroxide, and crystallised from aqueous alcohol in the 
hydrated form, m. p. 122° (Fischer, Joc. cit., gives 120—122°), and from benzene in the anhydrous form as white needles, 
m. p. 218° (Found: N, 11-5. Calc. for C,,H,,.N,: N, 11-5%). No depression of m. p. was caused by admixture with 
an authentic specimen of 2-phenyl-B-naphthiminazole prepared by reduction of 2-nitro-1-benznaphthalide. 















_ For contributing the evidence on which the theory of mesohydric tautomerism is based, the author desires to record 
his grateful thanks to the following co-workers: Drs. H. O. Chaplin, M. Elkins, J. A. Marriott, and Messrs. H. T. Hayes, 
T.G. Heafield, G. Hopkins, H. A. Rees, and C. B. Roberts. His thanksare also due to Mr. J.S. Whitehurst for repeating 
the work of Galimberti. 
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° By ARTHUR J. BrRcH. 







The reduction of a number of substituted vinyl carbinols by means of sodium and alcohol in liquid 
ammonia has been investigated. The following transformations were observed with compounds in which 
the vinyl double bond is aliphatic: sabinol (III) —> a-thujene (IV); 1-vinylcyclohexanol (VI) —- ethyl- 
idenecyclohexane (VII); 3-hydroxy-1-phenyl-A!-butene (X, R = H) —> I-phenyl-A*-butene (XI; R, R’ = H) 
and a trace of 3-hydroxy-l-phenylbutane (XII, R =H); 3-hydroxy-1l-phenyl-3-methyl-A'-butene (X, 
R = CH,) —> 1-phenyl-3-methyl-A*-butene (XI; R = H; R’ = CH,) and 2-hydrexy-4-phenyl-2-methylbutane 
(XII, R= CH,). 4-Hydroxy-A*-octene (IX) was mainly unchanged but gave a trace of A*- or A*-octene; 
and carveol (V) and 1-A}-heptenylcyclohexanol (VIII) were not reduced. The products obtained with 
compounds where the double bond forms part of an aromatic system are tabulated. 


x All of these results are consistent with the hypothesis that a mesomeric anion is formed in the transition 
State. 










In Part I (J., 1944, 430) the view was expressed that the hydrogenolysis by means of sodium and alcohol 
in liquid ammonia of vinyl carbinols such as geraniol (I, R = OH) takes place by way of the anion such as 
(II) because of the frequent rearrangement of the double bond in the process. The structural requirements 






N * The details given by Heilbron (op. cit., Vol. III, p. 210, last line) are erroneous, and presumably refer to its 
“f-naphthyl derivative (Ris, Ber., 1887, 20, 2625). 
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for hydrogenolysis, and the relation between structure and the position of the double bond in the products, 
have now been investigated. : 


no 
CMe,:CH-CH,°CH,-CMe:CH-CH,R CMe,{CH-CH,CH,-CMe==CH=CH, 
(I.) (II.) 


CH, HO, CH=CH, CHMe HO, CHiCH-C;H,, 


om \" 7\ou @ CO 
ee 


€2 
) 


(VI.) (VII.) (VIII.) 


(III. (IV.) 


CHMe:CH-CH(OH)-C,H, CHPh:CH-CR(OH)-CH, CHPhR-CH:CR’-CH, 
(IX.) (X.) (XI.) 


CH,Ph-CH,-CR(OH)-CH, ihe y - 
(XII.) o ‘ 
\ 4 
CMe,:CH-CH,*CH,*CMe(OH)-CH:CH, oe H,C ‘cH, 
(XV.) (XIII.) (XIV.) 


. In the following table the reductions were carried out as nearly as possible under the same conditions, 
Since all the carbinols are readily soluble in liquid ammonia, the relative yields of hydrogenolysis product 
give a rough indication of the relative ease of reduction. In the case of furfuryl alcohol the 2-methylfuran 
is so volatile in boiling ammonia that the method had to be modified, but the amount of unchanged material was 
the same with the original or the modified process. 


Compound reduced. Product. 


Benzyl alcohol Toluene (unchanged negligible). 
Phenylmethylcarbinol Ethylbenzene (unchanged negligible). 
Phenyldimethylcarbinol isoPropylbenzene (unchanged negligible). 
Phenylbutylcarbinol n-Amylbenzene (unchanged negligible). 
p-Methoxyphenylcarbinol -Tolyl methyl ether (29%). 
ihydro-p-tolyl methyl ether (7%). 

Unhydrogenolysed (containing some nuclear hydrogenated product) (59%). 
Furfuryl alcohol 2-Methylfuran (20%), unchanged (38%). 
Furfurylbutylcarbinol 2-Amylfuran (3-5%), unchanged (82%). 


The reduction of d-sabinol (III) to d-thujyl alcohol (XIII, R = OH) by means of sodium and amyl 
alcohol (Semmler, Ber., 1900, 38, 1461) may at first appear to be a direct reduction of the double bond made 
possible by conjugation with the cyclopropane ring. However, it seems probable, from the fact observed 
by Schmidt (Ber., 1929, 62, 103) that sabinol is readily isomerised by alkaline reagents to thujone (XIII, 
R = :O), that formation of the latter precedes reduction. No thujyl alcohol was produced by reaction with 
sodium and alcohol in liquid ammonia, the product being /-«-thujene, recognised by oxidation to d-a-thuja- 
ketonic acid. It gives a crystalline nitrolpiperidine which may be useful for identification in essential oils. 

Since the triple bond is readily reduced to a double bond by sodium in liquid ammonia, the carbinols 
(VI) and (VIII) were prepared from the corresponding acetylenes by this reagent (cf. Campbell and Eby, 
J. Amer. Chem. Soc., 1941, 68, 2683). The hydrocarbon formed by further reduction of (VI) was shown to 
be ethylidenecyclohexane (VII) since it gave in good yield a characteristic nitrosochloride, convertible into 
derivatives of acetylcyclohexene. Examination of its infra-red absorption spectrum by Dr. H. W. Thompson 
and Mr. Torkington (Oxford) showed the bands expected for this type of double bond and indicated that 
the alternative vinylcyclohexane could not be present to any appreciable extent. 

d-Carveol was not reduced, and distillation of both the treated and the untreated substance with a trace 
of iodine gave water and a hydrocarbon (XIV) characterised by its crystalline maleic anhydride adduct. 

Reduction of the benzenoid compounds may be complicated by the addition of hydrogen atoms to the 
ring (Part I, Joc. cit.), but this was negligible except in the case of p-methoxyphenylcarbinol, where hydrogen- 
olysis was difficult. It is noteworthy that none of the furan derivatives showed any appreciable reduction of 
the ring, probably because of the unshared electrons on the oxygen atom. With (X, R = H) and (%, 
R = CH,) there is some reduction of the vinyl double bond made possible by conjugation with the aromatic 
ring. 

On the assumption that the anion forms part of the transition state, its ease of formation, which must 
be greater the greater the stability of the negative charge in the mesomeric system, probably decides whether 
or not hydrogenolysis can occur. From the known electrical effects of the groups and from the relative 
basicities of carbanions (cf. Morton, Chem. Reviews, 1944, 35, 8) it is clear that the stability of a negative 
charge is greater the lower the degree of alkylation and the higher the degree of arylation of the carbon atom 
on which it resides. From the results now obtained and those of Chablay (Ann. Chim., 1917, 8, 192) it can 
be seen that the only purely aliphatic alcohols which are readily reduced contain a CH, in the allylic system 





. 
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(sabinol, 1-vinyleyclohexanol, geraniol, and linalol). The assisting effect of a phenyl group (which can 
stabilise an adjacent charge) is seen by comparing carveol (V), 1-A-heptenylcyclohexanol (VIII), and 
4-hydroxy-A*-octene (IX) with 3-hydroxy-l-phenyl-A’-butene (X, R =H), 3-hydroxy-1-phenyl-3-methyl- 
At-butene (X, R = CH,) and 1-hydroxy-1-phenyl-A*-butene (XI, R = OH, R’ = H). Since the ion in the 
transition state is mesomeric, it does not matter to a first approximation whether the hydroxyl group is 
directly attached to the CH, or CPh or not; ¢.g., geraniol (I, R = OH) and linalol (XV) give the same hydro- 
carbon (I, R = H) (Chablay, loc. cit.; Dupont, Dulou, and Desreux, Bull. Soc. chim., 1939, 6, 83) by way 
of the same ion (II), and (X, R = H) and (XI; R = OH, R’ = H) give the same hydrocarbon (XI; R, 
R’ = H). 

Similarly, hydrogenolysis of the arylcarbinols can be assumed to depend on the ability of the aryl group 
to stabilise the adjacent negative charge in the transition state. This effect must be large with a benzene 
ring, since substitution of two methyl groups (phenyldimethylcarbinol) or a butyl group (phenylbutyl- 
carbinol) in the carbinol is not sufficient to cause a significant drop in hydrogenolysis. However, the presence 
of an oxygen atom with unshared electrons (p-methoxyphenylcarbinol and furfuryl alcohol) does so, and 
when added to the effect of an alkyl group (furfurylbutylcarbinol) the drop is marked. Klages (Ber., 1906, 
39, 2589), using the less powerful reagent sodium and alcohol, was able to reduce benzyl alcohol but not 
phenyldimethylcarbinol, and a competitive reduction of these substances in liquid ammonia also demon- 
strated the relative ease of reduction of the former. The same effect of alkylation can be seen by comparing 
(X, R = H) with (X, R = CH,), where hydrogenolysis is in competition with reduction of the double bond. 
The latter reaction should be little affected by the extra methyl group in (X, R = CH,) so the lower pro- 
portion of hydrogenolysis in this case must be traced to the effect of this group on the stability of the 
intermediate anion. ; 

The constitutions of the hydrocarbons obtained show that the mesomeric anions react with a proton 
donor at the end where the charge is most stable. The full significance of this will be discussed in a later 
communication, but the result, in conjunction with the observation of Ziegler and Wollschitt (Annalen, 1930, 
479, 131) that addition of sodium to compounds like anthracene is readily reversible, makes possible an 
explanation of the réle of a proton donor in the reduction of the benzene ring (Part I) other than assumption 
of the intervention of atomic hydrogen. This is to assume that in a solution of a metal and an aromatic 
compound in liquid ammonia the following equilibrium is present but is far to the left unless there is present 
in the molecule some group such as carboxyl (e.g., benzoic acid) or another benzene ring (e.g., naphthalene 
or diphenyl) which is capable of stabilising the charges to some extent, thereby lowering the energy of 
formation of the anion. However, if a ready proton donor such as alcohol be present which reacts with such 
anions in a transition state at a rate comparable to its reaction with the metal electrons to give hydrogen, 
significant reduction should occur. It may be noted’ that the reaction of sodium with alcohol in liquid 
ammonia occurs at quite a moderate speed. 


ee Hy, VH 
~~ (ER ORY 4 
(Yar ex Cy) fmm 0) 
\/ J 

H : yy SE) 


On this theory the points of addition of the two hydrogen atoms should correspond to the positions of 
maximum stability of the charges, since the system is a doubled allylic ion of the type considered above. 
The charges would tend to separate, thus giving «8-reduction, and also tend to avoid alkyl groups and groups 
such as methoxyl having unshared electrons, thus leading to the rule already found from experiment (Part I). 
It seems significant also that the presence of a hetero-atom such as oxygen whose electrons contribute to the 
aromatic resonance should tend to prevent reduction of the ring. 


' ‘ 
EXPERIMENTAL. 
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A1:5:8®)_»-menthatriene since it gave a maleic anhydride adduct in acetone solution as colourless laths (from aqueoy 
alcohol), m. p. 84—87° (Found : C, 72:1; H, 66. C,,H,,O, requires C, 72-4; H, 6-8%). 

1-Vinylcyclohexanol.—To ethynylcyclohexanol (34 g.) (prepared by treatment of cyclohexanone with sodium 
acetylide in liquid ammonia) and ethyl alcohol (28 g.) in liquid ammonia (300 c.c.) was slowly added sodium (14 g,) in 
small pieces with stirring. Most of the ammonia was evaporated, water (150 c.c.) cautiously added, and the product 
extracted with ether and distilled. Some lower-boiling product was discarded and 1-vinylcyclohexanol obtained as 
colourless oil with a pleasant camphor-like odour, b. p. 75°/15 mm. (24 g.) (Found: C, 75-9; H, 11:3. Calc. for 
C,H,,0: C, 76-2; H, 111%). It gave no precipitate with ammoniacal cuprous chloride or silver nitrate, indicating 
the absence of unchanged acetylene. 

Ethylidenecyclohexane.—A solution of the above carbinol (24 g.) and ethyl alcohol (10 g.) in ether (50 c.c.) was 
added dropwise to a solution of sodium (10 g.) in liquid ammonia (250 c.c.) with stirring. A further 10 g. of ethy| 
alcohol was then added. Cautious addition of water (250 c.c.), ether extraction, and distillation through a column 
gave a fraction, b. p. 134—140°. Redistilled over sodium, it had b. p. 135—136° (10-5 g.), ni’ 1-4622 (Found: C, 86:9: 
H, 13-0. Calc. for C,H,,: C, 87:°3; H, 12-7%). It gave a colourless nitrosochloride, m. p. 131—132° (from benzene, 
and a nitrolpiperidine, m. p. 107—-108° (colourless prisms from alcohol) (Found: C, 69-5; H, 10-5. Calc. for 
C,;3H,ON,: C, 69-6; H, 10-6%). Godchot and Cauquil (Compt. rend., 1928, 186, 377) give for ethylidenecyclohexane 
b. p. 135—136°, nj? 1-4577, nitrosochloride, m. p. 130°, and nitrolpiperidine, m. p. 108—109°; Wallach and Evans 
(Annalen, 1908, , 45) give b. p. 137—138°, ni€ 1-4631, and nitrolpiperidine, m. p. 116—117°. Owing to the 
discrepancy in the last m. p. the constitution was further proved as follows. The nitrosochloride (2 g.) was heated o 
the steam-bath with pyridine (3 c.c.) and after the vigorous reaction the mixture was added to dilute hydrochloric acid 
and extracted with ether. The oil so obtained was heated on the steam-bath with a solution of 2 : 4-dinitrophenyl. 
hydrazine in alcoholic sulphuric acid, and the product recrystallised from benzene-alcohol as bright red elongated 
prisms, m. p. 203°, undepressed by an authentic specimen of l-acetyl-A!-cyclohexene 2 : 4-dinitrophenylhydrazone. 

Ethylidenecyclohexane was also produced in one step from 1-ethynylcyclohexanol by reduction as above, using 
sodium (4-4 equivs.) and alcohol (4:4 equivs.) in ammonia. 

1-A!-Heptynylcyclohexanol.—To the Grignard solution from magnesium (4 g.) and ethyl iodide (30 g.) was added 
heptyn-1 (12 g.) and after refluxing for 2} hours the solution was cooled in ice and cyclohexanone (17 g.) added. 
Worked up in the usual manner, the product was a colourless, rather viscous oil with a pleasant odour (14 g.), b. p, 
133—134°/11 mm. (Found: C, 80-1; H, 11-1. C,,;H,,O requires C, 80-4; H, 11-3%). 

1-A1-Heptenylcyclohexanol.—A solution of the above compound (14 g.) and alcohol (15 g.) in ether (30 c.c.) wa 
added dropwise to a solution of sodium (6 g.) in ammonia (150 c.c.). Worked up as usual,the product (12 g.) had 
b. p. 131°/11 mm., so no appreciable hydrogenolysis had occurred. This was confirmed by repeating the process using 
sodium (10 g.), alcohol (20 g.), and liquid ammonia (250 c.c.). The product (10 g.), b. p. 130°/11 mm., was a colourless, 
rather viscous oil with a rose odour (Found: C, 79-8; H, 12-1. C,,H,,O requires C, 79-6; H, 12-25%). 

4-Hydroxy-A*-octene.—This carbinol (12 g.) (Leven and Haller, J. Biol. Chem., 1929, 88, 583) and alcohol (10 g) 
were dissolved in ammonia (150 c.c.), and sodium (5 g.) added in small pieces with stirring during 30 minutes. Worked 
up as usual, the product was distilled at 20 mm., with the receiver cooled in a freezing mixture. The fraction, b.p 
<60°, was redistilled over sodium; b. p. 122—124°/755 mm., n}§ 1:4150 (0-8 g.) (Found: C, 85-4; H, 14-5. Cale. for 
C,H,,: C, 85:7; H, 143%). It was therefore A*- or A*-octene, or a mixture of the two. The higher-boiling fraction 
(b. p. 80°/12 mm.) (8 g.) was starting material (Found: C, 74:8; H, 12-6. Calc. for C,H,,0: C, 75-0; H, 12-5%). 

Reduction of 3-Hydroxy-1-phenyl-A'-butene.—This carbinol (14 g.) (Klages, Ber., 1902, 35, 2649) and ethy! alcohd 
(10 g.) were dissolved in liquid ammonia (250 c.c.), and sodium (5 g.) added in small pieces during 30 minutes with 
stirring. Worked up as usual, two fractions were obtained: (i) b. p. 77°/12 mm.; (ii) b. p. 120—124°/10 mm. 
Fraction (i) was redistilled over sodium and obtained as a colourless oil (8 g.), b. p. 183—184°, nf 1-5102 (Found: ¢, 
90-6; H, 93. Calc. for C,,H,,: C, 90-9; H, 9-1%). It gave a liquid dibromide, and was not reduced by sodium i 
liquid ammonia, and was therefore 1-phenyl-A?-butene (cf. Klages, Ber., 1906, 39, 2591). Fraction (ii) was shaken 
with powdered potassium permanganate in acetone to remove starting material and redistilled; b. p. 123°/10 mm 
(0-9 g.) (Found: C, 79-8; H, 9-2. Calc. for C,H,,0: C, 80-0; H, 93%). It gave a phenylurethane, 
m. p. 115° (needles from alcohol). Klages (Ber., 1904, 37, 2313) gives m. p. 113° for the phenylurethane of 3-hydroxy- 
1-phenylbutane. 

Reduction of 3-Hydroxy-1-phenyl-3-methyl-A'-butene.—This carbinol (23-5 g.) (Kohler and Heritage, Amer. Chem. J, 
1905, 38, 28) was reduced as above, using sodium (7:5 g.), alcohol (15 g.), and ammonia (350 c.c:). The product gave 
two fractions: (i) b. p. 95°/18 mm. (9-7 g.) and (ii) b. p. 125—128°/13 mm. (9 g.). Fraction (i) was redistilled ovet 
sodium, b. p. 202—204°, nj” 1-5158 (Found: C, 89-9; H, 9-9. Calc. for C,,H,,: C, 90-3; H, 96%). It gavea 
colourless dibromide (plates from alcohol), m. p. 62—63° (Found: C, 43-3; H, 4-7. Calc. for C,,H,,Br,: ©, 437; 
H, 48%), and a nitrosochloride (flat colourless needles from benzene), m. p. 154°. Klages (Ber., 1904, 37, 2315) give 
m. p. 66° for the dibromide and 146—147° for the nitrosochloride of 1-phenyl-3-methyl-A*-butene. Claisen (J. 
Chem., gives m. p. 63—65° for the dibromide. However, there is no doubt that (i) was this butene, since it wa 
not reduced by sodium in liquid ammonia, and the dibromide of the alternative 1-phenyl-3-methyl-A!-butene has 
m. p. 128° (Klages, Ber., 1904, 87, 2316). ; 

Fraction (ii) was shaken with powdered potassium permanganate in acetone and redistilled. A colourless, rathe 
viscous oil with a pleasant rose odour was obtained, b. p. 125—126°/15 mm. (Found: C, 80-4; H, 9-6. Cale. for 
C,,H,,O: C, 80-4; H, 9-75%). It gave a phenylurethane, m. p. 138—139° (Found: C, 76-25; H, 7:4. Calc. for 
C,sH,jO,N : C, 76:3; H, 7-4%). Klages (loc. cit.) gives m. p. 144° for the phenylurethane of 3-hydroxy-1-phenyl+ 
methylbutane. 

Reduction of 1-Hydroxy-1-phenyl-A*-butene.—This substance (14 g.) (Burton, J., 1929; 456) was reduced as abovt 
by using sodium (5 g.) and alcohol (10 g.) in ammonia (250 c.c.). The product was a colourless oil, b. p. 183—18, 
ny 1-5108 (Found: C, 90-7; H, 9-2. Calc. for CyH,,: C, 90-9; H, 9-1%). Since it was not further reduced by 
sodium in liquid ammonia, and took up 1-12 mols. of bromine in acetic acid to give an oily dibromide, it must be 
1-pheny]l-A*-butene. 

Reduction of the Compounds in the Table.—The benzyl alcohol, anisyl alcohol, and furfuryl alcohol were from stock, 
the others were prepared in the standard manner by the action of the appropriate Grignard reagent on the requis! 
aldehyde or ketone. 

The carbinol (0-2 mol.) and ethyl alcohol (0-44 mol.) were dissolved in ammonia (about 30 times the volume of th 
alcohol), and sodium (0-44 mol.) added in small pieces with stirring during 45 minutes. After all the sodium had & 
appeared most of the ammonia was evaporated, and the residue cautiously decomposed by the addition of crushed 
ice. The product was extracted with ether and fractionated through a column. 

Benzyl alcohol. Carbinol (22 g.) gave 14 g. of product, b. p. 109—111°, and 1-4 g., b. p. 190—205°. The forme 


apap was redistilled over sodium (13-5 g.); b. p. 109—110°, ml?” 1-4998. Nitration gave 2 : 4-dinitrotoluené, 
m. p. 71°. 





(10 g) 
W orked 
n, b. p. 
“alc. for 
fraction 


rotoluené, 


(1945) The Application of the. Method of Molecular Rotation, etc. Part I. 813 


Phenylmethylcarbinol. Carbinol (24-2 g.) gave 15-8 g., b. p. 134—135°, and 1-3 g. of residue. The former fraction 
was redistilled over sodium; b. p. 134—135°, n}¥" 1-4972 (Found: C, 90-3; H, 9-5. Calc. for CsH,,: C, 90-6; H, 
4%). 
4D). ayldimethylearbinol. Carbinol (27 g:) gave 18-1 g., b. p. 149—150°, and residue (0-72 g.). Redistilled over ° 
sodium, the former had b. p. 149—150°, nj, 1-4944 (Found: C, 89-5; H, 9-8. Calc. for C,H,,: C, 90-0; H, 10-0%). 

Phenylbutylcarbinol. Carbinol (33 g.) gave 24 g., b. p. 87—90°/15 mm., and 2-1 g. of residue. Redistilled over 
sodium, the former had b. p. 199—201°, n}®° 1-4913. m-Amylbenzene has b. p. 200—201°, n?®° 1-4943. 

Anisyl alcohol. Carbinol (28 g.) gave: (i) b. p. 75—78°/15 mm. (9-0 g.), and (ii), b. p. 143—146°/12 mm. 
(5-1 g.). Fraction (i) was refluxed with 10% aqueous sulphuric acid for 45 minutes, and the product extracted 
with ether and heated with excess of aqueous-alcoholic semicarbazide acetate on the steam-bath. The solution 
was diluted with water, and light petroleum (b. p. 40—60°) added. The solid semicarbazone was filtered off, 
nd recrystallised from alcohol as colourless needles (2-4 g.), m. p. 188—189°, undepressed by a sample of the semi- 
arbazone prepared from the reduction product of p-tolyl methyl ether (Part I). This corresponds to a 7% yield of 
dihydro-p-tolyl methyl ether. The petroleum solution was distilled, giving p-tolyl methyl ether (7-5 g.), b. p. 175—177°. 
Fraction (ii) gave a p-nitrobenzoate, m. p. 83—86°, undepressed by an authentic specimen of anisyl p-nitrobenzoate, 
im. p. 92—93° (pale yellow needles from alcohol) (Found: N, 5-1. C,;H,;0;N requires N, 49%). A specimen of the 
fraction which had been left in air for a week gave a p-nitrobenzoate, m. p. 91—92°, and it seems very probable that 
it contains mostly starting material with a trace of nuclear hydrogenated product. 

Furfuryl alcohol. Reduced as above; 42% of unchanged material was recovered; p-mitrobenzoate, m. p. 75° 
(Found: N, 6-1. C,,H,O,N requires N, 5:8%). No lower-boiling material could be recovered, so the method was 
modified as follows. A mixture of furfuryl alcohol (17 g.) and ethyl alcohol (8 g.) was dropped into a solution of 
sodium (8 g.) in ammonia (200 c.c.), the evaporating ammonia being led through two wash-bottles each containing 
etralin (100 c.c.). Finally, a further 4 g. of ethyl alcohol was added and all the ammonia evaporated through the 
etralin, with final warming on the steam-bath. The tetralin was distilled from sodium wire, the fraction, b. p. < 100°, 
being collected, and this was again distilled over sodium. The product was a colourless oil, b. p. 63—65° (2-9 g.), 
my 1-4362 (Found: C, 73-0; H, 7-0. Calc. for C,H,O: C, 73-2; H, 7-3%). 2-Methylfuran has b. p. 65°, mp 1-4344. 

Furfurylbutylcarbinol. The carbinol was obtained in 72% yield by the action of butylmagnesium bromide on 
furfuraldehyde in the standard manner; b. p. 105°/15 mm. (Found: C, 70-4; H, 93. C,H,,O, requires C, 70-1; 

, 91%). This substance (19 g.) gave on reduction (i), b. p. ca. 60°/15 mm., and (ii), b. p. 105°/16 mm. (15-5 g.). 
Fraction (ii) consisted of unchanged material (Found: C, 70-1; H, 9-2%). Fraction (i) was redistilled over sodium 
and obtained as a colourless oil, b. p. 162° (0-6 g.) (Found: C, 78:1; H, 10-1. C,H,,O requires C, 78-2; H, 10-1%). 
It was therefore 2-amylfuran. 

Competitive Reduction of Benzyl Alcohol and Phenyldimethylcarbinol.—Benzyl alcohol (9-5 g.) and phenyldimethyl- 
arbinol (11 g.) were added to a solution of ethyl alcohol (8 g.) in ammonia (200 c.c.), followed by sodium (4-0 g.) in 
small pieces during 30 minutes, with stirring. The product was worked up as usual and gave the fractions: (i), b. p. 
110—113° (4-0 g.); (ii), b. p. 113—145° (0-3 g.); and (iii), b. p. 145—150° (0-4 g.), with residue (11 g.). Fraction (i) 
was redistilled over sodium and found to be toluene, b. p. 110°, m}¥" 1-5002, 2 : 4-dinitro-derivative, m. p. 71°. Fraction 
iii) was redistilled over sodium, b. p. 145—150° (0-3 g.), m}¥" 1-4980, and is probably impure isopropylbenzene. 


The author wishes to thank Imperial Chemical Industries Ltd., Dyestuffs Division, for financial assistance. 
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13. The Application of the Method of Molecular Rotation Differences to Steroids. 
Part I. Naturally Occurring Sterols and their Simple Derivatives. 


By D. H. R. Barton. 


The data available in the literature on the optical rotatory powers of naturally occurring sterols and their 
simple derivatives have been correlated by the Method of Molecular Rotation Differences (Barton and Jones, 
J., 1944, 659). Fully hydrogenated sterols (stanols) and sterols containing nuclear unsaturation (stenols) are 
readily differentiated and characterised. The conclusion of Bernstein, Wilson, and Wallis (J. Org. Chem., 1942, 
7, 103) that a- and £-stenol double bonds do not exert vicinal action at the 3 position in the steroid molecule is 
untenable. 

It is suggested, contrary to the currently accepted formule, that both a-spiyjasterol and episterol possess 
y- or A?:8-ynsaturation, that ascosterol and faecosterol both have the nuclear double bond in the C,—C, , position, 
and that neosterol is impure ergosterol; chemical evidence in favour of these views is advanced. 

By this method a number of sterols reported in the literature cannot be assigned to any class; in most cases 
these aberrations are probably due to impurity, but certain of these steroids are related in molecular rotation 
differences to the triterpenoids. Examples are provided by the a-sitosterols, the tritisterols, and satisterol. 
Finally it is shown that there is a well-defined and characteristic differentiation between the molecular rotation 


Pompe of sterols and triterpenoids (Table VII) and it is a simple matter to assign one of these substances 
0 its class. 


HE last decade has seen a remarkable increase in the importance attached to the steroids. This has been due, 
bn the one hand, to the correct formulation of the basic skeletal structure of the group and, on the other, to 
ie physiologically important substances now included in, or closely related to, this class of naturally occurring 
materials. As the amount of data relating to the optical rotatory power of steroids has grown, there have 
een attempts to correlate the variation of this physical constant with the known structures of the molecules. 
Hhe earlier papers of Lettré (Ber., 1937, 70, 450) and Callow and Strain (Proc. Roy. Soc., 1936, A, 157, 194) 
re followed by those of Wallis and his co-workers (J. Org. Chem., 1941, 6, 319; 1942, 7, 103), and a 
lumber of useful generalisations have been proposed. The latter authors examined the data in the light of 
modern theories of optical rotatory power (compare Kauzman, Walter, and Eyring, Chem. Rev., 1940, 26, 339), 
hich suggest that the Principle of Optical Superposition and the Freudenberg ‘‘ Rule of Shift” (Ber., 1933, 
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66, 177) would be rigidly obeyed if the groups under consideration were situated sufficiently far apart in spac, 
for ‘‘ vicinal action ’’ to be inoperative. The definition of the distance over which “ vicinal action ”’ is effective 
is obviously of the greatest interest and further reference is made to this subject below. Plattner and Heusge 
(Helv. Chim. Acta, 1944, 27, 748) have made observations on the dependence of optical rotatory power o) 
structure in certain bile acid derivatives, and have confirmed the finding of Wallis e¢ al. (loc. cit.) that changes 
in the steroid side chain do not exert vicinal action at the 3 position. 

Recently the relationship between optical rotatory power and structure in triterpenoid compounds has bee, 
examined by Barton and Jones (loc. cit.) by their ‘‘ Method of Molecular Rotation Differences.”’ It was show 
that triterpenoids are divided thereby into the same groups as those obtained by chemical classification, ang 
that generalisations relating changes in optical rotatory power to alterations in structure could be made. This 
method is now applied to naturally occurring sterols. 

In the tables discussed below all optical rotatory power data refer to the Nap line with chloroform as solvent, 
unless specified to the contrary, and are expressed as molecular rotations, the specific rotation data in the 
literature having been approximated to the nearest degree and averaged. When the values recorded are 
grossly at variance this is usually pointed out in the text, but some of the older values, which are obviously in 
error, have been disregarded. The usually permissible error of a specific rotation is of the order + 2—3? (i, 
about +10 in the.molecular rotation), but many substances have constants which are known to considerably 
finer limits than this and, in any case, the permissible error will depend on a number of factors (see Barton and 
Jones, Joc. cit.). A, is the molecular rotation difference (M.R.D.) between the values for the acetate and the 
sterol, A, that between the benzoate and the sterol and so on. 

In Table I the data for fully hydrogenated sterols (stanols) of the 3(8)-tvans configuration (I) have been 
collected, whilst in Table II the corresponding values for A5-unsaturated sterols (stenols) (II) are summarised, 


oo 
' WP SP BP 


H 
(I.) (II.) (III) (IV.) 


A Bee 


(V.) (VI.) (VIL.) 


A small number of sterols comprising bombicesterol and bombicestanol, the sterol B of Heilbron et al. (J, 
1941, 344), and its dihydro-derivative, gorgosterol, 8-sitosterol, and microcionasterol have M.R.D.’s which are 
incompatible with the views expressed as to their nature and with any other reasonably possible structures. 
It is suggested that all these materials are impure and, indeed, this is acknowledged to be the case with the 
above-mentioned sterol B, gorgosterol, and microcionasterol. 


TABLE I. 
[M]p. 





Dinitro- 
Sterol. Acetate. Benzoate. Ketone. benzoate. 
+158 — 
—_ +131 
+140 + 77 
4186 +104 
+157 _ 
+170 + 85 


References. 
1, 2, 3, 4, 5. 
6 


7, 8, 9, 10, 11, 12, 13, 14 
15 


+p 
nt 


Pid) 


16, 17. 


18, 19. 
18, 20, 21, 22, 23, 24, %, 
27, 28, 29, 30, 31. 


+4+++444+ 


+ 
- 


fi Rac oH, ) aa 
(I; R = CigHyy) 


terol B pa es Pr eas ee on 

Both stanols and A®-stenols possess A, values of about —34, but differ widely and characteristically 1 
their A, values. In agreement with the view of Bernstein, Wilson, and Wallis ( J. Org. Chem., 1942, 7, 103 
and of Kind and Bergmann (ibid., 1942, 7, 341), Mazur’s formulation (J. Amer. Chem. Soc., 1941, 63, 2442) ° 
spongillasterol as 5 : 6-dihydrostigmasterol appears to be in error, as its A, value is normal for that expected 
of a A®-stenol. From the data available it seems that there is little to chose between the M.R.D.’s of benzoat* 


and 3: 5-dinitrobenzoates in the steroid field. 
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TABLE II. 
(M]p. 





~~ 


Dinitro- 
Substance. Formula. q . Benzoate. Ketone.* benzoate. 
24: 25-Dehydro- (II; R = C,H,,) — 63 — — 33. 
ti 
PE men y (II; R = C,H,,) — 64 +357 — 81 1, 3, 5, 26, 06 35, 


36, 37, 38, 3 
(II; R= CoH 110) 40. 


References. 


—167 


(II ; 44, 45, 46, 47, 48. 

Cc 17, 49. 

Cc 25, 43, 48, 50, 51, 52, 
10F1 35) : oe 54. 

Cc , 17, 55. 

cons) 21, 26, 28, 43, 51, 52, 

59. 

ySitosterol : Il; R = CyHs;) 

eSitosterol II; R = CyHy;) a 

Spongillasterol (II; R = CyoH,;) — 88 

Anomalous : 
Bombicesterol oa R re C,H,;) — 69 
Gorgosterol neertain - 
Microcionasterol Uncertain — 57 


* A*‘-3-Ketones. .. 


in : 
Stigmasterol Il; 
Clionasterol (II; 
p-Sitosterol (II; 


AR RR AAD BAR 


TABLE III. 





Substance. ormula. \ . 4 > » . References. 
a or 8: 14-Stenols: 
a-Cholestenol + 3, 62, 63, 64, 65. 
eet ; > 67, 68, 69, 70, 71, 72. 
a-Stellasteno! : r > 
o-Stigmastenol 73, 74, 75, 76. 
B- or 14: 15-Stenols : 


B-Zymosterol $ - —_ 33. 
B-Cholestenol ; 


1, 3, 62, 
p-Ergostenol 3 C,H,,) + 7, 8,11, 70, 77. 
B-Stellastenol ; 16. 


62. 
. : 7 66, Le bn 80, 81, 82, 83. 
‘ostenol : eH 68, 70, 72, 79, 80. 
> oar : 73, 76, 84, 85. 
B-Spinasterol : CyeH is) 73. 
é-Spinasterol 3 R = CygHys) 73. 
+ or 8: 9-Stenols : 
§Cholestenol (VI; R= C,H,;) 
¢ or 9: 11-Stenols : 


Zymosterol (VII; R = C,H,,) +1900 +290 . —47 + 98 


63, 80. 


1, 3, 33, 65, 86, 87. 
+ 8 1,33. 

Data for a- (III), B- (IV), y- (V), 8- (VI), and e- (VII) stenols are correlated in Table III. In connection with, 
what follows below it should be pointed out that the A, and A, values for «- and $-cholestenols and ergostenols 
are especially reliable, as they have been recorded in good agreement with each other on numerous occasions. 
It would be expected that a comparison of the M.R.D.’s of stenols and stanols would afford some indication 
of the distance of operation of “‘ vicinal action,” for the further the double bond away from the 3-position, the 
more nearly should the M.R.D.’s of the stenol approach those of the stanol type. In actual fact there is little 
indication of the occurrence of such a phenomenon in Table III, at least as far as nuclear unsaturation is con- 
cerned. The M.R.D.’s observed are seen to be highly dependent upon the position of the double bond, and the 
statement of Bernstein, Wilson, and Wallis (loc. cit.) that «- and $-stenols have the double bond in positions no. 
longer subject to “ vicinal action” is untenable. 8-Cholestenol is exceptional in having a positive A, value; 
it is necessary that this be confirmed. 

There has recently been discussion as to the correct position of the nuclear double bond in «-dihydroergosterol 
and in a-spinasterol. It has been customary to formulate «-dihydroergosterol, previous to the work mentioned 
below, as (III; R = C,H,,) and a-spinasterol as (III; R = C,9H,,) or (V; R = C,9H,,) with the y-position 
of the double bond for preference (Fernholz and Ruigh, J. Amer. Chem. Soc., 1940, 62, 2341). The optical 
rotatory power data (see Table III) definitely preclude the presence of the double bond at the a-position in 

~~ two sterols, and critical examination of the available chemical evidence shows the correctness of this: 
deduction. 

Stavely and Bollenback (J. Amer. Chem. Soc., 1943, 65, 1290) oxidised «-dihydroergosterol acetate with. 
chro mic acid and isolated products which, they claimed, proved the double bond to be in the §-position (VI; 
= C,H,;). Wieland and Benend (Amnalen, 1943, 554, 1), on the other hand, by a comparatively unambigu- 
us method, showed that the nuclear unsaturation must be at the y-position (V; R = C,H,,). Stavely and 
bollenback also (J. Amer: Chem. Soc., 1943, 65, 1600) oxidised «-spinasterol acetate under the same conditions. 
8 for «-dihydroergosterol acetate and claimed that the nature of the oxidation products showed the original, 
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double bond to have occupied the 8-position (VI; R = C,)H,,). The most reasonable explanation of these 
discrepancies is that the two sterols in question both contain y-double bonds, and that these rearrange, with the 
initially formed 7 : 8-diol as intermediate, on chromic acid oxidation. 


lam see 











Suggested position of 
the nuclear double 
bond (this paper). 





~~ : R 
A A a 
ae 
7 V/ \LN/O 
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Suggested position of the nuclear double bond 
(Stavely and Bollenback, Joc. cit.). 

This postulated shift of the double bond explains more easily than the suggestions of Stavely and Bollenback 
(loc. cit.) the nature of the oxidation products of «-dihydroergosterol and «-spinasterol acetates. In any case 
it is necessary on the $-ethenoid formule for these compounds to postulate a shift from the 8- to the «-position 
under the influence of chromic acid oxidation in order to account for the occurrence of the 8 : 14-oxido grouping 
in one of the oxidation products. 

In Table III, therefore, «-dihydroergosterol and «-spinasterol have been classified as y-stenols and their 
M.R.D.’s agree reasonably well with each other and with those recorded for y-cholestenol. The specific rotations 
available in the literature for y-ergostenol are in marked disagreement. with each other and it is not surprising, 
therefore, that the M.R.D.’s for this substance do not resemble those reported for the other y-stenols. 

In connection with this apparent double bond migration, Eck and Hollingsworth (J. Amer. Chem. Soc. 
1941, 63, 2986) recently claimed to have prepared 8-cholestene by dehydration of 7-hydroxycholestane, proving 
the identity of their product by chromic acid oxidation to 7-ketg-3-cholestene. Wintersteiner and Moore 
(J. Amer. Chem. Soc., 1943, 65, 1507), on the other hand, have shown that on dehydration of 7-(8)-hydroxy- 
cholestanyl acetate by the same procedure a mixture of olefinic isomers results in which y-cholesteny] acetate 
is strongly predominant. It is likely, therefore, that 8-cholestene has been wrongly described and is, in reality, 
substantially y-cholestene, the expected dehydration product. The apparent migration of double bonds under 
the influence of chromic acid oxidation is not altogether a new concept, as a similar rearrangement has been 
suggested to occur in triterpenoids (compare Noller, J. Amer. Chem. Soc., 1944, 66, 1269; Haworth, Aww. Rep. 
1937, 34, 327). 

Optical rotatory power is helpful also in considering the position of the nuclear double bond in {- and 
8-spinasterols (suitable data for y-spinasterol are not available). In Table III these sterols have been included 
with the y-stenols, to which group they most closely approximate. This classification predicts, therefore, that 
a-, 8-, and 8-spinasterols differ from each other solely in the position of the unsaturated centre in the side chai. 
It is not possible, however, to exclude entirely 8- or A*‘*-unsaturation in B- and 8-spinasterols. 

It will be noticed from Table III that not only is the position of nuclear unsaturation indicated by M.RD. 
values, but that the magnitude of the molecular rotation of the unsubstituted stenol, itself, lies between limits 
roughly characteristic of the double bond position. Thus A®-stenols have [M]p lying between — 130° and — 210°, 
a-stenols between + 50° and + 100°, B-stenols between +70° and + 140°, y-stenols between 0° and — 80°, and 
e-stenols about + 190°. 

The minor steroid constituents of yeast fat have recently been the subject of renewed interest (Wieland, 
Rath, and Hesse, Annalen, 1941, 548, 34; compare Wieland and Kanaoka, Annalen, 1937, 580, 146; Wieland 
and Gough, Awnalen, 1930, 482, 36). The molecular rotation data available in the literature for this group 
of sterols are summarised in Table IV; in this table the data for iso-dehydrocholesterol are included for com 
parative purposes. According to Wieland, Rath, and Hesse (Joc. cit.), ascosterol is diethenoid, possessing * 
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TaBLe IV. 





Formula: Suggested Formula: Suggested 7 
in literature. in this paper. Sterol. 
VII; R = C,H,,) +179 

3; R= C,H) (V; R=C 4 


J = + 
; R= C,H;,) (VII; R= oH) +167 
Neosterol Hi.) (IX; R= GH, —416 
jsoDehydrocholesterol VIII; R = C,H;,) — ; — 69 
* This value is recorded for the dinitrobenzoate; it is unlikely to be far removed from that for the benzoate. 


methylene group in the side chain and nuclear unsaturation in the y- or §-position. Faecosterol was said to be 
identical with ascosterol save that the nuclear double bond was in the a-position. Episterol was similarly thought 
to be identical with faecosterol save that the side chain methylene group was placed in a different position. 
Neosterol, a triethenoid steroid, was assigned the structure (VIII; R = —CHMe-CH:CH-CHMe-CHMe,) and 
considered to be the C,, epimeride of isoergosterol. 


Om we 


(VIII.) (IX.) (X.) 


All the nuclear double bond positions in the diethenoid sterols were deduced by a method of alleged double 
bond rearrangement (steroid in ethyl acetate treated with platinum in a nitrogen atmosphere) which Stavely 
and Bollenback (J. Amer. Chem. Soc., 1943, 65, 1600) have subsequently suggested to be most unreliable. 

It is not surprising, therefore, that the optical rotatory power data are quite inconsistent with any of the 
proposed formulations of these yeast fat sterols. It is to be predicted, with a reasonable degree of certainty, 
that ascosterol and faecosterol both have the nuclear double bond in the same e-(A®*")-position. This is in 
agreement with the M.R.D.’s of these compounds and, also, the absolute magnitude of their rotatory powers. 
The alleged rearrangement of ascosterol benzoate to faecosterol benzoate by platinum in ethyl acetate has 
already been criticised adversely by Stavely and Bollenback (loc. cit.) and the anomalous occurrence of such a 
change has subsequently been doubted by Wieland himself (Wieland and Benend, loc. cit.). The optical 
rotatory power data for episterol are best interpreted on the grounds that this sterol has a y-nuclear double 
bond, this agreeing with the observed M.R.D.’s (which are not very reliable) and the absolute magnitude of the 
molecular rotation (which is more trustworthy). It is not at all likely that the suggested «-ethenoid linkage 
isactually present. It is not possible, with the limited data available, to make any reliable statement about 
the structures of anasterol and hyposterol, which also occur as minor constituents of yeast fat. 


TABLE V. 


Mt. 
e -s ™~ 
Substance, Formula. ’ " Benzoate. Ay. As. 

7-Dehydrocholesterol IX; R = C,H,,) -_ —259 a= +194 " 
7-Dehydrocampesterol — —251 — +183 92, 

terol (IX; C,H —372 —345 +143 +170 7, 67, 68, 82, 86, 93, 94, 95, 96. 
22 : 23-Dihydroergosterol ; > 330 _ +104 — 70. 
1-Dehydrostigmasterol IX; = — 252 — +174 90. 
7-Dehydroclionasterol (IX; R = Cy Hs; — 327 _ + 77 _ 97. 
7-Dehydrositosterol (IX; R = CyHy —322 —279 +156 +199 98. 





References, 


Optical rotatory power data on doubly unsaturated sterols of the ergosterol type (IX) are correlated in 
Table V. For this class of steroid A, is about +120 and A, about +185. Tflese values are in good agreement 
with those recorded for neosterol, but not at all similar to the corresponding figures for isodehydrocholesterol 
(VIII; R = C,H,, and see Table IV). It is suggested, therefore, that the conjugated double bond system of 
ergosterol is also present in neosterol. This view is supported by the absorption spectra data for neosterol 
(Wieland and Gough, Joc. cit.), as the values of Amax, recorded for this substance are almost identical with those 
for ergosterol, whilst the values of en, are very slightly lower for neosterol than for ergosterol. The absorption 
spectrum of neosterol is not comparable, moreover, with that of isodehydrocholesterol (Windaus, Linsert, and 
Eckhardt, Annalen, 1938, 584, 22), which has a characteristically low value of ¢,,,, of about half that observed 
with 7-dehydrocholesterol and ergosterol. 

The presence’of the ergosterol chromophore has already been proved by Wieland, Rath, and Hesse (loc. cit.), 
by the isolation of a-dihydroergosterol from the catalytic hydrogenation product of neosterol under conditions 
for which a double bond shift was unlikely. Since a-dihydroergosterol. has now been shown’ to possess a 
y-double bond (see above), it follows that this must also have been present in the original neosterol.’ As 
Wieland, Rath, and Hesse (loc. cit.) definitely reject the statement of Callow (Biochem. J., 1931, 25, 87) that 
heosterol is only a mixed crystal of ergosterol with a smaller proportion of a-dihydroergosterol, it is very difficult 
to assign a formula to neosterol. Indeed, the evidence examined here is reasonably good proof that neosterol 
= ae Pia ergosterol, in spite of the German authors’ opinibns to the contrary. 

I 
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A few years ago the «-sitosterol of Anderson (see Heilbron and Jones, Ann. Rev. Biochem., 1940, IX, 135) 
was shown to be heterogeneous and, in reality, to consist of at least three sterols, «,-, «,-, and dg-Sitosterol 
(Wallis and Fernholz, J. Amer. Chem. Soc., 1936, 58, 2446; Bernstein and Wallis, J. Amer. Chem. Soc., 1939 
61, 1903; Gloyer and Schuette, J. Amer. ‘Chem. Soc., 1939, 61, 1901). The structure of «,-sitosterol (as X; 
R= CieHs) was proposed by Bernstein and Wallis U7. Amer. Chem. Soc., 1939, 61, 2308). That this formyl. 
ation must be incorrect was subsequently pointed out by Bernstein, Wilson, and Wallis (loc. cit.) on the basis 
of optical rotatory data. This latter finding is confirmed by the data on the a-sitosterols presented in Table Vy, 
For comparison satisterol (Kimm, Sci. Papers Inst. Phys. Chem. Res. Toyko, 1937, 34, 637), isolated from the 
more soluble («-sitosterol) fractions of the unsaponifiable matter of rice germ oil, 8-sitosterol, calosterol, and the 
triterpenoid-like sterols agnosterol, lanosterol, cryptosterol, and the tritisterols have been included. It is very 
likely that 8-sitosterol is a mixture of a-sitosterols incompletely freed from B- and y-sitosterols. Calosterol, too, 
must be a mixture of the taraxasterol type (compare Simpson, J., 1944, 283; Hesse, Eilbracht, and Reichender, 
Annalen, 1941, 546, 233), especially as calotropis resin, from which calosterol is obtained, is known to bea 
source of taraxasterols as well. Satisterol would seem to be a somewhat impure form of one of the «-sitosterols 
and, since both wheat germ and rye germ oils contain «-sitosterols, the occurrence of such bodies in rice germ oj] 
is to be anticipated. 


TABLE VI. 
[Mlp. 





Suggested formula 
Substances. in literature. 

a,-Sitosterol (X; R = C,,H;,;) 
a,-Dihydrositosterol ill; = Couthey) 
a,-iso-Dihydrositosterol IV; C, He) 
a,-Sitostanol I; Ae 
a,-Sitosterol 
a,-Sitosterol 


P 


References. 
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104, 105, 
104, 105. 
106, 
106. 
106. 
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* Rotations for this substance are for the wavelength, A = 5461, 


TaBLe VII. 


Steroid we. Formula. A,. , 

Stanol . eve cee decesee au aue —34 Reliable values. 

A®-Stenol .. e0cece ces cas sensas —35 Reliable values. 
ro gene —40 A, and A, reliable values. 
pede, EO eee —35 A, and A, reliable values. 
"tes, AEE eee eT Oe ( — 6 A, and A, fairly reliable. 
A®**-Stenol . assinscaecmedes +15 Not a well studied type. 
AP?MStenol —......ccccecdeeseenee — 52 Fairly reliable values. 


a- and f- en group . + 6 ™ 
Lupeol group . RIE. +70 } Included for the purpose of comparison. 


All the well-characterised substances in Table VI have positive values for A,, whilst the non-conjugated 
sterols possess negative values for A, (with the exception of 8-cholestenol). This enables a clear differentiation 
to be made between naturally occurring sterols of the 3(8)-configuration and substances belonging to the 
triterpenoid group (see Table VII). It is interesting to speculate, in this connection, that the «-sitosterols may 
be assigned a C,, formulation on re-examination, thus bringing them into the triterpenuid class. 

In Table VII are collected the average values for the M.R.D.’s of the various steroid types that have beet 
discussed above. For comparison the values for the two well-characterised triterpenoid groups have bee 
included. The applicability of this table of constants to problems in the sterol field will be appreciated from 
the examples of its usage detailed above. 


I am indebted to Professor H. V. A. Briscoe for his kind interest and to Dr. E. R. H. Jones for valuable criticisms 
during the preparation of this manuscript. 
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214. An Interpretation of the Sandmeyer Reaction. Part VII. The Formation of 
Complex Salts between Aryl Diazoniwm Chlorides and Ferric Chloride of General 


Formula, R-N,}FeCl,, and the Decomposition of p-Nitrobenzenediazonium 
Chloride by Ferrous Salts. . 


By Hersert H. Hopcson and Dovuctas D. R. SIBBALD, 


+ - 

Complex salts of aryldiazonium chlorides with ferric chloride of general formula R-N,}FeCl, have been made 
from eight amines; they decompose with hot concentrated hydrochloric acid to give chloro-aryls. With 
ethanol, p-nitrobenzenediazonium ferrichloride rapidly decomposes to give p-chloronitrobenzene analogously 
to aryl diazonium perbromides, but some nitrobenzene is also obtained. Hydrobromic acid displaces chlorine 
from the ferrichloride to form the corresponding ferribromide. Decompositions of the ferrichloride and ferri- 
bromide with concentrated hydrobromic acid and concentrated hydrochloric acid respectively follow the same 
course as the analogous cuprous halide reactions described in Part I. Ferrous chloride and ferrous sulphate 
decompose concentrated hydrochloric acid solutions of p-nitrobenzenediazonium chloride to give over 80% 
yields of p-chloronitrobenzene. 


ALTHOUGH it is generally agreed that an unstable intermediate product is formed in the solution during the 
usual Sandmeyer reaction with cuprous chloride or bromide (cf. Saunders, ‘‘ The Aromatic Diazo Compounds,” 

: Arnold and Co., London, 1936, p. 155), only a few examples of double €ompounds of cuprous salts with 
diazonium halides exist (cf. Lellmann and Remy, Ber., 1886, 19, 810; Hantzsch, Ber.,; 1895, 28, 1751; Neumann, 

onatsh., 1894, 15, 492), and Sandmeyer himself was unable to isolate any kind of intermediate complex (Ber., 
1884, 17, 2650). Nevertheless, the present series of investigations in this field have been based on the existence, 
however ephemeral, of intermediate complex anions and, while none have hitherto been actually isolated, 
bcular demonstration of their existence was given in Part IV (/., 1944, 18) in the case of complex cobalt anions 


++ == 
of the type (R-N,),}CoCl,, and it was then suggested that the efficiency of ferric chloride as a catalyst in con- 


entrated hydrochloric acid was due to the formation of complex salts of the type R-N,}FeCl,. Incidentally, 
chmidt and Maier (J.pr.Chem., 1931, 183, 153) have previously obtained double salts of p-diethylaminobenzene- 
uiazonium chlorides with mercurous, ferric, zinc, and cadmium chlorides. 
In the present experiments these ferrichlorides having the above general formula were found capable of 
lation with the greatest ease, owing to their sparing solubility in concentrated hydrochloric acid, and eight 
examples of them are recorded in Table I. These ferri-complexes decompose when heated with concentrated 
hydrochloric acid similarly to the original solutions of diazonium chlorides when these are treated with ferric 
hloride (Part V, J., 1944, 393), and so furnish strong evidence of intermediate compound formation preceding 
"ecomposition in concentrated hydrochloric acid. When the ferrichloride is treated with concentrated hydro- 
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+ - 
bromic acid the chlorine is replaced by bromine and the ferribromide, R-N,}FeBr,, has been isolated: jf 
decomposes in hydrobromic acid solution giving excellent yields of RBr. 

When the ferrichloride from diazotised p-nitroaniline was decomposed by boiling hydrobromic acid a mixtyy 
was obtained of p-bromonitrobenzene (93%) and p-chloronitrobenzene (7%) (cf. Part I, J., 1941, 770, % 
analogous decompositions of diazonium salts with cuprous chloride and cuprous bromide in hydrobromic ang 
hydrochloric acids respectively), while the corresponding ferribromide when decomposed by boiling hyd 
chloric acid gave a mixture of p-bromonitrobenzene (50%) and p-chloronitrobenzene (50%). As well a 
substantiating the theory advanced in Part I (loc. cit.) the data, quoted below, indicate that in the competitiv 
introduction of chlorine and bromine where the bromo-complex is being decomposed by hydrochloric acid 
ferric iron is more favourable to the introduction of bromine than is cuprous copper since the latter provides; 
mixture of p-monitrobrobenzene (36%) and -chloronitrobenzene (64%). 

p-Nitrobenzenediazonium ferrichloride is very rapidly decomposed by ethanol and, while p-chloronitrobenzen 
is the main product, some nitrobenzene is also formed due to the usual reduction of diazonium salts by ethanol, 
In the analogous case of the zinc chloride double salts (cf. Hodgson and Foster, J., 1942, 581) nitrobenzene way 
the main product (ca. 66%) of decomposition with ethanol. . 

Ferrous chloride and ferrous sulphate also decompose very efficiently concentrated hydrochloric acid 
solutions of p-nitrobenzenediazonium chloride giving p-chloronitrobenzene in about 81% yield; but where 
the yield only falls slightly (ca. 6%) even at great dilutions, the difference between the two yields when the 
ferrous salt is present and absent rises appreciably with dilution, thereby proving that the mechanism ¢ 
decomposition involves the presence of a complex anion containing iron and chlorine. An attempt to isola 
this afforded a solid whose composition we were unable to determine but which contained iron, chlorine, anj 
nitroso group, the presence of the last being shown by indications of the formation of p-nitrosonitrobenzen 
when the solid was decomposed and steam distilled. 


° EXPERIMENTAL. 


+ We 

Preparation of the R-N,}FeCl, Complexes.—The arylamine (0-02 g.-mol.) or diamine (0-01 g.-mol.) was heated with 
hydrochloric acid (30 c.c., d 1-18) and the solution cooled rapidly to below 0° to form a fine suspension of the hydro 
chloride to which finely powdered sodium nitrate (1-5 g.) was cautiously added. This may be effected without the evolution 
of brown fumes by working at a sufficiently low temperature during the addition. The solution of the diazonium salt 
was filtered through sintered glass to remove residual solid matter and treated with finely powdered hydrated ferric 
chloride (5-4 g.) which was stirred in gradually with external cooling. The complex separated immediately as a yellow 
crystalline product and stirring was continued to allow any excess ferric chloride to dissolve, after which the solid wa 
removed by filtration as before, washed with cold hydrochloric acid (d 1-18) to remove ferric chloride, and dried unde 
reduced pressure over sodium hydroxide. 

General Properties.—The complexes are yellow or orange crystalline solids, readily soluble in water but only sparingly 
soluble in concentrated hydrochloric acid; all the solutions in which the complexes are stable in the cold and several, 
e.g., that from benzidine, whose complex maybe recrystallised from such media, only decompose on prolonged heating, 
The dry solids may, in many cases, be kept for considerable periods without change (e.g., the compound from -nitro- 
aniline was kept for over twelve months and retained unimpaired its coupling power with alkaline B-naphthol), but thos 
from aniline and the naphthylamines remained stable for only a few days, decomposing slowly to give the chloro-derivatives 

Method of Analysis.—(a) lron content. The complexes were dissolved in water, decomposed by heating, and the iron 
precipitated as ferric hydroxide with ammonia and estimated in the usual way as Fe,Os, all organic matter being removed 
by ignition. 

. Taste I. 


Analytical data. 


Pa — " Iron, %, in the complex. 
RN,}FeClh,, %. Found. Calc. 
PN ccccnuhtvedes onidem panstubiensing sh odsnsgoisasigudnes aah 18-4 18-45 
INS vc 000 cabsdnceubaccaabensacees sebece ophsed 16-2 16-1 
IY is. vac ccecctcecusdadeibyandasssas seta sice 16-15 16-05 
PE TIN ak Niakavs s v0 chaste sin ga pbunsqbeesndedenabeseerec 17-75 17-6 
SND | orc cintcannapee gtesttncatesccsedecos sce 15°8 15-8 
EEG ¢schacnenbocdsivesecingabyendshydeoneces 15°5 15-8 
PI Gites Lig costes WuSiaveerde¥ pivenvabiiees eyaees 18-6 18-5 
4 : 4’-Diaminodiphenyl disulphide .................. 17-0 16-7 
(b) The diazonium ion content. The complex from p-nitroaniline was dissolved in water and coupled with alkaline 
B-naphthol and the p-nitrobenzeneazo-f-naphthol weighed (Found : 1-067 g. complex gave 0-90'g. of dye. Calc. : 0-92 g,). 
Since the analyses for iron were in accord with the presumed general formula in the case of all the complexes studied, 
the above estimation was carried out for the above complex alone. 
Preparation of p-Nitrobenzenediazonium Ferribromide.—The ferric chloride complex from p-nitroaniline was added 
in the solid state to excess hydrobromic acid (d 1-7) and, after stirring the suspension for 15 mins., the red-browl 
crystalline product was separated off and dried under reduced pressure over sodium hydroxide (Found: Fe, 104. 


+ - 
NO,-C,H,N,}FeBr, requires Fe, 10-7%). 
Decompositions of p-Nitrobenzenedtazonium Ferrichloride.—(a) In hydrochloric acid. The complex (4 g.) was refluxed 
re 30 29," with hydrochloric acid (15 c.c., d 1-18) and the mixture steam distilled; yield of p-chloronitrobenzeté, 
5 g., . i 








(b) In absolute ethanol. The cunapiess (4:5 g.) was boiled under reflux for 15 minutes with éthanol (30 c.c.). A 


rapid decomposition accompanied by the formation of acetaldehyde took place at the start of the reaction. The greatet 
part of the alcohol was removed by distillation, and the products, volatile in steam, collected. The solid matter was 


ondit: 
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-ontaminated with a small quantity of nitrobenzene which was removed as far as possible by pressing in filter paper 
yield of p-chloronitrobenzene, 1-5 g., ca 74%). : 

(c) In glacial acetic acid. The complex was refluxed with ry acetic acid (20 c.c.) for 30 mins. and on steam 
jistillation gave p-chloronitrobenzene (0-5 g., 32% yield). The liquid remaining from the steam distillation was made 
aline, filtered, rendered just acid and extracted with ether; from the ether extract p-nitrophenol (0°6 g., 55% yield) 
was obtained ; 87% of the complex is thus accounted for in this decomposition. 

(d) In hydrobromic acid. The complex (3-5 g.) was refluxed with hydrobromic acid (16 c.c., d 1-7) and water (18 c.c.) 
or 30 mins. (The water was added to reduce the acid to the same molarity as the hydrochloric acid used in the next 
speriment.) The halogenonitrobenzene, m. p. 123-3°, removed by steam distillation, amounted to 1-9 g. From the 
fata of Hodgson and Birtwell (J., 1941, 775) this product is a mixture of p-bromonitrobenzene (93%) and -chloronitro- 
benzene (7%), the yields being 88% and 8% respectively and the total replacement, 96%. 

Decompositions of p-Nitrobenzenediazonium Ferribromide.—(a) In hydrochloric acid. The complex (5-3 g.) was 
efluxed with hydrochloric acid (17 c.c., d 1-18) for 30 mins. and the volatile products obtained as in (d) above, giving 
16 g.,m. p. 102°, and corresponding to p-bromonitrobenzene (50%) and p-chloronitrobenzene (50%) (Hodgson and 
Rirtwell, Joc. cit.) ; the yields were 40% and 51% respectively and the total replacement, 91%. 

(b) In hydrobromic acid. The complex (5-3 g.) was refluxed with hydrobromic acid (16 c.c., d 1-7) for 30 mins. and 

on steam distillation yielded p-bromonitrobenzene (1-9 g., 94%). 
Decompositions of p-Nitrobenzenediazonium Chloride with Ferrous Salts. Procedure.—p-Nitroaniline (2-8 g.) was 
Hiazotised in hydrochloric acid (50 c.c., d 1-18) by the addition of solid sodium nitrite (2 g.) as described above, after which 
he ferrous salt was added with varied amounts of water and the mixture refluxed for 30 mins. The #-chloronitro- 
benzene formed was removed by steam distillation, dried and weighed. The results obtained are shown in Table II 
ogether with the blanks (water alone) found by Hodgson and Sibbald (J., 1944, 394). 


TaBLeE II. 
Yields of p-chloronitrobenzene, expressed in g. and %. 
(a) With hydrated ferrous chloride (8 g.). (6) With hydrated ferrous sulphate (11 g.). 
Water added, Difference due Water added, Difference due 

g- G. %- Blank, %. to salt, %. g. G. %. Blank, %. to salt, %. 
Nil 2-6 , $1 56 25 Nil 2-6 81 56 25 

25 2-5 78 50 28 50 2-5 78 44 34 

50 2-4 75 44 31 100 2-4 75 31 44 
100 2-4 75 31- 44 
150 2-3 72 22 50 


In carrying out the above experiments it was observed that, when ferrous chloride was added in the cold, an immediate 
volution of nitrogen occurred and a brick-red solid was deposited which when steam distilled gave p-chloronitrobenzene ; 
he last portions of the latter in the condenser were pronouncedly green, suggesting the presence of a nitroso-compound, 
., p-nitrosonitrobenzene. Evidence for the latter was further obtained by the red colour given with a hot mixture of 
aniline and glacial acetic (azo-compound formation). Reduction of this green product with zinc and hydrochloric acid 
pave a Solution which when filtered and boiled with ferric chloride had a perceptible odour of -benzoquinone and whose 
steam distillate liberated iodine from potassium iodide. x 

When the above experiments were carried out after excess nitrous acid had been destroyed by urea, the decomposition 
appeared to be even more violent and a complex salt of ferrous iron appeared impossible to isolate under either set of 
onditions. 


The authors are indebted to Charles Brotherton Trust for a Research Scholarshtp to one of them (D. D. R. S.), and 
to Imperial Chemical Industries Ltd. (Dyestuffs Division) for gifts of chemicals. 
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215. The Action of Methanol on Phenol in the Presence of Alumina. 
Formation of Anisole, Methylated Phenols, and Hexamethylbenzene. 


By N. M. CuLtinaneE and S. J. CHARD. P 





The reaction between methanol and phenol vapours in presence of alumina has been described as yielding 
hexamethylbenzene (Briner, Pliiss, and Paillard, Helv. Chim. Acta, 1924, 7, 1048) and anisole and o-cresol (Ipatiev, 
Orlov, and Petrov, Ber., 1927, 60, 130). It is now shown that, by using activated alumina, it is possible to 
control the process so as to obtain improved yields of anisole, cresols, or hexamethylbenzene. Furthermore 
it is shown that anisole under similar conditions yields cresols, phenol, and hexamethylbenzene. 

To accourt for these results a mechanism is suggested involving the migration of a methyl radical from 
anisole to a foreign nucleus. 








Tls stated that methanol and phenol do not react in the presence of aluminium chloride (Tsukervanik and 
‘azarova, J. Gen. Chem. Russ., 1937, 7, 623) or perchloric acid (Hinsberg, G.P. 538,376). Sowa, Hennion, and 
leuwland (J. Amer. Chem. Soc., 1935, 57, 709) likewise obtained a negative result when boron fluoride was used 
a catalyst at atmospheric pressure, but when the experiment was carried out in a sealed tube they obtained 
fair yield of anisole. Using the same catalyst Kolka and Vogt (J. Amer. Chem. Soc., 1939, 61, 1463) found 
hat methyl ether and phenol could be condensed to form some anisole, which was also produced from methanol 
nd phenol in the presence of thoria as shown by Briner, Pliiss, and Paillard (loc. cit.; ‘cf. Sabatier and Mailhe, 
ompt. vend., 1910, 151, 360). It is claimed by Ipatiev, Orlov, and Petrov (loc. cit.) that with alumina as agent 
nder increased pressure, in addition to anisole, o-cresol was formed in small yield whereas at the ordinary 
pressure p-cresol resulted. 
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While Briner, Pliiss, and Paillard (loc. cit.) state that methanol and phenol do not react below 350° in the 
presence of alumina, it is now shown that, when activated alumina is used as catalyst, reaction actually takes 
place at well below this temperature; e.g., at 200°, anisole is formed in moderate yield. At higher temperatures, 
considerable quantities of methylated phenols are produced. For example, at 345° scarcely any of the ether js 
obtained, the main products (in addition to phenol itself) being o-, m-, and p-cresols (mainly o-cresol) with some 
xylenols and higher methylated phenols. Small amounts of methylanisoles and hexamethylbenzene can aly 
be isolated. 

The anisole first produced undergoes rearrangement; this is confirmed by passing the ether itself over the 
catalyst at a suitable temperature, when the same compounds are formed in similar yield. The quantity of 
phenol present in the product is strikingly similar whether the initial material is anisole or a mixture of methy| 
alcohol and phenol. , ’ 

Here a difference may be noted between the reactions now described and the analogous Fries reaction, 
von Auwers and Mauss (Ber., 1928, 61, 1495; Amnalen, 1928, 464, 293) having shown that, in the pro- 
duction of aromatic hydroxyketones from phenyl esters in the presence of aluminium chloride, the products 
obtained may vary when the acyl group arises from the reacting molecule (Fries) or from another molecule 
(Friedel-Crafts). . ‘ 

A synthetic aluminium silicate was also used as a catalyst, but was found not to be so effective as alumina: 
under comparable conditions a greater proportion of phenol was recovered and the yields of methylated phenols 
correspondingly reduced. 

It is well known that #ert.- and sec.-alkyl phenyl ethers are transformed into alkylphenols in the presence of 
catalysts or by the action of heat alone. The present work shows that, contrary to statements appearing in 
the literature (cf. Claisen and Eisleb, Annalen, 1913, 401, 21; Porter, ‘‘ Molecular Rearrangements,” 1928, 
p. 116; Kon, Ann. Reports, 1933, 30, 186; Wallis, ‘‘ Organic Chemistry,” Ed. Gilman, 1938, p. 748), methyl 
phenyl ethers are also capable of undergoing such rearrangements. 

As the reactions now described take place in the vapour phase the methyl group doubtless migrates asa 
neutral radical (cf. Hickinbottom, Nature, 1938, 142, 830; 1939, 143, 520). Furthermore in the transformation 
of tert.-alkyl or benzyl phenyl ethers by the action of heat the migrating group has been observed in some cas 
to become attached to a foreign nucleus (cf. Behaghel and Freiensehner, Ber., 1934, 67, 1368; Hickinbottom, 
loc. cit.). This suggests that the rearrangements described in the present work are not intramolecular in nature, 
Moreover the formation of phenol cannot be explained on such a basis. Neither can the phenol obtained k 
formed by fission of the anisole molecule to give phenol and olefin as intermediate products of the reaction, 
for the ethylene thus formed if it reacted with phenol would yield ethyl not methyl derivatives. Nor is it 
likely that scission of the ether occurs as a side reaction, as noted by Sprung and Wallis (J. Amer. Chem. Soc, 
1934, 56, 1715) in the rearrangement of sec.-butyl p-tolyl ether, since when anisole is passed over the catalyst 
only negligible quantities of gases are evolved. It is true that rather more gaseous products are obtained from 
phenol and methanol but these no doubt arise from the alcohol, which is present in excess and is known to give 
such products under the conditions of the experiment. 

It is considered therefore that migration of a neutral methyl radical to a foreign nucleus takes place, the 
reaction being thus not a true rearrangement. The production of phenols, methylated phenols and methy!- 
anisoles can be accounted for by reactions of the following type : 


C,H,-OMe + C,H,-OMe = C,H,-OH + MeC,HyOMe —— C,H,-OMe + C,H,-OH = C,H,-OH + MeC,H,-0H 
C,H,"OMe + MeC,H,OH = C,H,;‘OH + Me,C,H,-OH MeC,H,-OMe + C,H,-OH = MeC,H,-OH + MeC,Hy0H 


An attempt was next made to prepare hexamethylbenzene in as large a yield as possible. Apart from th 
preparation of this compound by Briner, Pliiss and Paillard (loc. cit.) in 49% yield, earlier described methods 
are somewhat tedious. The hydrocarbon, in 70% yield, was obtained when a mixture of phenol and a lam 
excess of methanol was heated at 375° in contact with activated alumina. The yield was considerably reduced 
when aluminium silicate was substituted as catalyst. The Swiss authors claim that carbon monoxide asl 
hydrogen, which were apparently the only gaseous products they observed, are responsible for the reducti0 
involved in the operation. In the experiments now described, however, though the former gas was formed il 
some quantity very little hydrogen was collected, in addition to methane (containing some ethane), carbo 
dioxide and ethylene. In any case these gases arise, in part at least, from the decomposition of the alcoho 
itself. 


EXPERIMENTAL, 


y C activated alumina was used in most of the experiments, When, however, ordinary activated alumina wa 
used the results showed little variation. All the catalysts were supplied by Messrs. Peter Spence and Sons, Ltd. 

When the alumina was first: used a preliminary run-through was carried out, the products being discarded. Th 
was desirable because the catalyst took a little time to settle down; as it contained some sulphate there was a possib: 
that sulphur compounds might be formed. The same process was carried out with the silicate; at first there wa 
considerable evolution of ammonia and no products were collected until ammonia ceased to be formed. The sal 
yes was used several times. Briner, Pliiss, and Paillard (Joc. cit.), on the other hand, used fresh alumina for ¢ 
operation. é; 

A diagram of the apparatus is shown. The silica tube was filled with the catalyst (about 300 g.), which was held! 

Bagg 7 ’ 5 


— . to 550°. A Mariott 
e i ; pillary tube was of 1 mm. bore. The catalyst tube was heated by’ 
ing regulated by a Sunvic Temperature Control Unit. When the products we 
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mainly solid, as in the preparation of hexamethylbenzene, a short air condenser, maintained at a temperature sufficient 
to melt the solid and prevent clogging, was used. . 

The fractionating column was 2 ft. long, and consisted of a silica tube packed with glass cylinders about 6 mm. in 
Jength and of equal width. It was electrically heated and efficiently insulated; the temperature was controlled by a 
Sunvic Unit and observed by means of two thermometers resting in glass tubes inserted one at each end of the jacket. 
The temperature of the latter was maintained at about 5° below the b. p. of the fraction required. The still-head was of 
the total condensation, variable take-off type (Whitmore and Lux, J. Amer. Chem. Soc., 1932, 54, 3451). 

Formation of Anisole.—Phenol (282 g.) mixed with commercial 98% methanol (118 g., 1-2 mols.) was pe ata 
rate of 160 c.c. per hour upon the catalyst, the temperature being maintained at 200°. Heat was evolved during the 
reaction. The product (370 g-), consisting of a yellowish oil and a more mobile layer, was well shaken with excess of 
20% aqueous sodium hydroxide, a light-brown oil forming on the surface. This was separated, taken up in ether and 
the solution washed with successive quantities of 20% sodium hydroxide solution until free from phenols. The ether 
solution was dried with anhydrous sodium sulphate and distilled. Anisole (56 g., 50% yield calculated on the phenol 
consumed) distilled at 155°; there was no higher boiling product. 

The alkaline extracts were made acid with concentrated hydrochloric acid and the precipitated 
oil separated and distilled; phenol (185 g.) was obtained. This was mixed with methanol (77 g., 

}:2 mols.) and passed over the catalyst as before. Anisole (35 g.) was obtained, and phenol 


(120 g.) recovered. The total yield of anisole in 5 operations was 139 g. 

Formation of Nuclear Methylated Phenols.—Phenol (211 g.) mixed with methanol (88 g., 1-2 
mols.) was passed over the catalyst at 345°, the dropping rate being 130 c.c. per hour. The 
product (285 g.), consisting of an oily and an aqueous portion, contained scarcely any unreacted 
alcohol. A large excess of 20% aqueous sodium hydroxide was added, the mixture was well 
shaken, and, after standing at room temperature for 12 hours, a small oily layer separated. This 


was extracted with ether, phenols were removed with alkali and the ether solution fractionally 
distilled up to 210°. Anisole, b. p. 155° (about 1 g.), and methylanisoles (6 g.; the o-isomer, b. p. 
175°, and the p-isomer, b. p. 202°, were identified) were collected. The undistilled portion, an 
oily solid, was washed with small quantities of methanol and recrystallised from ethanol. Colour- 
less plates of hexamethylbenzene (6 g.), m. p. 165°, separated (Found: C, 88°65; H, 11-1. 
Calc. for C,,H,: C, 88-9; H, 111%). The analysis was carried out by Dr. G. Weiler. 

On addition of excess of concentrated hydrochloric acid to the alkali-soluble portions a 
brownish oil separated. This was taken up in ether and the aqueous layer extracted thrice with 
the same solvent. After removal of ether and water, the fractions obtained were (a) up to 189°, 

= | 
P 








reve d P20 e) (5 g.), (b)"189—205° (180 g.), (c) above 205°, xylenols with some higher methylated 
pheno g.). ‘ 

The constituents were identified after suitable fractionation by the usual tests, further con- 
firmation being afforded by the preparation of the following derivatives: phenol picrate, m. p. 83°, 
o-cresol m-nitrobenzoate, m. p. 97°, trinitro-m-cresol, m. p. 110°, p-tolyloxyacetic acid, m. p. 136°. 

The phenol was determined by the crystallising-point method, o-cresol by the method of Potter 


= ms, 700) J. Soc. Chem. Ind., 1932, §1, 591), m-cresol by Raschig’s method (Z. angew. Chem., 
, 18, 759). 
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216. New Potential Chemotherapeutic Agents. Part II. Derivatives of 
2-Aminobenzocinnoline. 


By F. E. Kine and T. J. Kine. 


The nitration of benzocinnoline-6-oxide gives chiefly 2-nitrobenzocinnoline-6-oxide (II) and a small amount 
of the 3-nitro derivative. The positions of substitution were determined by hydrogenation of the two related 
aminobenzocinnolines to triaininodiphenyls which were cyclised by acid to known aminocarbazoles. The 
amines (III, R = CH,°CH,’NEt,) and (III, R = CH,°CH,°CH,*NEt,) were obtained by hydrolysis of the 
alkylated 2-p-toluenesulphonamidobenzocinnolines. 


In addition to the synthetical work on aminoalkylquinoxalines described in Part I (this vol., p. 791), investig. 
ations were planned in certain other groups of diazines, e.g. the cinnolines. Difficulties arise, however, in the 
preparation of simple aminocinnolines owing to the inaccessibility of the parent compound, but in view of the 
ease with which the nucleus (I) can be synthesised—either from azobenzene (G.P. 513,206 ; Friedlander, 17, 650) 
or from 2: 2’-dinitrodiphenyl (Ullmann and Dieterle, Ber., 1904, 37, 24)—the amino-3 : 4-benzocinnolines 
appeared to be readily available, and an investigation of this group was accordingly undertaken. 


eo “KK ef 


N=N 
(1.) (II.) (III.) 


Information regarding substitution in the benzocinnoline nucleus is scanty, and the 2-sulphonic acid and 
corresponding phenol are the only monosubstituted benzocinnolines hitherto prepared (G.P. 577,631; Fried- 
lander, 20, 462). Reference is also made (loc. cit.) to a disulphonic acid, and, as in the analogous case of azo- 
benzene, mono- and di-substitution would appear to occur simultaneously. From the standpoint of those 
aspects of chemotherapy with which we were concerned, it was primarily the monosubstituted benzocinnolines 
which were of interest, and in order to avoid the possible formation of disubstitution products an alternative 
route to the monosubstituted benzocinnolines, starting with benzocinnoline-6-oxide, was explored. It was 
expected that as a result of the diminution im anionoid character of the benzene ring adjacent to the co-ordinate 
link, substitution would occur, as with azoxybenzene, exclusively in the other aromatic nucleus. This 
expectation was realised in the nitration of benzocinnoline-6-oxide, and a monoaminobenzocinnoline thus made 
available on reduction. 

Ullmann and Dieterle (loc. cit.) prepared benzocinnoline-6-oxide by the reduction of 2 : 2’-dinitrodiphenyl 
with a large excess of sodium sulphide, but we were at first unable to duplicate the high yields claimed by these 
authors. This may have been due to the presence in their reagent of free alkali, since on adding sodium 
hydroxide, quantitative reduction was effected with little more than the theoretical amount of sulphide The 
nitration of benzocinnoline-6-oxide with fuming nitric acid gave a mixture of isomeric mono-nitro derivatives, 
the principal constituent 2-nitrobenzocinnoline-6-oxide (II), being readily purified by crystallisation from acetic 
acid. Evaporation of the filtrate from the first crystallisation afforded the small amount of more soluble 
3-nitrobenzocinnoline-6-oxide, m. p. 226°, which is also formed. 

The orientation of these two nitro compounds was established by total reduction to triaminodipheny’s 
followed by ring-closure with hydrochloric acid to the aminocarbazoles, all of which are known. Reduction 
of 2-nitrobenzocinnoline-6-oxide (II) to 2-aminobenzocinnoline (III, R = H) was’ effected with stannous 
chloride, and the 2-acetamidobenzocinnoline hydrogenated over Raney nickel to 2: 2’-diamino-5-acetamido- 
diphenyl. Heating under pressure with hydrochloric acid gave an aminocarbazole, m. p. 243° (decomp), 
having an acetyl derivative, m. p. 218°. Ullmann (Annalen, 1903, 332, 101) records for 3-aminocarbazole, 
m. p. 243° (decomp.) and for 3-acetamidocarbazole, m. p. 217°. A similar series of reactions with the nitro 
compound, m. p. 226°, carried out without isolating the acetyltriaminodiphenyl, gave an isomeric amine, m. Pp. 
240° (decomp.), believed to be 2-aminocarbazole, for which Blank (Ber., 1891, 24, 306) gives m. p. 238° (decomp.). 

Alkylation experiments were restricted to the more available 2-aminobenzocinnoline, but this base failed to 
condense with 8-chloroethyldiethylamine under normal conditions, e.g., by prolonged heating in ethanol under 
pressure or in boiling amy] alcohol, with or without the addition of sodium acetate. Heating in boiling toluene 
with sodamide, as in Eisleb’s method of diethylaminoethylation (Ber., 1941, 64, 1433) was also unsuccessful, but 
before extending this process to the acetyl and p-toluenesulphonyl derivatives, it was tried in model experiments 
with anilides. The aceto--diethylaminoethylanilide (Chem. Centr., 1929, 1, 1966) and p-toluenesulphon-f- 
diethylaminoethylanilide (Clemo and Perkin, J., 1924, 1809) thus obtained were hydrolysed to 8-diethylamino- 
aniline, from which a crystalline monoxalate was prepared. : 

8-Chloroethyldiethylamine did not react with 2-acetamidobenzocinnoline in presence of sodamide, but 
with the -toluenesulphonamide it successfully yielded 3-p-toluensulphon-8-diethylaminoethylamidobens- 
‘cimnoline. This was later more conveniently prepared from the amide sodium salt, a method also used for the 
synthesis of the higher homologue, 3-p-toluenesulphon-y-diethylaminopropylamidobenzocinnoline. Hydrolysis 
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of the sulphonamides with cold sulphuric acid gave the amines (III, R = CH,°CH,NEt,) and (III, R = 
CH,CH,’CH,*NEt,) which were converted to crystalline dihydrochlorides. 


EXPERIMENTAL. 


Benzocinnoline 6-oxide (cf. Ullmann and Dieterle, Joc. cit.) Sodium sulphide nonahydrate (60 g., 1-3 mol.) and sodium 
hydroxide (12 g.,) were dissolved in water (100 c.c.) and siowly added to a hot solution of 2 : 2’-dinitrodiphenyl (30 g., 
1] mol.) (Shaw and Turner, J., 1933, 139) in alcohol (550 c.c.). When the initial vigorous reaction was over and the 
solution had refluxed on a steam-bath for 4 hours, the alcohol was ey page and the residue poured into water (1 1.). 
When recrystallised from aqueous alcohol the benzocinnoline-6-oxide (23 g., 95%) formed long buff needles having the 
recorded m. p. 138°, but the crude P oduct was sufficiently pure for nitration. 

9-Nitrobenzocinnoline-6-oxide (I1).—A solution of benzocinnoline-6-oxide (23 g.) in nitric acid (150 c.c., d 1-5) was 
maintained at 80—90° for 3 hours and then poured into cold water. The precipitated solid was collected, washed with 
water and alcohol, and then dissolved in the minimum quantity of boiling acetic acid (ca. 3-51.). 2-Nitrobenzocinnoline- 
§-oxide separated on cooling in long pale yellow needles (18 g., 63°5%) which after 4 crystallisations had m. p. 269° 
(decomp.) (Found: 59-5; H, 3-1. C,,H,O,N; requires C, 59:7; H, 2-9%). 

3-Nitrobenzocinnoline-6-oxide.—The acetic acid solution from which the 2-nitro compound had crystallised was 
evaporated to ca. 100 c.c., and the solid which separated was crystallised successively from cyclohexanone, acetic acid and, 
finally, pyridine-ethanol. The pure 3-nitrobenzocinnoline-6-oxide (0-7 g., 2-5%) was obtained as pale yellow prisms, 
m. p. 226° (decomp.) (Found : C, 60-2; H, 3-2; N, 17-3. C,,H,O,N, requires C, 59-7; H, 2-9; N, 17-4%). 

2-Aminobenzocinnoline.—When 2-nitrobenzocinnoline-6-oxide (10 g., 1 mol.) was added to a solution of stannous 
chloride dihydrate (41 g., 1-1 mol.) in concentrated hydrochloric acid (200 c.c.) and the suspension warmed to 45°, an 
exothermic reaction, complete in 2 hrs., ensued. The dark orange product was collected, washed with concentrated 
hydrochloric acid and the 2-aminobenzocinnoline liberated by alkali as a lemon-yellow solid, crystallising from aqueous 
alcohol in long needles (6 g., 75%), m. p. 243° (decomp.) (Found: C, 73-9; H, 4-6; N, 21-7. C,,H,N, requires C, 73-8; 
H, 46; N, 216%). 2-Nitrobenzocinnoline-6-oxide, suspended in ethanol, was also reduced at 40°/70 atm. over Raney 
nickel in hydrogen. After one crystallisation the pure amino-compound was obtained in 80% yield. Solutions of the 
base in alcohol and ether exhibit an intense green fluorescence. Treatment with hydrochloric acid (15%) gave the hydro- 
chloride, a bright orange solid soluble in water and alcohol, insoluble in the acid, and showing in dilute solutions the 
fluorescence characteristic of the free base. The picrate crystallised from alcohol in orange needles, m. p. 265° (decomp.) 
(Found: 50-7; H, 3-1. C,,H,N3,C,H,O,N, requires C, 50-9; H, 2-8%). 

By heating 2-aminobenzocinnoline (2 g.) with acetic anhydride (2 c.c.) on a steam-bath for 1 hour, a solid mass was 
obtained which, after trituration with water (50 c.c.), was dissolved in boiling aqueous alcohol. 2-Acetamidobenzo- 
cinnoline (2-2 g., i) crystallised in thin pale yellow needles, m. p. 233° (decomp.) (Found: C, 70-5; H, 4:8. C,,H,,ON, 
requires C, 70-9; H, 46%). Its solutions do not exhibit fluorescence. 

2 : 2’-Diamino-5-acetamidodiphenyl.—The 2-acetamidobenzocinnoline (2 g.) in alcohol (150 c.c.) was hydrogenated 
over Raney nickel at 70°/70 atm. The residue obtained on evaporation of the filtered solution did not crystallise and 
was dissolved in alcoholic hydrogen chloride to which dry ether was added. 2 : 2’-Diamino-5-acetamidodiphenyl dihydro- 
chloride (2 g. 86%) separated as colourless deliquescent needles, which darkened in air, and after 3 crystallisations from 
alcohol-ether had m. p. 215° (decomp.) (Found after drying at 100°: C, 53:7; H, 5-4. C,,H,,ON;,2HCI requires 
C, 53:5; H, 5-4%). The product had the unusual property of a negative temperature—solubility coefficient. 

3-A cetamidocarbazole.—2 : 2’-Diamino-5-acetamidodipheny] (1-5 g.) was heated in a sealed tube with hydrochloric 
acid (30 c.c. of 15%) at 200° for 15 hours. Ether extraction of the basified solution gave an oil which, after addition of 
water to its solution in acetic anhydride, yielded impure 3-acetamidocarbazole (0-5 g., 35%). Repeated crystallisation 
from aqueous alcohol and, finally, from toluene gave the pure compound, m. P- 218° (Found: C, 75-0; H, 5-5; N, 12-6. 
Calc. for C,,H,,ON,: C, 75-0; H, 5-4; N, 12-5%). Hydrolysis with boiling dilute hydrochloric acid and addition of alkali 
gave 3-aminocarbazole (m. p. 240°). ; 

3-A minobenzocinnoline.—3-Nitro-benzocinnoline-6-oxide (2-5 g.) was reduced with stannous chloride and the product 
isolated as in the preparation of 2-aminobenzocinnoline. The product (1-5 g., 75%), after crystallisation from aqueous 
ethanol, gave 3-aminobenzocinnoline as bright orange needles, m. p. 194—195° (decomp.). This isomer could not be 
completely dehydrated below its decomp. point (Found after drying to constant weight: C, 72-3; H, 4-6; N, 20-7. 
C,,H,N;,}H,O requires C, 72-2; H, 4-8; N, 21-1%). 3-Aminobenzocinnoline is characterised by a bright blue hydro- 
chloride and dark brown picrate. Its fluorescence, though much weaker, resembles that of the 2-isomer. 

When warmed at 100° for 10 minutes with excess acetic, anhydride, the amine (0-5 g.) gave 3-acetamidobenzocinnoline 
(0-55 g., 92%) crystallising from dilute aqueous ethanol in pale yellow needles, m. p. 171—172° (decomp.). Like the 
parent amine this derivative remained partly hydrated even after prolonged drying (Found: C, 69-5; H, 4-7; N, 17-4. 
C,4H,,ON,,}H,O requires C, 69-6; H 4-8; N, 17-4%). 

Hydrogenation of the acetamido compound (0°5 g.) in alcohol (175 c.c.) over Raney nickel at 70°/70 atm. for 1 hour 
gave, after evaporation of solvent, an oil which was heated under pressure with ochloric acid (15 c.c. of 15%) at 
290° for 20 hours. Precipitation by alkali and crystallisation from aqueous alcohol and finally from toluene, gave a 
colourless solid, probably 2-aminocarbazole (Found: C, 79:1; H, 5-5. Calc. for C,H, 9N,:C, 79:1; H, 5-5%). 

Acet-(B-diethylaminoethyl)-anilide——Powdered sodamide (1°6 g., 1-1 mol.) was slowly stirred into a mixture of 


B-chloroethyldiethylamine (5-5 g., 1-1 mol.), acetanilide (5 g., 1 mol.) and dry toluene (50 c.c.). When addition was 
complete (15 minutes) the temperature was raised during 1 hour to 100° and, after 3 hours at 100°, the mixture was 
refluxed for 1 hour. The filtered solution was carefully extracted with hydrochloric acid (5%) and the oil, liberated by 
sodium carbonate, was distilled Tags acet-(8-diethylaminoethyl)-anilide (6 g., 73%) as a colourless viscous oil, b. p. 


167—169°/13 mm. Its methiodide, formed in ethanol, crystallised from alcohol-ether in small needles, m. p. 163—164° 
(Found : C, 47-6; H, 6-6; N, 7-3. C,,H,,ON,,Mel requires C, 47-9; H, 6-6; N, 7-5%). 

The acetyl compound (4 g.) was refluxed in concentrated hydrochldric acid (20 c.c.) for 2 hours, after which the 
solution was made alkaline and its ether extract distilled. The resulting £-diethylaminoethylaniline (3-5 g., 93%), 
b. p. 143°/13 mm., gave a monoxalate which separated from alcohol—ether in colourless needles, m. p. 96° (Found : C, 59-7; 
H, 7-9. C.sHgNg,C3H,O, requires C, 59°5; H, 7-9%). 

p-Toluenesulphon-(B-diethylaminoethyl)-anilide (cf. Clemo and Perkin, loc. cit.) —The —_— obtained from p-toluene- 
sulphonanilide (5 g.), B-chloroethyldiethylamine (3 g.) and sodamide (0-9 g.) in toluene (100 c.c.) under the same conditions 
as used for the acetyl compound gave p-toluenesulphon-(f-diethylaminoethyl)-anilide (6-2 g. 88%) as an oil characterised 
bya picrate pr | from ethanol in large yellow plates, m. p. 150° (Found : C, 52-2; H, 5-2. C,,H,,0,N,S,C,H,O,N, 
mp . ae : Pa -1%). Hydrolysis as described by Clemo and Perkin (Joc. cit.) gave the alkylaniline of b. p. 146°/15 

, In 79% yield. 
1 2-p-Toluenesulphonamidobenzocinnoline (III, R = p-SO,°C,H,-Me).—A mixture of 2-aminobenzocinnoline (2 g., 
mol.), p-toluenesulphonyl chloride (2-2 g., 1-1 mol.) and pyridine (2 c.c., 2°5 mol.) heated at 100° for 2 hours gave, on 
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pouring into water, a red oil which, when solid, was crystallised from aqueous acetic acid (charcoal). The pure 2-p-tolueny. 
sulphonamidobenzocinnoline formed pale buff needles (3-5 g., 86%), m. p. 230° (decomp.) (Found: C, 65°7; H, 44 
Ci9H,,0,N,S requires C, 65°4; H, 4:3%). x , 

2-p-T oluenesulphon-(B-diethylaminoethyl)-amidobenzocinnoline—The interaction of 2-p-toluenesulphonamidobenzo. 
cinnoline (4°5 g., 1 mol.), B-chloroethyldiethylamine (3 g., 1-7 mol.) and powdered sodamide (1 g., 2 mol.) in toluene 
(250 c.c.) finally at the b. p. for 7 hours, gave, by extraction of the filtered solution with hydrochloric acid (10%) ang 
basifying, a red oil which was crystallised from aqueous ethanol. Pure 2-p-toluenesulphon-(B-diethylaminoethyl)-amido. 
benzocinnoline (3 g., 52%) was obtained in colourless needles, m. p. 122—123° (Found: C, 69-9; H, 6-3. C,,H,,0,N,s 
requires C, 70-0; H, 62%). 

Treatment of the sulphonamide (III, R = p-SO,°C,H,*Me) with aqueous sodium hydroxide and crystallisation of the 
product from alcohol—ether gave the sodium salt '3 g.); this was refluxed in toluene with f-chloroethyldiethylamine 
(1-6 g., 1-5 mol.) for 15 hours and the yield of alkylated sulphonamide of m. p. 122—123° was 56%. 

2-B-Diethylaminoethylaminobenzocinnoline.—A solution of the toluenesulphonamide (3 g.).in sulphuric acid (90%, 
20 c.c.) left at 0° for 12 hours was poured into ice, basified with ammonia and extracted with chloroform. The extract 
was cleaned by passing through a column of alumina, and the product obtained on evaporation was dissolved in dry 
ether and treated with hydrogen chloride. The precipitated dihydrochloride gave hygrosc —_ orange needles (1-3 ¢, 
50%), m. p. 224—225° (Found after drying in a high vacuum at 100°: C, 58-4; H, 6-8. C,,H,N,,2HClI requires C, 58-9. 
H, 65%). A solution of picric acid in alcohol and the free base gave a dipicrate crystallising in small orange needles, 
m. p. 178—179° (decomp.) (Found: C, 47-6; H, 4-1; N, 18-8. C,,H,.N,,2C,H,O,N, requires C, 47-9; H, 3-7; H, 18-6%) 

2-y-Diethylaminopropylaminobenzocinnoline.—A mixture of sodio-2-p-toluenesulphonamidobenzocinnoline (6 ¢, 
1 mol.) and y-chloropropyldiethylamine (4 g., 1-8 mol.) (Magidson and Strukow, Arch, Pharm., 1933, 271, 569) was heated 
in boiling toluene (150 c.c.) for 15 hours. Extraction from the filtered solution with hydrochloric acid (10%) and basifying 
gave the 2-p-toluenesulphon-(y-diethylaminopropyl)-amidobenzocinnoline (7 g., 56%) which crystallised from ethanol- 
water in pale yellow slender prisms, m. p. 108—109° (Found :_C, 67-4; H, 6°5. C,H 9O,N,S requires C, 67-5; H, 6-5%), 

Hydrolysis of the sulphonamide (5 g.) with sulphuric acid (50 c.c. of 90%) at 0° gave $-y-diethylaminopropylamino. 
benzocinnoline of which the dihydrochloride (2-3 g., 58%) separated from alcohol-ether in hygroscopic dark red needles, 
m. p. 222° (Found: 59-5; H, 7-2; N, 14-6; Cl, 18-0. C,)9H,,.N,,2HClI requires C, 59-8; H, 6-8; N, 14-7; Cl, 18-6%). 


Dyson PERRINS LABORATORY, OXFORD. [Received, July 6th, 1945.) 





217. Synthesis of Diamino Sulphones. 


By Atan A. GOLDBERG. 


p-Aminophenyl f-aminoethyl sulphone and f-aminophenyl y-diethylaminopropyl sulphone have been 
repared for examination as bacterial inhibitors. Two attempted methods of preparing such compounds 
ve yielded anomalous results—viz., (i) sodium -acetamidobenzenesulphinate and diethylaminoethy]l 
chloride gave a and (ii) potassium -acetamidobenzenesulphinate 


and potassium ethanolamine sulphate yielded dithioacetanilide. 

In consequence of the high antibacterial activity of 4 : 4'-diaminodiphenylsulphone it was of interest to prepare 
analogues in which one of the phenyl nuclei was replaced by a short alkylene chain. It was thought that these 
p-aminophenyl w-aminoalkyl sulphones might possess the activity of the diaminodiphenylsulphone but have 
a lower toxicity. : 

Several synthetic routes to these compounds and their derivatives were investigated. (1) The addition of 
p-acetamidobenzenesulphinic acid to ethyleneimine did not give the required p-acetamidophenyl 6-aminoethy] 
sulphone although the addition of sulphurous acid to ethyleneimine readily yields taurine (Gabriel, Ber., 1888, 
21, 2667). (2) Treatment of p-acetamidophenylsulphony]l acetic acid * with hydrazoic acid by the method of 
Oesterlin and Schmidt failed to effect replacement of the carboxyl group. In view of the formation of taurine 
from $-sulphopropionic acid (Rumpf, Bull. Soc. chim., 1938, 5, 877) the failure of the «-sulphonyl] carboxylic 
acid to react with hydrazoic acid would indicate that the propinquity of the negative sulphonyl group inhibits 
the reaction; this would be in accordance with the observations of Rumpf that in converting the aliphatic 
dicarboxylic acids to the corresponding diamines the yields become progressively lower as the number of 
methylene groups decreases. (g) Although sodium ethanolamine sulphate reacts with sodium hydroget 
sulphite with production of taurine (Goldberg, J., 1943, 4) the interaction of sodium ethanolamine sulphate 
with sodium p-acetamidobenzenesulphinate in aqueous solution at 140° does not yield the desired p-acetamido- 
phenyl w-aminoethyl sulphone; reduction of the sulphinate takes place with formation of dithioacetanilide. 

It was found, however, that the condensation of sodium p-acetamidobenzenesulphinate with 6-bromoethyl- 
phthalimide gave p-acetamidophenyl 8-phthalimidoethyl sulphone in good yield. Hydrolysis of this with 
dilute alkali effected deacetylation without interference with the phthaloyl residue while hydrolysis with cot- 
centrated hydrochloric acid gave the required p-aminophenyl B-aminoethyl sulphone, conveniently isolated 
as its dihydrochloride. This compound, although it possesses a toxicity of a lower order than 4 : 4’-diamino- 
diphenylsulphone possesses little activity against Streptococcus aronson infections in mice. Similarly sodium 
p-acetamidobenzenesulphinate and §-bromoethylbenzamide readily yielded p-acetamidophenyl B-benzamidoethyl 
sulphone which on acid hydrolysis gave the same diamino sulphone. 

Interaction of sodium p-acetamidobenzenesulphinate with $-diethylaminoethy] chloride did not give the 
expected p-acetamidopheny] 8-diethylaminoethyl sulphone. Condensation readily takes place in dry isopropyl 


* This compound has been previously designated p-acetamidobenzenesulphonylacetic acid. The name now used is pre 


Eaiter) since it indicates that the compound is a derivative of a phenyl sulphone and not of a sulphonic acid. (Temporary 
r). ; 
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alcohol or xylene solution with production of af-bis-(p-acetamidophenylsulphonyl)ethane in excellent yield 
together with elimination of diethylamine. The identity of the product was confirmed by its preparation by 
two synthetic routes which leave no doubt as to its constitution: (a) the interaction of sodium p-acetamido- 
penzenesulphinate with ethylene dibromide and (b) the condensation of sodium p-acetamidobenzenesulphinate 
with sodium «®-dibromosuccinate with simultaneous decarboxylation by the method of Goldberg and Besly 
(this vol., p. 566). Itis remarkable that the anomalous reaction between sodium p-acetamidobenzene sulphinate 
and diethylaminoethyl chloride gives the «$-bis-(p-acetamidophenylsulphonyl)ethane in far higher yield than 
either of the two “ rational ’’ reactions for its synthesis: After this work had been completed, attention was 
drawn to F.P. 800,535 and B.P. 453,443, in which it is stated that the interaction of sodium p-acetamidobenzene- 
sulphinate and diethylaminoethy] chloride in the presence of excess of sodium ethoxide or a base such as diethyl- 
amine yields p-acetamidopheny] 8-diethylaminoethyl sulphone, m. p. 72°, while the condensation of the reactants 
in the absence of the sodium ethoxide or organic base gives ‘‘a compound m. p. 284° analysing for bis-(p- 
acetamidobenzene sulphonyl) ethane.’’ Later G.P. 702,064, of which the abstract only is available (Chem. Abs., 
1942, 36, 98), states that the interaction of sodium p-acetamidobenzenesulphinate with diethylaminoethyl 
chloride gives a compound, m. p. 284°, assumed by the patentees to be p-acetamidopheny] 8-diethylaminoethyl 
sulphone, but which would appear actually to be identical with the disulphone described above. 

A satisfactory explanation of the abnormality of this reaction is difficult to advance. On account of the 
ease with which diethylaminoethyl chloride quaternises to tetraethylpiperazinium dichloride there was the 
possibility that the reaction might take place, thus : 


+ H,-CHy + 

Et,N “ Ets + 2RSO,Na —> Et,N-CH,°CH,’NEt, + R-SO,°CH,°CH,’SO,R. 

—~ 
on a ci- 


This was discounted by diethylamine and not tetraethylethylenediamine being produced in almost theoretical 
amount and by the sodium sulphinate failing to condense with preformed NN-tetraethylpiperazinium chloride. 
A rational explanation of the reaction may be that in certain circumstances diethylaminoethyl chloride 
undergoes monomeric quaternisation with formation of diethylethyleneimine chloride and the latter effects 
alkylation of the sulphur, thus : 


CH,—CH, 


Et, 


This is in accordance with the experimental evidence that ca. 1 mol. of diethylamine is obtained from the re- 
action involving 2 mols. of the sulphinate. The alkylation of carbon, sulphur, and nitrogen with quaternary 
ammonium salts recorded by Snyder, Smith, and Stewart (J. Amer. Chem. Soc., 1944, 66, 202), Snyder and 
Speck (ibid., 1939, 61, 668, 2895), Hla Baw (Quart. J. Ind. Chem. Soc., 1926, 3, 101), Tarbell and Vaughan 
(J. Amer. Chem. Soc., 1943, 65, 231), and Rodionov (Bull. Soc. chim., 1926, 39, 305; 1929, 45, 109) would 
appear to support this hypothesis. It is, however, noteworthy that anomalous formation of bis(phenyl- 
sulphonyl)ethane derivatives in substantial yield has been reported by the interaction of sodium benzene- 
sulphinate (a) with 1 : 1 : 1-trichloroethane (Otto, Ber., 1899, 31, 1693); (b) with 1: 1 : 2-trichloroethane (Otto, 
Ber., 1894, 27, 3055) and (c) with sodium aa-dichloropropionate (Otto, Ber., 1886, 19, 1835; J. pr. Chem., 
1889, 40, 530) and it would accordingly appear that the -SO,-CH,-CH,’SO,—- complex is a highly stable 
grouping readily and preferentially formed by intermolecular rearrangement. 

Hydrolysis of «8-bis-(p-acetamidophenylsulphonyl)ethane with dilute acid yielded «-bis-(p-aminophenyl- 
sulphonyl)ethane ; this compound has a low toxicity but possesses no activity against streptococcal infections 
in mice. ' 

p-Aminophenyl y-diethylaminopropyl sulphone was prepared by a synthes&ic route suggested by Goldberg 
and Besly (loc. cit.). Alkylation of p-acetamidophenyl phenacyl sulphone with diethylaminoethyl chloride 
yielded the C-diethylaminoethy] derivative which on heating with dilute alkali is converted into benzoic acid 
amd p-aminophenyl y-diethylaminopropyl sulphone. This compound has very little activity against Strepto- 
coccus avonson infections in mice. 

EXPERIMENTAL. 


p-Acetamidophenyl B-Phthalimidoethyl Sulphone.—Anhydrous potassium p-acetamidobenzenesulphinate (23-7 g., 
01 mol.) and f-bromoethylphthalimide (25-5 g., 0-1 mol.) (Org. Synth., Coll. Vol. 1, 119) were refluxed together in amyl 
alcohol (250.c.c.) containing a trace of copper powder for 8 hours. The amyl alcohol was ans steam distillation 
and the residual insoluble material (24 g.) recrystallised from acetic acid when p-acetamidophenyl B-phthalimidoethyl sulphone 
Us §) “. 36%)" in colourless prismatic needles, m. p. 228—230° (Found: N, 7-5; S, 84. C,,H,,O,N,S requires 

_P-Aminophenyl B-Phthalimidoethyl Sulphone.—The above acetyl compound (10 g.) was refluxed with 5n hydrochloric 
100 c.c.) and ethanol (25 c.c.) for 45 minutes. The solution was filtered and, on cooling, p-aminophenyl B-phthali- 
ORE in nacreous flakes (6-6 g.), m. p. 200—202°. It was recrystallised from ethanol (Found: © 

f1,,0,N,S requires N, 8-5; S, 9°7%). 
henyl B-Aminoethyl Sulphone.—p-Acetamidophenyl f-phthalimidoethyl sulphone (20 g.) was refluxed with 
acid (400 c.c.) for 12 hours. Phthalic acid was removed from the cooled solution and the filtrate 
pe ree under reduced pressure to small volume. Sufficient warm water was added to effect solution, the pH value 
justed to 8-0 with 2n sodium hydroxide and the solution evaporated to dryness. The residue was extracted with a 
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boiling mixture of alcohol and acetone (ca. 800 c.c.), the insoluble material removed and the solution evaporated to 
ys Spay on the water-bath under reduced pressure. The colourless residue was dissolved in boiling absolute alcohol 
(120 c.c.), filtered and hydrogen chloride passed in, a thick white precipitate appearing. A few drops of water were 
added to effect complete solution at the boiling point; on cooling, p-aminophenyl B-aminoethyl sulphone dihydrochloride 
separated in colourless small plates (8-8 g.), m. p. 234—-236°. A sample, recrystallised from 98% ethanol containing 
a few drops of alcoholic hydrogen chloride, had m. p. 238—240° (Found in material dried at 100°/1 mm.: 
Cl, 26-2; N, 10-4; S, 11-4. C,H,,0,N,C1,S requires Cl, 26:0; N, 10-2; S, 11-7%). An aqueous solution of this dihydro. 
chloride was treated with 5n sodium hydroxide and extracted several times with ether and the ethereal extract dried 
with sodium sulphate. On evaporation to small volume p-aminophenyl B-aminoethyl sulphone was obtained in almost 
theoretical amount in colourless long needles, m. p. 120—122° (Found: N, 14:3. C,H,,0,N,S requires N, 14-0%). 

p-Acetamidophenyl B-Benzamidoethyl Sulphone.—f-Bromoethylbenzamide was obtained by the simultaneous addition 
of benzoyl chloride (76 g.) and 5n sodium hydroxide (220 c.c.) to a stirred ice-cold solution of B-bromoethylamine hydro. 
bromide (102 g.; Cortese, J. Amer. Chem. Soc., 1936, 58, 191) in water (200 c.c.). After stirring for 1 hour the solid was 
collected, washed with water, dried in vacuo and recrystallised from benzene-ligroin (250 c.c.) ; yield 94g. Thecolourless 
needles had m. p. 100—102° (Found: N, 6-4; Br, 34:8. Calc. for C,H,,ONBr: N, 6-2; Br, 35-°0%). §-Bromoethy)- 
benzamide (22 g.) and anhydrous sodium -acetamidobenzenesulphinate (22 g.) were refluxed with xylene (150 c.c,) 
containing a trace of copper powder for 5 hours. After removal of the xylene in steam the residual oil solidified (22 ¢)) 
and was recrystallised twice from dilute alcohol. p-Acetamidophenyl B-benzamidoethyl sulphone (11 g.) was obtained in 
colourless long needles, m. p. 218—220° (Found: N, 8-3; S, 9-2. C,,H,,0,N,S requires N, 8-1; S, 9°3%). 

This sulphone (5 g.) was refluxed with alcohol (30 c.c.) and 5N sodium hydroxide (15 c.c.) for 1} hours. The alcohol 
was distilled off on the water bath under reduced pressure and the residue cooled with ice. The separated p-aminopheny| 
B-benzamidoethyl sulphone (4 g.) was recrystallised from 80% alcohol and obtained in clusters of colourless needles, m. p, 
172—174° (Found: N, 9-4; S, 10-3. C,;H,,0,N,S requires N, 9-2; S, 10-5%). ; 

Hydrolysis of the p-acetamidophenyl £-benzamidoethyl sulphone with boiling 10N hydrochloric acid in the same 
manner as the above phthalimido-compound gave p-aminophenyl f-aminoethyl sulphone dihydrochloride. 

aB-Bis-(p-acetamidophenylsulphonyl)ethane.—Method 1. f-Diethylaminoethyl chloride hydrochloride (43 g., 0-25 
mol.) was added to ice-cold 10N sodium hydroxide (250 c.c.) and the resulting liquid extracted three times with ether 
(500 c.c. in all). After drying with anhydrous potassium carbonate the ether was removed taking care that the temper- 
ature never exceeded 45—50°. When the residual trace of ether was removed under reduced pressure the yield of B-diethyl- 
aminoethyl chloride found to be 95—98% of theory. The base was dissolved in anhydrous isopropyl alcohol (350 c.c.) 
and the solution refluxed with anhydrous sodium p-acetamidobenzenesulphinate (44-1 g., 0-2 mol.) and a trace of copper 
powder for 4 hours, The suspension gradually changed in appearance and at the end of this period the liquid was filled 
with a voluminous crystalline solid. The alcohol was removed by steam distillation, the residual insoluble af-bis-(p- 
acetamidophenylsulphonyl)ethane (34 g.) collected, washed with water and dried. A sample recrystallised from a large 
volume of boiling 95% acetic acid or from aqueous pyridine gave the pure compound in the form of colourless felted 
needles, m. p. 282—-284° (Found: C, 51-2; H, 4:9; N, 6-4, 6-6; S, 15-0, 15-1. . C,,H,,.O,N,S, requires C, 51-0; H, 47; 
N, 6-6; S, 151%). Four different preparations gave the compound in substantially the same yield, having the same 
m. p. and yielding the same analytical results. The disulphone was also obtained in approximately the same yield when 
anhydrous amyl alcohol was used in place of isopropyl alcohol and in rather less yield when a mixture of toluene and 
benzene (7:: 1) was used as diluent. 

Method 2. Anhydrous sodium p-acetamidobenzenesulphinate (44-2 g.) was refluxed with a solution of ethylene 
dibromide (37-6 g.) in dry xylene (300 c.c.) in the presence of a trace of copper powder for 44 hours. The xylene and 
excess ethylene dibromide were removed in steam and the residual insoluble solid (7-2 g.) collected. On recrystallisation 
from a large volume of boiling 95% acetic acid, the af-bis-(p-acetamidophenylsulphony!)ethane was obtained in clusters 
* rpg ae) m. p. 284—286°, identical (mixed m. p.) with the product obtained by the first method (Found: 

, 65; ci 5- % . 

Method 3. -Acetamidobenzenesulphinic acid (20 g.; 0-1 mol.) and af-dibromosuccinic acid (13-8 g., 0-05 mol.) 
were suspended in water (40 c.c.) and 5N potassium hydroxide (40 c.c:, 0-2 mol.) added; the pH value was adjusted to 
7-0—7-5 by the addition of traces of sulphinic acid or n/100 potassium hydroxide and the clear solution refluxed for 
18 hours. The heavy insoluble precipitate (4-8 g.) was recrystallised from 90% acetic acid or 90% dioxan and the 
af-bis-(p-acetamidophenylsulphonyl)ethane obtained in colourless needles (3-4 g.), m. p. 284—286°, identical (mixed m. p.) 
with the compound obtained by the two previous methods (Found : N, 6-5; S, 14-9%). : ; 

Identification of the other product of the reaction between sodium p-acetamidobenzenesulphinate and B-diethylaminoethyl 
chloride. (i) Thereaction was carried out asin method 1, using the same quantities, care being taken to avoid loss of vola 
material, and the contents of the flask then slowly distilled in steam.- The distillate (1800 c.c.) required 9-5 c.c. of 10N 
hydrochloric acid (0-095 mol. for neutralisation to phenolphthalein). This solution was made strongly acid with 10x 
hydrochloric acid and evaporated to small volume to remove the isopropyl alcohol (A). The cooled solution was then 
made strongly alkaline with 5n sodium hydroxide, and a strong odour of diethylamine was noticed. An acetone solution 
of p-toluenesulphonyl chloride, together with sufficient 5N sodium hydroxide to maintain an alkaline reaction, was added 
with shaking. After $ hour, the liquid was neutralised with dilute hydrochloric acid, the acetone removed on the water- 
bath, and, after chilling, the solid (4-1 g.) collected. It was recrystallised from dilute alcohol and obtained in colourless 
short prisms, m. p. 60—62° and identified as p-toluene-N N-diethylsulphonamide (Found : N, 6-0; S, 14:1. Calc. for 
C,,H,,0,NS: N, 6-2; S, 14-1%), proving the volatile amine to be diethylamine. c - 

(ii) The procedure was the same as the foregoing except that the liquid (A) was chilled, basified with 10n sodium 
hydroxide and extracted several times with ether. The ethereal extract was dried with potassium carbonate and the 
ether slowly distilled into an ice-cooled receiver. The residual oil (2-5 g.) had b. p. 160—162° and was identified as 
B-diethylaminoethanol by conversion into diethylaminoethy] chloride hydrochloride, m: p. and mixed m. p. 204—206, 
by refluxing with thionyl chloride. The clear ethereal distillate was saturated with hydrogen chloride, the white precip 
itate collected and recrystallised from a mixture of alcohol, acetone, and methyl ethyl ketone. Diethylamine hydro- 
chloride (4-5 g.) was obtained in the characteristic nacreous flakes, m. p. 220—222° alone and in admixture with onthe 
material (Found: Cl, 32-6; Cl’, 32-5. Calc. for C,H,,NC1: Cl, 33.5%). Two further experiments gave 4°6 g. a0 
45g. respectively of recrystallised diethylamine hydrochloride, m. p. 220—222°, each yielding the same analytical results. 

aB-Bis-(p-aminophenylsulphonyl)ethane.—The above diacetyl compound (7 g.) was heated with acetic acid (200 c.c.) 
and 10n hydrochloric acid (100 c.c.). The compound rapidly dissolved and, in a short time, a precipitate began to appear. 
The liquid was vigorously refluxed for 4 hours, cooled, and the solid collected on sintered glass. This was suspended in 
boiling water (ca. 800 c.c.) and hydrochloric acid added until the material dissolved ; the solution was then filtered (chat- 
coal) and allowed to cool slowly. af-Bis-(p-aminophenylsulphonyl)ethane dihydrochloride was deposited in long newer + 
less needles which were collected, washed with ether and dried under reduced pressure (4-9 g.); m. p. 330 ae 
N, 6-9; Cl, 17-1; S, 15-3; M by titration, 415. C,,H,,O,N,CI,S, requires N, 6-8; Cl, 17-2; S, meg M, 413). 
dihydrochloride (4 g.) was ground to a fine powder, boiled with excess of aqueous ammonia, the base collected an 
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recrystallised from 90% dioxan (ca. 350 c.c.) when af-bis-(p-aminophenylsulphonyl)ethane was obtained (2-6 g.) in small 
colourless prisms, m. p. 316—320° (Found: N, 8-3; S, 18-7, 19-0. C,,H,,0,N,S, requires N, 8-2; S, 18-8%). 

The hydrolysis was also effected by refluxing the diacetyl compound (5 g.) with 95% acetic acid (200 c.c.) and sulphuric 
acid (25 c.c.) for 14 hours. The initially clear solution soon began to deposit crystals. The mixture was cooled, the 
separated precipitate boiled with 50% aqueous ammonia and the free base collected. It was recrystallised from a large 
yolume of 90% dioxan and gave the diamino disulphone in colourless small needles, m. p. 312—316°, identical with the 
above di-amino sulphone (Found: S, 18-6%). : . ey 

Tetraethylethylenediamine.—This compound was prepared in the course of identifying the by-product in the above 
reaction and, since no satisfactory method of preparation appears to be described in the general literature, the methods 
used in the present investigation are recorded. (i) B-Diethylaminoethyl chloride hydrochloride (34-4 g., 0-2 mol.) was 
converted to the free base as described above and the ether completely removed under reduced pressure at a temperature 
not exceeding 45°. The residual oil (26 g.) was dissolved in dry benzene (40 c.c.) and diethylamine (22 g., 0-3 mol.) and 
the solution heated in a pressure bottle at 100° for 30 hours. The cooled reaction product was added to an excess of 
cold 10N sodium hydroxide, the mixture extracted four times with ether and the ethereal solution dried with potassium 
carbonate. The ether was removed and the residual oil distilled, tetraethylethylenediamine being obtained (22 g., 60%) 
as a mobile oil, b. p. 78°/11 mm., 83°/14 mm., and 60—62°/6 mm. A sample was dissolved in anhydrous ethyl alcohol 
and hydrogen chloride passed into the solution. Dry acetone was then added and, from the ice-cold solution, tetraethyl- 
ethylenediamine dihydrochloride separated in colourless hard cubes. These, after washing with dry ether and drying 
at $0°/2 mm., had m. p. 184—186° (Found: Cl, 28-9. Calc. for C,H,,N,,2HC1: Cl, 290%). (ii) A solution of ethylene 
dibromide (37-6 g.; 20 c.c.) and diethylamine (37 g.; 54 c.c.) in benzene (75 c.c.) was heated in a closed bottle in the 

resence of a trace of copper powder for 30 hours. The product, isolated as described above, was tetraethylethylene- 


diamine (24 g.), b..p. 83—85°/15 mm. and 188—190°/760 mm. 


Condensation of Potassium p-Acetamidobenzenesulphinate with Potassium Ethanolamine Sulphate.—Dithioacetanilide. 
p-Acetamidobenzenesulphinic acid (100 g., 0-5 mol.) and ethanolamine sulphate (70-5 g., 0-5 mol.) (Goldberg, J., 1942, 
716) were dissolved in 1-66N potassium hydroxide (606 c.c., 1-0 mol.) and the strongly alkaline solution heated in 
an iron autoclave at 140° for 26 hours; the pressure developed was 50 lbs./sq. in. The resulting product was filtered and 
the deep chocolate-coloured insoluble material well washed into the filtrate; the filtrate and washings (1200 c.c.) had a 
pH value of 6-6. The insoluble material (94 g.) was refluxed with 90% alcohol (1 litre) containing aqueous amimonia 
(20 c.c.) and the boiling mixture filtered. The alcoholic filtrate on cooling precipitated long colourless needles (19 g.) and 
re-extraction of the residue with 90% alcohol gave a further quantity (total, 26 g.). The insoluble black residue (52 g.) 
was not further investigated. The colourless crystals were recrystallised from dilute alcoho] and identified as dithio- 
acetanilide (18 g.).. The colourless long needles had m. p. 182—-184° when lightly packed in the melting point tube and 
216—218° when ground previously to insertion in the tube or placed in the tube and ground with a fine glass rod (Found : 
N, 82; S, 19-1. Calc. for C,,H,,0,N,S,: N, 8-4; S, 193%). The lower and higher melting forms correspond with the 
a- and B-dimorphic forms described by Hinsberg (Ber., 1906, 39, 2427) and Zincke and Jérg (ibid., 1909, 42, 3374). 

Dithioaniline. The foregoing dithioacetanilide (15 g.) in alcohol (50 c.c.) and 10n hydrochloric acid (50 c.c.) was 
refluxed on the water-bath for 1 hour by which time the liquid was filled with a heavy white crystalline precipitate. After 
cooling, the crystals (14 g.) were collected and recrystallised from methanol—ethanol containing a little hydrochloric acid. 
Dithioaniline dihydrochloride was obtained in colourless prismatic needles, m. p. 240—242° (softening at 234°) [Found : 
Cl, 21:8; S, 19-7%; M (titration) 325. Calc. for C,,H,,N,S,,2HC1: Cl, 22-1; S, 19-9%; M,321). When this dihydro- 
chloride was dissolved in water and the solution made alkaline with cold 10N sodium hydroxide an oil separated and 
rapidly solidified. This was recrystallised from dilute methanol—ethanol and the dithioaniline obtained in good yield 
in long lemon-yellow needles, m. p. 78—80°, which were very soluble in ether (Found: N, 11-0; S, 25-6. Calc. for 
CisH1.N,S,: N, 11-3; S, 25-8%). . 

p-Aminophenyl y-Diethylamino-n-propyl Sulphone.—p-Acetamidophenyl phenacyl sulphone (15-85 g., Goldberg and 
Besly, Joc. cit.) was added to a solution of sodium (1-15 g.) in anhydrous ethanol (120 c.c.) and the clear solution refluxed 
for 30 minutes. Diethylaminoethyl chloride (21 g., b. p. 55°/25 mm.) was added ¢o the clear warm solution, the 
mixture allowed to stand for 2 hours at 40° with frequent shaking and'then refluxed for 6 hours. When the filtered 
solution was evaporated to small volume and water added the alkylated product separated as a thick oil which could 
not be induced to crystallise. This oil was soluble in dilute acid and dilute alkali and also had an appreciable solubility in 
water. The oil was refluxed with alcohol (100 c.c.) and 5n sodium hydroxide (100 c.c.) for 2 hours, the solution adjusted 
to pH 7-2 with hydrochloric acid and the alcohol distilled away. The cooled solution was made strongly alkaline with 10N 
sodium hydroxide, the precipitated oil separated and extracted exhaustively with ether. The yellow ethereal solution 
was dried with potassium carbonate and the ether removed., Crude p-aminophenyl y-diethylaminopropy] sulphone (6-1 g.) 
remained as thick oil which would not solidify. It was dissolved in alcohol (60 c.c.), the solution saturated with hydrogen 
chloride and filtered (charcoal) while boiling. On cooling, p-aminophenyl y-diethylaminopropyl sulphone dihydrochloride 
separated in microcrystalline aggregates, m. p. 180—-186° (decomp.). These were hygroscopic and could not be obtain ed 
ntoxide at 80°/1 mm. when there was slight loss of 
Cl,S requires N, #1; Cl, 20-7; S, 9-3%). 


analytically pure; for analysis they were dried over phosphorus oy 
2 


hydrogen chloride (Found : N, 7-8; Cl, 19-1; S, 10-0. C,,H,,O0, 
The author thanks Mr. D. M. Besly, B.A., B.Sc., for the 4 yoo of the -aminophenyl £-phthalimidoethyl sulphone, 
Mr. H. S. Jeffries, B.Sc., for the biological tests and Mr. R. E. Selway for some of the analyses. 
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218. Derivatives of 1-Azanthraquinone. Part I. 
By G. R. CLEmMo and G. W. DRIver. 


_ 1-Azanthraquinone (II) and 9-chloro-l-azanthracene (I) have been prepared by the method of E.P. 427,485 
involving a Skraup reaction on 1-chloro-2-naphthylamine and their nitration and bromination studied. 9: 10- 
Dichloro-1-azanthracene is readily prepared by chlorination of I. The 5- and 6-bromo-1-azanthraquinones have 
been synthesised but attempts to prepare 8-bromo- and 5-, 6-, and 8-nitro-l-azanthraquinones failed. 


ALtHouGH l-azanthraquinone (II) has been known since 1894, except for two I.G. Farbenindustrie patents 
(G.P. 597,833 and E.P. 427,485) which give few details of physical constants, no detailed examination of its 
Properties has been made. Several syntheses have been recorded (Philips, Ber., 1894, 27, 1923; Braun and 
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Gruber, Ber., 1922, 55, 1710; 1I.G. Farbenindustrie, Joc. cit.; Braun and Nelles, Ber., 1937, 70, 1760) but only 
the 1.G. Farbenindustrie method, for which no yield is recorded, appears suitable for the preparation of 
quantity of the base. 
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A 25% yield of 9-chloro-1-azanthracene (I) has been obtained by the present authors by this method from 
1-chloro-2-naphthylamine together with about an equal amount of 5 : 6-benzquinoline {III) which is formed by 
elimination of the chlorine atom during the Skraup reaction. Oxidation of 9-chloro-l-azanthracene to 
l-azanthraquinone takes place quantitatively with chromic anhydride in acetic acid solution. 

9-Chloro-1l-azanthracene is brominated and chlorinated in the 10-position giving dihalogeno compounds, the 
identity of these being proved by oxidation to l-azanthraquinone. Further chlorination could not be induced, 
but vigorous bromination gives a dibromo-derivative of 9-chloro-l-azanthracene which oxidised to a monobromo- 
derivative of l-azanthraquinone identical with the product obtained by the direct bromination of 
l-azanthraquinone. ; 

9-Chloro-l-azanthracene is readily nitrated in glacial acetic acid to give 9-chloro-10-nitro-1-azanthracene, the 
identity of which was proved by oxidation to l-azanthraquinone. Under more vigorous conditions of nitration 
a mononitro-derivative of 1-azanthraquinone was formed. 

Nitration of l-azanthraquinone under mild conditions gave a mononitro-derivative of 1-azanthraquinone, 
m. p. 215—218°, identical with that obtained by nitrating 9-chloro-l-azanthracene. Nitration of 1-azanthra- 
quinone under vigorous conditions gave a mononitro compound, m. p. 180—181°, and traces of another, m. p. 
215—217°. On acid reduction the nitro compounds gave amino-l-azanthrones while l-azanthraquinone gave 
l-azanthrone, and with sodium sulphide amino-1l-azanthraquinones were obtained in good yield. 

In order to prepare l-azanthraquinone derivatives of known orientation the following series of reactions 
was carried out to obtain the required intermediates : 


Cl 


cl 
€ 4m See $9 
gett O, O; "i O, 


OO" 
eee NO," O,N Cl 
ay HAc : Sk ; 


Proof that chlorination had taken place in the 1-position was obtained in the case of the 6- and 8-nitro-]- 
chloro-2-naphthylamines by de-amination to the corresponding nitro-1-chloro-naphthalenes both of which are 
known, and in the case of 6-nitro-l-chloro-2-naphthylamine the compound was converted to the known 
1 : 6-dichloro-naphthalene as follows : 


Cl Cl ; Cl 
+ QO + mo + a0 


An attempt to prepare 7-nitro-2-naphthylamine by the following series of reactons was abandoned as poor 
yields were obtained at the decarboxylation stage :— 


HO,C CO,H HO,C CO,H 


NO, O 3 NO NH 
~ mie = "OO" = "OO" 


Of the three nitro-1-chloro-2-naphthylamines prepared, only the 6-nitro compound however gave any of the 
required 9-chloro-1-azanthracene derivative by the Skraup reaction and the 9-chloro-6-nitro-1-azanthracene thus 
obtained could not be oxidised to 6-nitro-l-azanthraquinone. 

Since the completion of this work Gerhardt and Hamilton (J. Amer. Chem. Soc., 1944, 66, 479) have described 
the preparation of 9-chloro-l-azanthracene by the same method as the present authors (U.S.P. 2,003,596 is 
equivalent to E.P. 427,485) but by using a modified method of extraction they obtained a better yield (34%): 
They also obtained 9 : 10-dichloro-l-azanthracene in much improved yield (71%), and, as these authors have 
described the preparation of 1-chloro-5-nitro-2-acetamidonaphthalene and the corresponding 6-nitro- and 
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g-nitro-compounds, these are not described here. The method of orientation differs from that of the present 
authors and it is claimed that 9-chloro-5-nitro-, 9-chloro-6-nitro-, and 9-chloro-8-nitro-l-azanthracenes were 
obtained from these intermediates; but attempts by the present authors to repeat this in the case of the 
5-and 8- isomers have failed. In addition, Gerhardt and Hamilton (loc. cit.) describe the nitration of 9-chloro-1- 
azanthracene in nitric acid at — 18° as taking place in the 5- and 8-positions and not in the meso-position. Thus 
three different nitration products of 9-chloro-l-azanthracene, viz., the 5-nitro-, the 8-nitro-, and the 10-nitro- 
derivative, as well as a mononitro-derivative of l-azanthraquinone, are obtained (see below). 

As the nitro-derivatives of .1-chloro-2-naphthylamine are liable to reduction in the course of the Skramp 
reaction (giving diamino-derivatives of 1-chloronaphthalene and hence undesirable by-products) it was considered 
that the corresponding bromo-derivatives of 1-chloro-2-naphthylaminé would be more suitable intermediates 
for the preparation of substituted l-azanthraquinones of known constitution. 1+Chloro-6-bromo-2-naphthyl- — 
amine was prepared by bromination of 1-chloro-2-naphthylamine (Armstrong and Rossiter, Chem. News, 63, 137) 
and it gave a 5% yield of 9-chloro-6-bromo-l-azanthracene which oxidised readily to 6-bromo-l-azanthra- 

(G.P. 597,833). The 5- and 8-bromo-derivatives of 1-chloro-2-naphthylamine were obtained as 


Cl cl Cl 
CS 20 | SS ag | oe : 
. NH, r r 


O.N Cl ‘HAN Cl Br Cl Br Cl 
NHAc —> NHAc —> NHAc —> H, 


The reduction of the nitro compounds without hydrolysis of the acetamido group was accomplished by 
the use of etched iron in neutral solution. 1-Chloro-5-bromo-2-naphthylamine gave 9-chloro-5-bromo-1- 
asanthvacene by the Skraup reaction and this was oxidised to 5-bromo-1-azanthraquinone, but 1-chloro-8-bromo- 
?-naphthylamine gave only 6’-bromo-5 : 6-benzquinoline. 


EXPERIMENTAL. 


9-Chloro-l-azanthracene was prepared by the method of E.P. 427,485 and the crude material fractionated under 
reduced pressure, giving 9-chloro-l-azanthracene, b. p. 190—195°/2 mm., as almost colourless plates, m. p. 141° from 
ligroin (Found : C, 73-8; H,3-7. Calc. for C,3H,NC1: C, 73-2; H, 37%). Its picrate crystallised in yellow prisms from 
alcohol, m. p. 206° (Found: C, 51-3; H, 3-1. Calc. for C,,H,,0O,N,Cl: C, 61-5; H, 25%). 5: 6-Benzquinoline (III) 
had b. p. 170—172°/2 mm., m. p. 94°, and its picrate had m. p. 2§1.—-252°. 1-Azanthraquinone was obtained in theoretical 
yield, by oxidation of 9-chloro-l-azanthracene (E.P. 427,485) with chromic oxide in acetic acid, as pale yellow needles, 
m. p. 276°, from ethanol or chlorobenzene (Found : C, 75-1; H, 3-7; N,6-4. Calc. forC,,H,O,N : C, 74-6; H, 3-4; N, 6-7%). 

Nitvation of 9-Chlovo-1-azanthracene.—(a) 9-Chloro-10-nitro-1-azanthracene. 9-Chloro-1-azanthracene (0-5 g.) in 


sublimed under reduced pressure to give bright yellow needles having the same m. p. (Found: C, 60-3; H, 3-0. 
C,,H,0,N,Cl requires C, 60-3; H, 2-7%) ; on oxidation with chromic anhydride in acetic acid solution it was converted into 
]-azanthraquinone, thus proving the orientation of the compound. (b) 9-Chloro-l-azanthracene (1 g.) was refluxed with 
nitric acid (10 c.c., d 1-5) for 20—-24 hours. Excess nitric acid was then distilled off and the liquid diluted with water and 
made alkaline. The precipitated nitro compound was filtered off, washed with water, dried and recrystallised from 
chloroform or dilute acetic acid and sublimed under reduced pressure giving a red powder (40%), m. p. 215—218° 
(Found : C, 61-5; H, 2-8. - Calc. for C,,H,O,N; : -4; H, 2-4%). 

9-Chloro-10-bromo-1-azanthracene.—9-Chloro-l-azanthracene (0-6 g.) was dissolved in carbon tetrachloride (15 c.c.) 
and bromine (0-1 c.c.) in carbon tetrachloride (1-25 c.c.) added. After refluxing gently for an hour the liquid was cooled 
and the separated solid (03 g., 43%) collected and recrystallised from alcohol, changing from red to yellow. It 
had m. p. 190° (Found: total halogen, 39-2. C,,H,NCIBr requires 39-5%). The compound was oxidised readily with 
chromic anhydride in acetic acid solution being converted into l-azanthraquinone, thus proving it to be substituted only 
in the meso positions. : 

9-Chloro-10 ; ?-dibromo-1-azanthracene.—9-Chloro-l-azanthracene (1 g.) was dissolved in carbon tetrachloride (30 c.c.) 
and bromine (1-5 g.) in carbon tetrachloride (5 c.c.) added. A bright red solid was yore se geen and, after being heated on 
a water-bath for 1 hour and cooled, this was separated and recrystallised from alcohol giving yellow needles which 


sublimed under reduced pressure as bright yellow needles, m. p. 224—-227° (1°3 g., 74%) (Found: C, 42-1; H, 1-9. 
was requires C, 42-0; H, 1-6%). 


$13 215°). The identity of the compound was proved by 


drop 
Pe the mononitro compound 


piese Compounds were identical. tb) 
nitric acid (10 c.c., d 1-5), sulphuric acid (5 c.c., 98%) and potassium nitrate (5 g.) for 20—24 hours; the mixture was 
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and chromic anhydride (0-1 g.) added slowly. After heating at 100° for 3 hours the solution was poured into water, the 
yellow solid filtered off, recrystallised from alcohol and sublimed in a vacuum giving bright yellow needles (0-06 ¢.), M. p, 
241°, identical with that obtained above (Found: Br, 27-5. C,;H,O,NBr requires Br, 27-8%). , 

5-Bromo-1-azanthraquinone.—(a) 1-Chloro-5-nitro-2-naphthylamine, prepared by chlorination of 5-nitro-2-acet. 
amido-naphthalene (Gerhardt and Hamilton, /oc. cit.) followed by hydrolysis with alcoholic hydrogen chloride, crystalliseg 
from a ag 1% = orange needles (m. p. 164°) from alcohol (Found: C, 53-9; H, 3-4. CygH,O,N,CI require 
C, 53-9; ,v ‘O/* 

(b) 1-Chloro-5-amino-2-acetamidg-naphthalene. Iron filings (60 g.) in alcohol (100 c.c.) were vigorously stirred and 
hydrochloric acid (20 c.c., d 1-18) added. After half an hour the alcohol was refluxed gently for a further 15 minutes ang 
then decanted and the etched filings washed twice with water. 1-Chloro-5-nitro-2-acetamido-naphthalene (15 g., 
dissolved in hot alcohol (450 c.c.), was then added to the wet filings and the solution refluxed with vigorous stirring for 
3 hours and filtered. On cooling, the filtrate deposited colourless needles of 1-chloro-5-amino-2-acetamidonaphthalem 
(10-9 g., 81%; m. p. 193°) (Found: C, 60-8; H, 3-9; N, 11-5. C,,H,,ON,Cl requires C, 61-4; H, 4-7; N, 11-99%), 

(c) 1-Chloro-5-bromo-2-acetamidonaphthalene. 1-Chloro-5-amino-2-acetamidonaphthalene (10-5 g.) was dissolved 
in acetic acid (120 c.c.) by warming and’ then cooled rapidly with stirring to 5°. Sodium nitrite (3-15 g.) was finely 
powdered and added slowly to well cooled sulphuric acid (20 c.c., d,1-84) with stirring and then warmed to 70° until the 
nitrite had dissolved. This solution was also cooled to 5° and the solution of the amine gradually added to it with 
vigorous stirring at 5°. The solution was allowed to stand at room temperature for } hour, and added to a solution of 
cuprous bromide (8-6 g.) in hydrobromic acid (15c.c.,d 1-5). The resulting mixture was warmed on a water-bath for half 
an hour, nitrogen being evolved. Most of the acetic acid was then removed under reduced pressure at 100° and the 
residue poured into water (200 c.c.). 1-Chloro-5-bromo-2-acetamidonaphthalene was precipitated as a white solid, 
separated, washed with water and crystallised from alcohol (charcoal) giving white plates (5-8 g., m. p. 185°) (Found: 
C, 48:9; H, 2-7; N, 5-0. C,,H,ONCIBr requires C, 48-3; H, 3-0; N, 4:7%). > 

(d) 1-Chloro-5-bromo-2-naphthylamine. The acetyl compound (5-8 g.) was hydrolysed by boiling with alcohol (90 c.c/ 
and hydrochloric acid (12-5 c.c., d 1-18) for 14 hours. The solution was then made alkaline and half the alcoho! removed. 
On cooling, the free amine separated as white needles (4-75 g., m. p. 136°) (Found : C, 46-7; H, 2-6; N, 5-9. C,,H,NCIBr 
requires C, 46-8; H, 2-7; N, 55%). 

(e) 5-Bromo-l-azanthraquinone. 1-Chloro-5-bromo-2-naphthylamine (2-5 g.) was dissolved in sulphuric acid (25 cc, 
66%) by heating and glycerol (2-5 g.) added. Sodium m-nitrobenzenesulphonate (3-7 g.) was added in portions over} 
hour to the gently boiling solution which was then boiled for a further 5 hours, poured into water and made alkaline. 
The black tar was separated, washed, dried and extracted with ligroin (b. p. 80—100°). After removal of most of the 
solvent brown plates (0-5 g.) were deposited on cooling. These were dissolved in acetic acid (10 c.c.), chromic anhydride 
(1 g.) added and the solution heated at 100° for 2 hours. The yellow precipitate obtained on pouring into water was 
separated and crystallised from alcohol giving pale brown crystals which separated into two fractions on sublimation ina 
vacuum, bright yellow needles of 5-bromo-l-azanthraquinone (0-1 g.; m. p. 268°) (Found: C, 54-6; H, 2-2; N, 52 
C,,H,O,NBr requires : C, 54-2; H, 2-1; N, 4.9%) and colourless crystals (0-3 g., m. p. 122°) of 3’-bromo-5 : 6-benzquinolim 
(Found: C, 60-2; H, 3:2; N, 5-4. C,,H,NBr requires C, 60-4; H, 3-1; N, 5-4%). 

9-Chloro-6-nitro-l-azanthracene. 1-Chloro-6-nitro-2-naphthylamine, obtained by chlorination of 6-nitro-2-naphthyl 
amine (Gerhardt and Hamilton, Joc. cit.) followed by hydrolysis with alcoholic hydrogen chloride, crystallised from 
alcohol in orange-red needles, m. p. 220° (Found: C, 53-4; H, 2-8. C,H,O,N,Cl requires C, 53-9; H, 3:1%). 
Under the same conditions as for the preparation of 5-bromo-l-azanthraquinone the amine gave a trace of 9-chloro-+ 
nitro-l-azanthracene subliming undef reduced pressure in yellow needles, m. p. 240° (Found: C, 60-4; H, 32 
C,,;H,O,N,Cl requires C, 60-3; H, 2-7%). This could not be oxidised to the corresponding quinone. 

6-Bromo-l-azanthraquinone (E.P. 427,485; Example 4) was obtained in yellow needles (6%), m. p. 259° (Found: 
C, 53-2; H, 2-2; N, 5-1. Calc. for C,,H,O,NBr: C, 54:2; H, 2-1; N, 49%) from-d-chloro-6-bromo-2-naphthylamine 
9-Chloro-6-bromo-l-azanthracene (not isolated in E.P. 427,485) was obtained as palg yellow plates from ligroin (b. p. 
80—100°), m. p. 178° (Found: C, 53-7; H, 2-4. C,,;H,NCIBr requires C, 53-3; fr Rio, , 

Attempted Preparation of 8-Bromo-1-azanthraquinone.—(a) 8-Nitro-1-chloro-2-naphthylamine was prepared by the same 
method as the 5-nitro isomer and crystallised from methanol in orange needles (8-3 g., m. p. 147°) (Found: C, 53%; 
H, 3:3. C,H,O,N,Cl requires C, 53-9; H, 3-1%). The acetyl derivative was reduced by the method given above t0 
1-chloro-8-amino-2-acetamido-naphthalene in 82% yield; colourless needles, m. p. 160°, from alcohol (Found: ©, 61°; 
H, 5-1; N, 12-1. C,,H,,ON,Cl requires C, 61-4; H, 4-7; N, 11-9%). 

(b) 1-Chloro-8-bromo-2-acetamidonaphthalene. 1-Chloro-8-amino-2-acetamidonaphthalene (15 g.) was suspended 
in a solution of hydrobromic acid (17-7 c.c., 48%) in water (64 c.c.) and cooled to 0° with stirring. A solution of sodium 
nitrite (4-6 g.) in water (10 c.c.) was then added slowly until the solution gave a permanent blue coloration with s 
iodide paper. The thick precipitate of the diazonium bromide which se ted was stirred for a further hour at 0° 
then quickly run into a suspension of cuprous bromide (19-3 g.) in hydrobromic acid (53 c.c., 48%) in water (127 c¢) 
and the whole stirred at 0° until a sample no longer gave any colour with alkaline ‘‘H acid” solution. The whole w# 
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then stirred overnight until evolution of nitrogen had ceased. The precipitated eens commpenen was filtered off, 
washed and dried. Extraction with boiling methanol gave 1-chloro-8-bromo-2-acetamidonaphthalene as pale straw 
coloured needles, m. p. 147°, in 41% yield (Found: C, 48-8; H, 2-9; N, 5:1. C,,H,ONCIBr requires C, 48-3; H, 3-0; 
79), 

mM, By O srolysta, this compound was converted into 1-chloro-8-bromo-2-naphthylamine (90%), crystallising in colourless 
needles, m. p. 85°, from methanol (Found : C, 46-9; H, 2-9; N, 55. C,.H,NCIBr requires C, 46-8; H, 2-7; N, 55%). 

A Skraup reaction under the above conditions on the amine ty e) gave 6’-bromo-5 : 6-benzquinoline (2-2 g.) crystallising 
in pale yellow needles, m. p. 165°, from ethanol (Found: C, 60-9; H, 3-5. C,,H,NBr requires C, 60-5; H,3-1%). There 
was no trace of 9-chloro-8-bromo-l-azanthracene in the product. 


Our thanks are due to the Imperial Chemical Industries, Ltd., for the gift of materials and for a grant. 
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219. Geometrically Isomeric Piperazine Derivatives Containing Two Quaternary 
Nitrogen Atoms. 


By W. E. Hansy and H. N. Rypon. 


A number of diquaternary salts of NN’-dimethylpiperazine have been obtained in cis- and trans-stereo- 
isomeric forms. This is the first recorded case of geometrical isomerism arising from the configuration of 
substituent groups about two nitrogen atoms forming we of a ring and thus completes the stereochemical series 
of which the other members are the hexahydroterephthalic acids and the geometrically isomeric 4-substituted 
piperidinium salts of Mills, Parkin, and Ward (J., 1927, 2613). 


DIQUATERNARY piperazinium salts bearing two dissimilar groups on each of the nitrogen atoms would be 
expected to exist in the cis- and trans-stereoisomeric forms (I) and (II). The preparation of many such piper- 
azinium salts is on record (e.g., Str6mholm, Ber., 1903, 36, 144; Pyman, /., 1908, 98, 1804; Franchimont and 
Kramer, Rec. trav. chim., 1912, 31,51; Kaufmann and Diirst, Ber., 1917, 50, 1636) but in none of these instances 


was more than one isomer obtained; in this paper we describe the preparation and properties of a number of 
stereoisomerides of this type. 


A CH,—CH A A CH,—CH 
Ney? 2 a \ : 2 

N N 

© "Ng a 


B F 
sj “at J ee em CH,OH 
\ ee 7 CH ye DN 
CH,—CH, B CH,—CH, H,—CH,; CH, 
“4 x- x- x © ag 

(I.) (II.) (III.) 
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XCH,CH,. we CH,-CH,X XCHyCH, CH,—CH 


P CH, 
cH, CH,—CH, \cu, cHf CH,;—CH, Yy \cH,cH,x 
_ = — — 
(IV.) (V.) 


Ethylene chlorohydrin and NN’-dimethylpiperazine react at 100° to form both the monoguaternary salt, 
N-6-hydroxyethyl-NN’-dimethylpiperazinium chloride (III), and the desired diquaternary salt, NN’-di-(8-hydroxy- 
ethyl)-NN’-dimethylpiperazinium dichloride (IV and V; X = OH, Y = Cl), the former predominating except 
when the reaction is very prolonged. Two forms of the diquaternary salt were readily isolated from the reaction 
product ; these two substances, shown by analysis to be isomeric, differ in m. p. although they show no depression 
of m. p. on admixture; they give different picrates and differ markedly in solubility. There can be no doubt 
that they are the expected geometrical isomers (IV and V; X = OH, Y = Cl); the X-ray results (quoted 
below) on derivatives show that the higher melting, less soluble compound has the trans-configuration (V). 

These two stereoisomerides show marked, differences in the reactivity of the hydroxyl groups, the trans- 
compound being the less reactive in this respect.. Thus, the ¢vans-compound was recovered unchanged after 
prolonged heating with acetyl chloride, alone or in the presence of pyridine, whereas the cis-compound was 
readily acetylated by heating with acetyl chloride alone. Similarly the cis-isomer gave the corresponding 
dichloro-dichloride (IV; X = Y = Cl) by simple refluxing with thionyl chloride, a process which left the trans- 
isomer unchanged; the latter could, however, be converted into the trans-dichloro-dichloride (V; X = Y = Cl) 
by heating with thionyl chloride in the presence of pyridine. The two stereoisomeric dichloro-dichlorides were 
characterised as their picrates and were also converted, for the purpose of the X-ray work, into the rather 
sparingly soluble di-iodides (IV and V; X = Cl, Y =I). In addition to yielding these markedly different 
derivatives the two dichloro-dichlorides also differ in that the cis-isomer crystallises from water as a stable 
hemihydrate whereas the trans-isomer crystallises in the anhydrous state from the same solvent. No success 
attended a number of attempts to bring about the interconversion of this pair of stereoisomerides. 

The properties of the various pairs of stereoisomerides obtained in the course of the present work are. : 
summarized in the following table : 

3K 
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Stereoisomeri¢c Piperazinium Salts, (IV) and (V). 


Con- Relative 
X. Y. figuration. M. p. solubility. Other properties. Dipicrate. 


cis 241° More soluble Deliquescent. OH group readily Pale yellow needles, m. p. 220°, 
OH Cl 


replaced. 
trans 246-247 Lesssoluble Not deliquestent. OH group Orange prismatic needles, m, p. 
relatively unreactive. 248—249°. 
cis 229 —- — Yellow needles, m. p. 188°. 
OAc cif trans Not obtained. 
o { cis 328 - More soluble Hemihydrate from water. Golden leaflets or needles, m, p, 
; 207°. 
Cl trans 327—328 Lesssoluble Anhydrous from water. Orange needles, m. p. 225°. 
1{ cis 238 More soluble Photosensitive. Ae thas 
trans _ Incefinite Less soluble Not photosensitive. : 


The X-ray crystallographic investigation of the dichloro-dichlorides (IV and V ; X = Y = Cl) and the dichloro. 
di-iodides (IV and V; X = Cl, Y = I) was kindly undertaken by Mr. H. M. Powell of the Department of 





Electron_density map for trans-NN’-di-(B-chloroethyl)-NN’-dimethylpiperazinium di-iodide (V; X = Cl, Y = I). 


(All the atoms may be taken as roughly in the plane of the paper except those marked U, D, which are respectively 
somewhat up and down out of the plane of the paper and those marked UU and DD, which are further above and below than 
U, D.) 


Chemical Crystallography, Oxford University, whose preliminary report is quoted in the experimental section. 
His results leave no doubt that the photo-insensitive dichloro-di-iodide is in fact the trans-isomer ; this is clearly 
apparent from the electron density map shown. The configurations of the other compounds follow from this 
without ambiguity. The usual correlation between low melting point, high solubility and cis-configuration 
holds in the present series. 

Although diastereoisomeric open-chain diquaternary ammonium salts have previously been obtained in 
meso- and racemic forms (Wedekind and Wedekind, Ber., 1910, 48, 2707; Wedekind and Goost, ibid., 1916, 
49, 942) the present work appears to constitute the first recorded case of geometrica] isomerism due to the 
disposition of groups about two nitrogen atoms forming part of a ring. As such it satisfactorily completes the 
stereochemical series of which the other members are the cis- and trans-hexahydroterephthalic acids, in which 
two carbon atoms are involved in the stereoisomerism, and the 4-substituted piperidinium salts of Mills, Parkin, 
and Ward (J., 1927, 2613), whose stereoisomerism is due to the configuration of groups about one carbon and 
one nitrogen atom. Among sulphur compounds the closest analogues of our compounds are the cis- and 
tvans-forms of dithian dioxide obtained by Bell and Bennett (J., 1927, 1798). 

Although the monoquaternary salt (III) could theoretically exist in two stereoisomeric forms (cf. the 
piperidine derivatives of Mills e¢ al., loc. cit.) no evidence was obtained of the existence of more than one form of 
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this compound. This negative result is, of course, only to be expected in view of the known stereochemical 
lability of tervalent nitrogen. ° 


EXPERIMENTAL, 


NN’-Di-(B-hydroxyethyl)-NN’-dimethylpiperazinium Dichlorides—NN Binge er ee (11 g.; Forsee and Pollard, 
J. Amer. Chem. Soc., 1935, 57, 1788) was heated on the water-bath with dry ethylene chlorohydrin (31 g.) for 18 hrs. After 
cooling, the deposited solid (5-2 g.; m. p. 239—240°) was filtered off and crystallised from aqueous alcohol, yielding 
trans-NN’-di-(B-hydroxyethyl)-NN-dimethylpiperazinium dichloride (V; X = OH, Y = Cl) in leaflets, m. p. 246—247° 
(decomp.) (Found : C, 43-4; H, 8-9; N, 10-7; Cl, 26:5. C,9H,O,N,Cl, requires C, 43-6; H, 8-7; N, 10-2; Cl, 25-8%). 
The dipicrate crystallised from dilute alcohol in small orange prismatic needles, m. p. 248—249° (Found: C, 40-2; H, 4-45; 
N, 17-5. CggHpg0i6N, requires C, 40-0; H, 4-25; N, 17-0%). 

Acetone was added to the reaction product after this trans-dihydroxy-dichloride had been separated; the precipitated 
solid was crystallised from aqueous alcohol yielding the deliquescent cis-NN’-di-(8-hydroxyethyl)-NN’-dimethylpiper- 
asinium dichloride (IV; X = OH, Y = Cl), m. p. 241° not depressed on admixture with the trans-isomer (Found : 
C, 43-4; H, 9-0; Cl, 25-6. C, 9H,,O,N,Cl, requires C, 43-6; H, 8-7; Cl, 25-8%). The dipicrate crystallised from water 
in pale yellow needles, m. p. 230° (Found : C, 40-0; H, 4-4. C,.H,,0,,N, requires C, 40-0; H, 4:25%). 

Evaporation of the reaction liquor after removal of the two dihydroxy-dichlorides left an oil which crystallised on 
rubbing with acetone. The solid (6-5 g.; m. p. 135—150°) was twice crystallised from methanol—acetone ee 
N-p-hydroxyethyl-NN’-dimethylpiperazinium chloride (III) as very hygroscopic prisms, m. p. 162° (Found: C, 49-3; 
H, 10-0; N, 14:0; Cl, 18-8. C,H,,ON,C! requires C, 49-35; H, 9-8; N, 14-4; Cl, 18-25%). 

Acetylation.—The cis-dihydroxy-dichloride (IV; X = OH, Y = Cl) (0-5 g.) was refluxed for 10 hrs. with acetyl 
chloride (5 c.c.). After removal of excess acetyl chloride, the hygroscopic product was crystallised from methanol- 
acetone, yielding cis-NN’-di-(B-acetoxyethyl)-NN’-dimethylpiperazinium dichloride (IV; X = OAc, Y = Cl), m. p. 229° 
(Found: C, 46-8; H, 8-0; Cl, 200. C,,H,,0,N,Cl, requires C, 46-75; H, 7-8; Cl, 19-8%). The dipicrate crystallised 
from water in flat needles, m. p. 188° (Found: C, 41-9; H, 4-4. C,,H,,0,,N, requires C, 41-9; H, 43%). 

The trans-dihydroxy-dichloride was recovered unchanged after prolonged refluxing with acetyl chloride, alone or in 
the presence of pyridine. 

NN’-Di-(B-chloroethyl)-NN’-dimethylpiperazinium Dichlorides.—The cis-dihydroxy-dichloride (IV; X = OH, Y = Cl) 
(0-5 g.) was refluxed on the water-bath for 4 hrs. with thionyl chloride (5 c.c.). The cooled reaction product was treated 
with acetone and filtered; crystallisation of the solid from aqueous acetone yielded cis-NN’-di-(B-chloroethyl)-NN’- 
dimethylpiperazinium dichloride (IV; X = Y = Cl), m. p. 328° (decomp.) (Found: C, 37-3; H, 7°45. CH gN,Cl,,4H,O 
requires C, 37-4; H, 7-2%. Found in material dried under reduced pressure and over P,O, at 100°: C, 38-7; H, 7-05 ; 
Cl’, 22-3. CH gN,Cl, requires C, 38-5; H, 7-05; Cl’, 22-75%). The dipicrate crystallised from water in golden leaflets 
or needles, m. p. 207° (Found :. C, 38-0; H, 4-0; N, 16-2; Cl, 10-4. C,,H,,0O,,N,Cl, requires C, 37-9; H, 3:7; N, 16-1; 
Cl, 10-2%). 

The tvans-dihydroxy-dichloride (V; X = OH, Y = Cl) (1 g.) was heated on the water-bath for 5 hrs. with thionyl 
chloride (5 g.) and pyridine (0-6 g.). The reaction product was warmed with chloroform and filtered-while hot; the solid, 
after washing with chloroform, was crystallised from aqueous acetone yielding trans-NN’-di-(B-chloroethyl)-NN’-dimethyl- 
piperazinium dichloride (V; X = Y = Cl), m. p. 327—328°, not depressed on admixture with the cis-isomer (Found : 
C, 38-7; H, 6-7; Cl, 45-0. C,,H,,N,Cl, requires C, 38-5; H, 7-05; Cl, 45°5%). The dipicrate crystallised from water 
in orange needles, m. p. 225° (Found : C, 37-5; H, 3-8; N, 15-8; Cl, 10-4. C,,H,,0,,N,Cl, requires C, 37-8; H, 3-7; 
N, 16-1; Cl, 10°2%). The tvans-dihydroxy-dichloride remained unchanged after long refluxing with thionyl chloride in 
the absence of added tertiary base. ~ 

NN’-Di-(B-chloroethyl)-NN’-dimethylpiperazinium di-iodides were precipitated in almost quantitative yield when 
concentrated aqueous solutions of the corresponding dichlorides were treated with an excess of aqueous potassium 
iodide. The cis-di-iodide (IV; X = Cl, Y = 1) crystallised from water in minute photosensitive leaflets, m. p. 238° 
(Found: C, 24-4; H, 4:3. Cy, 9H,,N,Cl,I, requires C, 24-25; H, 4-4%). The trans-di-iodide (V; X =Cl, Y = I) 
crystallised from water in leaflets having no definite m. p. (Found: C, 24-4; H, 40%). 

X-Ray Investigation.—Mr. H. M. Powell reports as follows :—'‘ Both the trvans-chloride and -iodide crystallise well ; 


both substances form anorthic crystals and are closely related in crystal structure judged by similarities in their X-ray 
diffraction patterns. 


The unit cell constants are: 


Chloride (V; X = Y =Cl). Iodide (V; X = Cl, Y =I). 
a =7T7A.; by = 67 A; Co = 73 A. @y = 8 1A.; by =7:25.A.; Cy = 7°37 A. 
a = 96° 54’; B = 99°; y = 80° 4’. a = 109° 30’; B = 105° 30’; y = 72° 20’. 


Patterson Fourier analysis carried out on the iodide permits the location of the — atoms in the unit cell and the 
observed intensities of X-ray reflections may be used in combination with phases for the structure factors, calculated by 
considering the iodine atom contributions alone, to derive the electron density map. This is a first approximation only 
and a small number of observations had o be omitted, through uncertainties, at this stage. Nevertheless the projection 
shows a complete set of lower peaks and gives a good approximation for the general lay-out of the rest of the structure. 
The cation lies at a centre of symmetry and must therefore have the trans-configuration. An approximate representation 
of the space arrangement may be obtained by building up a model on the-projection shown as plan. 

The cis-forms do not crystallise well. It has been possible to get crystals large enough to distinguish something of 
their form microscopically. “ They are probably monoclinic and appear always to be twinned in a complex manner. The 
Prospects for a complete structure determination do not seem good.” 


PP a are much indebted to Mr. H. M. Powell of the Department of Chemical or Speen wesw de University Museum, 


ord, for carrying out the X-ray work and for allowing us to quote his findings, and to the 


irector General of Scientific 
esearch and Development, Ministry of Supply, for permission to publish this paper. 
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- 220. The Union of Gaseous Oxygen with Methyl Oleate, Linoleate, and Linolenate, 
By F. D. Gunstone and T. P. HIvLpitcn. 


The autoxidation of methyl oleate in diffused daylight at temperatures between 20° and 130° has been 
followed by the changes in its peroxide and iodine values, and some of the autoxidised products have been 
further examined. The process is very slow at 20° and somewhat faster at 50°, but from 80° onwards it becomes 
very rapid and apparently differs in character from the oxidation at lower temperatures. At the higher temper- 
atures there is development of considerable free acidity, which was shown to be due mainly to oxidative break- 


down at the unsaturated group and consequent production of mono- and di-carboxylic acids (including those 
of the C, as well as of the C, series). 


Autoxidation of methyl linoleate at 20°, 50°, and 80° proceeds with increasing rapidity, but the temperature- 
coefficient appears to be more constant in this case than with methyl oleate. In all three experiments, and in 
the autoxidation of methyl linolenate at 20°, the development of conjugated diene unsaturation to a maximum 
and its subsequent decline was observed to be parallel with the formation of peroxides. 

The relative rates of autoxidation of methyl] oleate, linoleate, and linolenate at 20° were 1:12: ca. 25, the 
presence of the system ~-CH:CH-CH,*CH:CH- causing a marked increase in ease of union with oxygen. 


It has been shown (Atherton and Hilditch, J., 1944, 105) that autoxidation of methyl oleate at 120° differ 
in several respects from its autoxidation at 20°. At the higher temperature the action is extremely rapid, 
compared with that at 20°. Examination of 
the final products obtained indicated, in the 
case of the ester autoxidised at 20°, the 
presence of oxygenated groups on the 8th and 
llth atoms of the carbon chain, as well as at 
the 9th and 10th carbon atoms; whereas less 
evidence of attack other than at the 9th and 
10th carbon atoms (the position of the ethenoid 
bond) was observed in the product of autoxid- 
ation at 120°. The relationship between the 
development of peroxide value and the corre. 
sponding fall in iodine value suggested that at 
120° the autoxidation involved both the 
mechanism put forward by Farmer and Sutton 
(J., 1943, 119) and also, to some extent, direct 
addition of oxygen at the double bond. 

The oxidation of methyl oleate, methyl 
linoleate, and methyl linolenate by oxygen at 
various temperatures from 20° upwards has 
now been further examined. 

A utoxidation of Methyl Oleate.—The purific- 
ation of oleic acid from linoleic acid wa 
effected by crystallisation from acetone at 
about —40°. A source of oleic acid was chosen 
in which the latter was accompanied by a 
small a proportion as possible of linoleic acid. 
Animal fats such as beef tallow fulfil this con- 
dition, but for the immediate purpose 4 
sufficient supply of the seed fat of Allanblackia 
floribunda, which contains but little linoleic 
acid, was available and was utilised. The 

‘ , mixed acids of this fat consist of saturated 

700 200 300 400 60-2, oleic 39-4, and linoleic 0-4% (Meara and 

Time, hours. Zaky, J. Soc. Chem. Ind., 1940, 59, 25), and 

from them two batches of purified methyl 

oleate were prepared as described below (p. 840). One of these (168 g., iodine value 80-4) was used in the presett 

experiments; it contained a small proportion of saturated esters, but was almost entirely free from methyl 
linoleate. Autoxidations were effected at room temperature (ca. 20°) and at 50°, 80°, 100°, 120°, and 130°. 

The increase in peroxide value during autoxidation is plotted against time in Fig. 1. The course of the 
oxidation at different temperatures is similar in that an ‘‘ induction period ”’ is followed by a more rapid increas’ 
in peroxide value to a maximum followed, in turn, by an equally rapid fall in peroxide value. The iodine valut 
drops slowly at first and then more rapidly and regularly. There is also development of free acidity, especially 
notable in autoxidations at 80° and above. ¢ ; 

At the higher temperatures the action was markedly exothermic. An oil bath temperature about 3—5 
below that of the ester undergoing oxidation at 100°, 120°, or 130° sufficed to maintain the desired autoxidatio 
temperature. 


Up to 50° the action is steadily accelerated by temperature, but from 80° upwards the temperaturt 


Fic. 1. 
Autoxidation of methyl oleate. 
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oefficient is very much greater than at lower temperatures, and it is evident that an action of essentially 
jifferent character from that at lower temperatures comesinto play. The different character of the autoxidation 
may be illustrated by the times taken to reach a peroxide value of 500 at various temperatures : ‘ 


GOR © 5 ca diicenecd ssbadceeesss 20° 50° . 80° 100° 120° 
Time (hours) .........sssseseeeeeeese 64. 600 ca. 380 37 9 2:5 


The practice, much favoured in technical control of oxidative rancidity, of predicting the stability of fats and 
atty products to atmospheric exposure at the ordinary temperature from “‘ accelerated ”’ oxidation tests 
onducted at 100° or even higher, appears somewhat dubious; since the oxidising action seems to be essentially 
liferent, as judged from the abrupt change in the temperature coefficient from about 50° onwards. Whilst 

accelerated tests at the higher temperatures may indeed in many instances serve a useful purpose as an approx- 

mate guide, the present data offer confirmation that these tests do not rest on a sound theoretical basis, and thus 
sinforce the doubts recently expressed as to their complete validity (cf. Lea, Moran, and Smith, J. Dairy Res., 
1943, 18, 162; Banks, J. Soc. Chem. Ind., 1944, 68, 8; Hilditch, Chem. and Ind., 1944, 68), 

In Table I the data are further illustrated with reference to the rate of increase of peroxide and acid values, 

pnd decrease of iodine value (measured over the approximately linear portions of the graphs), and to the 

maximum peroxide and acid values attained. 


TaBLeE I, 
Autoxidation of methyl oleate. 


20°. 50°. 
120 210 


Induction period (OUTS) ..........ssssecceesecesevees 
Maximum peroxide value attained ............ssessesseseeseeeee 
ime (hours) to attain maximum peroxide value — 
Rate of increase of peroxide value (units per hour) . 2-9 
decrease of iodine value (units per hour) ; 0-03 

» increase of acid value (units per hour) _............ ; — 
Final acid value attained .............scecesecceeceeceecereeneeeee ‘ 5-2 
Time (hours) to attain final acid value ..........s.csseeeseeees 609 

As the temperature is increased, not only is the induction period diminished and the rate of oxidation 
increased, but the maximum peroxide value also decreases; in other words, secondary transformations of the 
peroxidic compounds first formed also proceed at increasing speed. In the autoxidations at 20° and 50° the 
maximum peroxide figures had, however, not been reached after 740 and 340 hours respectively. 

The falls in iodine value at 20° lie between the declines calculated on the respective assumptions that 
peroxide formation occurs (i) exclusively at a -CH,- group adjacent to a double bond and (ii) exclusively at a 
double bond. At the higher temperatures this relation holds in the early stages of the action, but later the 
observed fall in iodine value exceeds that which would result from direct addition of oxygen to a double bond ; 
this is merely the consequence of disappearance of peroxides by secondary actions, the peroxide values at this 
stage no longer being indicative of the total quantity of peroxides formed during the autoxidation. It is at this 
stage, also, that the development of free acidity becomes very marked. 

"Composition of the Products of Autoxidation of Methyl-Oleate.—We have examined the products obtained by 
disruptive oxidation (with potassium permanganate in acetone solution) of some of the autoxidised esters. 
After autoxidation at 20°, we have confirmed the previous observation of Atherton and Hilditch (loc. cit.) that 
suberic and octoic acids are formed in addition to azelaic and nonoic acids, indicating attack by oxygen on —CH,- 
groups adjacent to the double bond in methyl oleate. This process is still operative to some extent when 
methyl oleate is autoxidised at 100° or 120°, but in addition direct attack on the ethenoid bond seems to 
take place. Removal, prior to disruptive oxidation of the autoxidised esters, of the acidic products formed 
during autoxidation at the higher temperatures showed that scission into mong and di-carboxylic acids also 
occurs to some marked extent at these temperatures; minor quantities of other products such as dihydroxy- 
— acid, a compound of apparent formula C,,H,,O,, and aldehydes(?) of low molecular weight are also 
produced. ; 

Autoxidation of Methyl Linoleate——A specimen of methyl linoleate (iodine value 173-2, calc. 172-8) was 
autoxidised at 20°, 50°, and 80°. As with methyl oleate, after a (very short) induction period the peroxide value 
steadily rose, and increase in temperature led to an increase in the rate of peroxide formation but to a decrease 
in the maximum peroxide value obtained. With methyl linoleate, however, development of peroxides is 
accompanied throughout by development of diene conjugation. The amount of the latter increases pari passu 
with that of the peroxides, but reaches a maximum somewhat before the maximum peroxide value is attained, 
and thereafter steadily declines. This is of course fully in accordance with the view of Farmer, Koch, and 
Sutton (J., 1943, 541) that the initial action is one of detachment of a hydrogen atom from the central -CH,- 


group in the unsaturated system, leaving a grouping ~CH:CH-CH-CH:CH- which may undergo rearrangement 
to~CH,-CH:CH-CH:CH- or its hydroperoxide. 


The changes in peroxide value and diene conjugation at the three temperatures of autoxidation are shown 


graphically in Fig. 2, whilst a further general indication of the course of the autoxidations is given by the 
summarised data in Table II. 
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Fic. 2. 
Autoxidation of methyl linoleate. 
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TABLE II. 


Autoxidation of methyl linoleate. . 
50°. 
Maximum peroxide value attained .............sssseseeceeseeeeeseeeseeee 2125 
Time to reach maximum peroxide value (hours) ................es++8 28 
Maximum percentage diconjugation attained .................. 22-0 
Time to reach maximum % diconjugation (hours) ..........0..s+4+. 24 
Time for iodine value to drop 10 units (hours) ....... 13. 
D ” » 50 wi 24 
EE TIONON  idc sini dna tnissekans stpbeenconse engnee buiiiinceths 34:5 
Time to reach final acid value (hours) ............cccscceeeeeseseeeeeee 262 th 
* The acid value of the fin4l product of autoxidation at 20° was not measured until 3’ months after 
had closed, when it was 58-6. 
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the experiment 


The times taken to reach a peroxide value of 1500 at 20°, 50°, and 80° were respectively 121, 19, and 4 hours. 
The temperature-coefficient thus appears to be more constant over the whole of this range than with methyl 
oleate, in which a much increased rate of oxidation sets in above 50°. The reaction is strongly exothermic; 
the heating-bath temperatures necessary to maintain the autoxidising methy] linoleate at 50° and at 80° were 
respectively 40—43° and 63—67°. 


In the early stages of aytoxidation of methy] linoleate, the observed fall jn iodine value is nearer to that 
caused by hydroperoxide formation at a methylene group than to that due to attachment of oxygen at a double 
bond. The observed drop in iodine value soon, however, approaches and surpasses that calculated on the latter 
assumption (and more rapidly than is the cast with autoxidised methyl oleate). This is to be expected since, 
in addition to progressive failure of the peroxide values to indicate the total quantity of peroxides produced 
(in consequence of secondary changes in some of the latter), there are increasingly significant proportiol 
of conjugated diethenoid ester formed, and these will not register their true iodine value under the conditions 
of analysis (Wijs’ reagent). 


: The results of disruptive oxidation of the autoxidised products (p. 841) suggest that peroxidation is exclus 
ively confined to the ~CH,- group situated between the two ethenoid bonds of the linoleic chain, i.c., in tht 


“ 613 13 «611 6 lf 8 
system, CH,’[CH,];-CH,-CH:CH-CH,-CH:CH-CH,-[CH,],CO,Me, attack by oxygen is so much concentrated 
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upon the methylene group at C,, that no perceptible products of attack at the groups at C, or C,, could be 
detected. 


The free acids formed in the later stages of the autoxidation of methy] linoleate were mainly scission products 
arising from disruption of the A® 1*-diethenoid system. 

Autoxidation of Methyl Linolenate.—A specimen of methyl linolenate (iodine value 256-1, calc 261-0) was 
oxidised at 20° with the results summarised in Table III (p. 841). The development of di- and tri-ethenoid 
conjugation was similar to, but not so marked as, that first observed in the autoxidation of ethyl linolenate by 
Farmer, Koch, and Sutton (loc. cit.); these authors record that, when 1 mol. of oxygen had been absorbed per 
mol. of ester (in presence of ultra-violet radiation), 28-5% of diene and 4-5% of triene conjugation were detected. 

The development of peroxides and of conjugated unsaturated esters resembles that observed with methyl 
linoleate at 20°, but the rate of autoxidation is more rapid. In both cases a maximum is reached, followed by a 


Fic. 3. 
Autoxidation of methyl oleate, linoleate, and linolenate at 20°. 
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thyl linoleate, no doubt for the same reasons (cf. p. 838). 

The development of peroxides and of diene conjugation is shown in Fig. 3, which also serves to compare 
he Telative rates of autoxidation of methy] oleate, linoleate, and linolenate at 20°. The average rates of increase 
er hour in peroxide value of methy] oleate, linoleate, and linolenate during autoxidation at 20° were respectively 
2, and ca, 25 in the above experiments. The much more rapid autoxidation of methyl linoleate than of 

ve oleate, and the relatively less increased rate of autoxidation of methyl linolenate over that of methyl 


te illustrate further the ease with which the system ~CH:CH-CH,-CH:CH-, or rather its central -~CH,- 
up, unites with molecular oxygen; interaction of oxygen with —CH,~ groups adjacent to a single ethenoid 
ond, as in methyl oleate, is a relatively slow process. 
Kuhn and Meyer (Z. physiol. Chem., 1929, 185, 193), who compared the rate of oxidation (catalysed 
‘hemin ) of ethyl oleate and methyl linoleate, and of olive oil and linseed oil, state that the relative rates of 
xidation of the mono-, di- 


, and tri-ethenoid fatty acid groups were respectively 1 : 12: 100. 
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It will be shown in 2 subsequent paper that the onset of oxidative rancidity in edible fats is largely congj, 
tioned by the presence of linoleic, rather than oleic, glycerides, the peroxides formed by preferential autoxidatig, 
of the former catalysing the oxidation of the (usually predominant) oleic glycerides present. Since autoxidatio 
of linoleic groups is accompanied by production of diene conjugation, the possibility of following the course of 
the oxidation by measurements of the extinction coefficient of the absorption band at 234 my, as an alternative 
to other methods (e.g., peroxide values), is at present being studied. 


EXPERIMENTAL, 


Preparation of Methyl Oleate-—The mixed fatty acids (428 g., iodine value 36-9) from Allanblackia floribunda seed {a 
iodine value 34-5) were treated in boiling alcohol solution (4280 ml.) containing 1:5% acetic acid with lead acetat. 
((300 g.), and set aside at room temperature for some hours. They were thus resolved into mainly saturated (244 g 
iodine value 1-6) and mainly unsaturated (184 g., iodine value 84-5) acids. The latter acids (175 g.) were then successively 
crystallised from acetone (900 ml.) at 0°, —15°, and —40° with the following results : ; 


SRR BE 0. cco dnsccecccssoceosssese. OF —15° — 40° Soluble at — 40° 
WOABRE, Gi. . cictccccccsccccccccocseccorses | 1AB 17-1 113-3 29-8 
Todime value  .......ccccccscccscccccseee 26° 746 86-9 99-0 


The material separated at — 40° was converted into methyl esters which were distilled in a vacuum through an electrically. 
heated and packed fractionating column, when the following fractions were obtained : , 


Fraction No. 3 2.  § 4, 5. 6. » & 8. 9. Residue, 


Weight, g. sseeeseeeeeee 16 40 35 105 192 176 184 210 . 13:8 5:8 
Iodine value .......... 571 729 806 841 845 849 847 848 844 843 


Fractions 4—9 (100-5 g.) were collected as part of the material to be used in autoxidation experiments ; this represente/ 
a yield of approximately 55% of the oleic acid in the unsaturated acids obtained from the lead salt separation of th 
Allanblackia mixed fatty acids. Subsequently, if the iodine value of the unsaturated acids from the lead salt separatioy 
was not below 85, it was considered unnecessary to remove further saturated acids by crystallisation at 0° and —1;' 
and they were simply crystallised from acetone at — 40° in order to retain in solution the small proportions of linoleic acid 
present in the original mixed acids. The later ester-fractionation served to separate residual methyl palmitate, but th 
methyl oleate finally obtained still contained a small proportion of methyl stearate, which was considered immaterial fo 
the purpose of the autoxidation experiments, the important point being the complete removal of linoleic acid in th 
crystallisation process. 

In the course of preparation of methyl oleate for autoxidation work, the following batches were obtained : 


Fraction No. 1. 2. 3. 4. 5. 6. 7. 8. 


WAR, ©. cccccccccccssccere, 24 82 43°5 46 35 109 24 
Todine value .........+.0+-. 846 83-3 83-2 83-0 82-0 80-4 80°4 80:8 


These were combined into two batches: nos. 1—5 (286 g., iodine value 83-4) and nos. 6—8 (168 g., iodine value 80-4); 
the latter was the material used in the present experiments. 

Preparation of Methyl Linoleate.—Tetrabromostearic acid (m. p. 114—115°), prepared from the unsaturated acids a 
cottonseed oil, was debrominated in methanol with activated zinc dust and hydrochloric acid (Rollett, Z. physiol. Chem. 
1909, 62, 410), and the methyl linoleate obtained purified by fractional distillation as above. The specimens employe 
had iodine values of 170-9, 172-9, and 173-2 (calc. 172-8). 

ge seer of Methyl Linolenate.—Hexabromostearic acid (m.p. 180—181°), prepared from the acids of linseed oil 
was debrominated in pyridine solution with activated zinc dust (Kaufmann and Mestern, Ber., 1936, 69, 2684). The crude 
linolenic acid obtained was esterified with methanol in presence of 0-5% of sulphuric acid, and the neutral methyl este 
distilled a8 above (iodine value : found 256-1, calc. 261-0). 

Autoxidations.—The esters (25—50 g.) were placed in a 250 ml. three-necked flask, fitted with a mechanically drives 
(ca. 300 r.p.m.) glass stirrer, thermometer (with bulb immersed in the ester), inlet and outlet tubes. No metal surface 
were exposed within the apparatus, since at the higher temperatures volatile fatty acids were produced during th 
oxidation. A slow current of oxygen was passed through the ester during the experiments which were conducted it 
diffused daylight. In experiments above room temperature the flask was immersed in an oil-bath, the temperature d 
which was regulated so as to maintain the ester at the desired experimental temperature. 

The conjugated unsaturation produced during autoxidation of methyl linoleate and linolenate was determined from 
the extinction coefficients of the absorption bands at 234 mp and 268 my. For this purpose solutions in purified cyl 
hexane were normally employed. In the later stages of oxidation, howevet, the products commenced to be difficultly 
soluble in cyclohexane, and, in some of the later experiments, solutions in alcohol were then found to be a useful alternative. 

The abridged data in Tables I and II summarise the observations on methyl oleate and linoleate autoxidised at various 
temperatures. The full observations for autoxidation of methy] linoleate and linolenate at 20° are recorded, by way 
illustration, in Table III. 

With methyl linolenate, spectroscopic observations could not be carried out after 117 hours, owing to progressively 
diminishing ar of the product in cyclohexane. The final product (after further standing for two months) had a 
acid value of 77. : 

Examination of Autoxidised Products—Methyl oleate. The results obtained may be illustrated by reference to the 
product of autoxidation of methyl oleate at 100°, which had iodine value 17-6, peroxide value 764, and acid value 56 
The product (17-0 g.) yielded material volatile in steam (1-2 g.), which consisted of approximately equal parts of acid 
compounds (Found : equiv., 154-5. Calc. forC,H,,0,: equiv., 144; for C,H,,0,: equiv., 158) and ofa neutral liquid with 
a fruity odour similar to that 6f octaldehyde or nonaldehyde, but no crystalline 2 : 4-dinitrophenylhydrazones could bt 
obtained fromit. The portion non-volatile in steam (acid value 59-7) gave 2-4 g. of acidic and 9-9 g. of neutral compounds 
Of the acids, 1-5 g.. were soluble in water and yielded on crystallisation a very small amount of suberic acid and large 
quantities of azelaic acid; from the acids insoluble in water, a very small amount of an acid was obtained. This v# 
analysed (Found: C, 74-9; H, 11-9. Calc. forC,,H,,0,: C, 74-5; H, 11-7%), but its constitution was not further elucidated. 
The neutral pecans. non-volatile in steam, was hydrolysed and the resulting oily acids were crystallised from various 
solvents. The only crystalline product obtained was a very small amount of an acid, m.p. 63—67° (Found : ©, 74% 
H ,12:1%; equiv., 296), which appeared to be the same as that previously mentioned. / 
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The Preparation of Some 2:3-Naphthalene Derivatives. 


Taste III. 
Conjugation. — 
Peroxide Di-ethenoid, Tri-ethenoid, Iodine value Fall in iodine value. 
value. %. %. (Wijs). Observed. Calc.* Calc.t 
Autoxidation of methyl linoleate. 
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Autoxidation of methyl linolenate. 


256-1 
244-5 
230-0 
216°5 
165-6 
132-8 
106-0 

determined. 76°6 
” ” 76-4 


* Calculated for assumption of union of 1 mol. O, with one double bond. 
+ Calculated for assumption of union of 1 mol. O, at one -CH,- group. 
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The product of autoxidation of methyl oleate at 120° (iodine value 28-3, peroxide value 482, acid value 43-2) was 
imilarly examined, the portions volatile in steam being similar to those found in the above experiment. After hydrolysis 
bf the neutral, not-volatile-in-steam portion, very small proportions of 9 : 10-dihydroxystearic acid, m. p. 92—93°, were 
solated in addition to small amounts of the acid, m. p. 63—65° (Found: C, 74-6; H, 120%). Another portion of the 
ily neutral product (8-2 g.) was oxidised in acetone with potassium permanganate, but was not completely attacked, 
8% of unoxidised material being recovered ; from the dibasic acids produced (2-2 g.) both suberic (0-2 g., m. p. 132—138°) 
nd impure azelaic (0-6 g., m. p. 92—-94°) acids were isolated. 

Methyl linoleate. With methyl linoleate autoxidised at 20°, the products were further examined after 90 hours 
peroxide value 1174, iodine value 157-5) and 262 hours (peroxide value 1355, iodine value 58-5). After 90 hours autoxid- 
tion, the product (27 g.) was dissolved in ligroin and passed over a column of silica gel. The eluates from the upper 
bart of the column (6-4 g.) had a mean peroxide value 1618 (range 1163—1830), and a mean iodine value 71-6 (range 
83-0—55°7), whilst those from the lower part (2-7 g.) had a mean peroxide value of 722 and a mean iodine value 107-7. 
he unabsorbed material (17-9 g.) was mainly unaltered methyl linoleate (iodine value 166-8—170-0, mean peroxide 
yalue 26). 

The material adsorbed on the upper part of the column (5-7 g.) yielded, after oxidation in acetone with potassium 
bermanganate, a mixture of dicarboxylic (2-5 g.) and monocarboxylic (1-0 g.) acids. The dicarboxylic acids gave azelaic 

id on crystallisation, but no indication of the presence of suberic acid was obtained. Distillation of the methyl esters 
pf the monocarboxylic acids yielded fractions with equivalents varying between 126 and 132 (Calc. for methyl hexoate : 
Pquiv., 130). 

The final product obtained after 262 hours autoxidation at 20° was examined with regard to its content of free acids 
acid value 58-5). From 6-0 g. there were obtained 0-8 g. of steam-volatile material and 5-2 g. of material non-volatile in 
eam. The volatile portion contained some neutral liquid compounds, but was mainly acidic (equiv., 123-8; iodine 
palue, 9-2). The acid portion was mainly solid but had the sharp smell of acetic or propionic acid; a small amount of 
rystals was obtained (from ligroin) which had m. p. 90—94° (equiv., 116). The nature of the solid acid was not 

ertained. The definite iodine value of the steam-volatile acids is surprising, and points to the presence of some small 
proportion of an unidentified unsaturated acid of low molecular weight. The portion non-volatile in steam consisted 
f about 75% of a viscous neutral liquid, about 17% of water-soluble acids and about 8% of acidic matter insoluble in 
ater. The water-soluble acids were mainly azelaic acid (m. p., after crystallisation, 97—101°). 


We are indebted to the Colonial Products Research Council for permission to publish the results in this paper, and for 
grant to one of us (F. D. G.); and to Professor R. A. Morton for the use of a spectrograph. 
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221. The Preparation of Some 2: 3-Naphthalene Derivatives. 


By HersBert H. Hopcson and Davin E. Hatuway. 


1 : 3-Dibromo-2-nitronaphthalene is reduced tin and hydrochloric acid to 3-bromo-2-naphthylamine 
(cf. Consden and Kenyon, J., 1935, 1595). The iatter compound provides a convenient starting point for 
Many 2 ; 3-disubstituted naphthalenes. 3-Nitro-2-naphthylamine has now been obtained pure and does not 
show chromoisomerism (cf. Hodgson and Turner, J., 1943, 689). 


: 3-DIBROMO-2-NITRONAPHTHALENE (Hodgson and Hathway, J., 1944, 21) when reduced in alcoholic solution 

tin and hydrochloric acid gave 3-bromo-2-naphthylamine, behaving like 1 : 3-dibromo-2-naphthylamine 

nder ee 3 conditions (Consden and Kenyon, J., 1935, 1595). This result, with its excellent yields through- 
L 
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out, makes some 2 : 3-naphthalene derivatives readily available. By this means 2-chloro-3-bromo- and 2-byomp. 
3-iodo-naphthalenes and also the known 2 : 3-dibromonaphthalene have been obtained. 

In addition to the method of Hodgson and Elliott (J., 1936, 1151) for preparing 3-halogeno-2-nitronaphth. 
alenes by means of the nitration in the 2-position of 3-halogeno-aceto-l-naphthalides, 3-halogeno-2-nitr. 
naphthalenes have now been obtained by means of the mercuration of 3-nitro-1-naphthylamine in the 2-positig 
(Hodgson and Hathway, this vol., p. 123) and the nitration of 3-nitroaceto-l-naphthalide in the 2-positig, 
(Hodgson and Turner, J., 1943, 689). 

An attempt to replace the bromine gtom in the 1-position of 1 : 3-dibromo-2-nitronaphthalene with ay 
amino-group, by heating under pressure at 150° with alcoholic ammonia, was unsuccessful. 

Repetition of the work of Hodgson and Turner (Joc. cit.) on the preparation of 3-nitro-2-naphthylamine 
showed that the chromoisomerism there reported does not exist, the previously described mixture of red and 
orange-yellow needles being probably due to the presence of unchanged 2: 3-dinitronaphthalene. As noy 
obtained, 3-nitro-2-naphthylamine crystallises in scarlet needles and has m. p. 140° and not m. p. 86-5° a 
previously stated. ’ 


EXPERIMENTAL. 


3-Nitro-2-acetoxymercuri-aceto-1-naphthalide was obtained by refluxing a mixture of 3-nitro-l-naphthylamine.). 
mercuriacetate (11-2 g.), acetic anhydride (10 c.c.) and ethyl acetate (30 c.c.) for 3 hours. The separated materia 
{pal yellow rods, 11 g.) was recrystallised from acetic acid and had m. p. 250° (decomp.) (Found: Hg, 39, 
H 
14 


e 
120;N,Hg requires Hg, 39-5%). 

2-Bromo-3-nitro-aceto-1-naphthalide.—The above compound (9-8 g.) was made into a paste with a little alcohol and 

20% aqueous potassium bromide (100 c.c.) and the mixture vigorously shaken with a solution of bromine (3-4 g.) in 209 

ueous potassium bromide (15 c.c.) and kept for several days. The solid was removed, washed, dried at 100° and 
when crystallised from acetic acid was obtained (3-5 g.) in clusters of small colourless prisms, m. p. 240° (Found : Br, 25:5, 
C,,H,O,N,Br requires Br, 25-9%). 

2-Bromo-3-nitro-1-naphthylamine.—2-Bromo-3-nitro-aceto-l-naphthalide (3-5 g.) was refluxed for 1 hour with a 
mixture of sulphuric acid (18 c.c., d 1-84), ethanol (36 c.c.) and water (18 c.c.). The yellow precipitate (sulphate), 
obtained on dilution of the cooled solution with ice (200 g.), was converted into 2-bromo-3-nitro-l-naphthylamine by 
treatment with ammonia. This was washed with water, dried at 80° (3 g.) and, after crystallisation from ethanol 
(charcoal) was obtained in felted red needles, m. p. 107° (Found: Br, 29-9. C,,H,O,N,Br requires Br, 30-0%). 

3-Bromo-2-nitronaphthalene was formed when a solution of 2-bromo-3-nitro-l-naphthylamine (2-7 g.) in acetic acid 
(20 c.c.) at below 0° was stirred and added dropwise to a mixture of sodium nitrite (1 g.) and sulphuric acid (12 c.c,, 
d 1-84). The mixture was kept for 30 minutes to ensure complete diazotisation and the solution of the diazonium 
sulphate then stirred into a suspension of cuprous oxide (3 g.) in methanol (100 c:c.). After complete reaction the 
mixture was poured on to ice (400 g.), the precipitate-washed with water, dried, extracted with ethanol and the crude 
3-bromo-2-nitro-naphthalene (1-8 g.) precipitated from the extract by water. It was purified by dissolution in chloro- 
form, washing the solution with 2% aqueous sodium hydroxide, drying the chloroform layer, and, after evaporation of 
the chloroform, the residue crystallised from ethanol in brownish needles, m. p. 84°, identical with that of an authentic 
specimen (Hodgson and Elliott, loc. cit., m. p. 84°). 

3-Bromo-2-naphthylamine.—1 : 3-Dibromo-2-nitronaphthalene (5 g.) was refluxed for 4 hours with tin (7 g.), hydro- 
chloric acid (45 c.c., d 1:18), and ethanol (50 c.c.). The hot filtered Solution deposited 3-bromo-2-naphthylamine hydro- 
chloride (3-9 g.) in colourless prismatic needles (Found: HCl, 14-0. C,,H,NBr,HCl requires HCl, 141%). This was 
treated with hot 5% alcoholic potassium hydroxide (40 c.c.) and the base crystallised from ethanol (charcoal). 3-Bromo- 
2-naphthylamine was obtained in glistening colourless plates, m. p. 170° (Consden and Kenyon, J., 1935, 1595, m. p. 
170°) (Found: N, 6-2. Calc. for CyH,NBr: N, 63%). 3-Bromo-benzo-2-naphthalide, prepared by the Schotten- 
Baumann reaction in acetone, crystallised from ethanol (charcoal) in clusters of pale pink sagittate crystals, m. p. 176’, 
on admixture with 3-bromo-2-naphthylamine (Found: Br, 24-4. C,,H,,ONBr requires Br, 24-5%). 

2 : 3-Dibromonaphthalene was formed when a solution of 3-bromo-2-naphthylamine (1 g.) in glacial acetic acid (10c.c.) 
was diazotised as above by nitrosyl sulphuric acid, and the solution of the diazonium sulphate decomposed by addition 
to a mixture of cuprous bromide (2 g.) in hydrobromic acid (10 c.c.,d 1-7). After 24 hours, the whole was poured on to 
ice (100 g.), and the precipitated 2 : 3-dibromonaphthalene (1 g.) washed and crystallised from ethanol (charcoal) ia 
lustrous plates, m. p. 140° (Wynne, P., 1914, 204, m. p. 140°; cf. Kenner, Ritchie, and Wain, J., 1937, 1518) (Found: 
Br, 55°8. Calc. for C,H,Br,: Br, 55-9%). 2-Chloro-3-bromonaphthalene (1-0 g.) was formed when a glacial acetic acid 
solution of 3-bromo-2-naphthalenediazonium sulphate prepared as above was decomposed by addition of cuprous chloride 
(2 g.) in hydrochloric acid (10 c.c., d 1-18). It crystallised from ethanol in glistening white plates, m. p. 115° ((-21286. 
gave 0-2900 g. AgCl+ AgBr. C,,H,ClBr requires 0-2920 g.). 2-Bromo-3-iodonaphthalene (1 g.) was formed whena 
glacial acetic solution of 3-bromo-2-naphthalene-diazonium sulphate was stirred into an ice-cold aqueous solution of potas 
sium iodide (20 g.). It crystallised from ethanol in very pale pink plates, m. p. 95° (0-°1380 G. gives 0-1730 g. AgBr + 
AglI, C,H,BrI requires 0-1750 g.). 

3-Bromonaphthalene-2-azo-B-naphthol (0-9 g.) was prepared by stirring a glacial acetic acid solution of 3-bromo-2-naphth- 
alene-diazonium sulphate (from 3-bromo-2-naphthylamine, 0-6 g.) into a solution of B-naphthol (0-4 g.) in 20% aqueous 
sodium hydroxide (85 c.c.) containing crushed ice (20 c.c.). It crystallised from acetic acid in crimson needles having 4 
metallic lustre, m. p. 185°, which gave a claret colour with concentrated sulphuric acid changing to scarlet on dilution 
(Found: Br, 21-0. C,9H,,ON,Br requires Br, 21-2%). 

3-Nitro-2-naphthylamine, prepared by the sodium sulphide reduction of 2 : 3-dinitrdnaphthalene, crystallised from 
ligroin in clusters of scarlet needles, m. p. 140° (Hodgson and Turner, Joc. cit., give m. p. 86-5°) (Found: N, 15:0. Calc. 
for C,,H,O,N,: N, 14-970), 

3-Chloro-2-nitronaphthalene, prepared by the Sandmeyer decomposition of 3-nitro-2-naphthalenediazonium sulphate 
with acid vy, on chloride, crystallised from ethanol in brownish needles, m. p. 94°5° (Hodgson and Elliott, Joc. ci. 
m. p. 94:5°) (Found: N, 17-0. Calc. for CyjJH,O,NC1: N, 168%). 


The authors thank Imperial Chemical Industries, Ltd., for a scholarship (to D. E. H.) and the Dyestuffs Division for 
gifts of chemicals. 
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222. Asymmetric Transformations with Benzylmalonoanilic Acids. 
By Epna M. Davipson and E. E. TURNER. 


Second-order asymmetric transformations have been shown to occur with benzylmalonoanilic and benzyl- 
malono-o-toluidic acids. First-order asymmetric transformations were not observed. 


“FIRST-ORDER ”’ asymmetric transformation, as re-defined by Jamison and Turner (J., 1942, 437) in modification 
of Kuhn’s original definition (Ber., 1932, 65, 49), embraces the experimental observations of several authors, 
notably those of Read and McMath (J., 1925, 1572; hydroxyhydrindamine salts of chlorobromomethane- 
sulphonic acid) and of Mills and Elliott (J., 1928, 1291; brucine salts of N-benzenesulphonyl-8-nitro-1-naphthyl- 
glycine). The generalisations made by Jamison and Turner (J., 1938, 1646; 1940, 264; 1942, 427) were the 
result of the discovery and examination of many examples of first-order asymmetric transformation of salts 
of alkaloids with acids the optical instability of which depended on the presence of restricted rotation within 
the molecule. A fairly comprehensive analysis has thus been made for first-order asymmetric transformation 
associated with restricted rotation. Optical instability can also arise by a tautomeric process for which 
experimental data are meagre. Thus, although two excellent examples of second-order asymmetric trans- 
formation were observed with the alkaloidal salts of 2-o-carboxybenzy!-+1-hydrindone (I) (Leuchs and Wutke, 
Ber., 1913, 46, 2420), and hydrocarbostyril-3-carboxylic acid (II) (Leuchs, Ber., 1921, 54, 830), no observations 


classifiable as first-order asymmetric transformation were made. 
Hy 
NG OOH 
O 
NZ 


RR’ 
(III.) 


In selecting possible experimental material for such a study we rejected both of Leuchs’ acids since the first 
proved to be very sparingly soluble in organic solvents and the second was an isolated member of a series and, 
moreover, difficult to obtain (Ingold and Wilson, J., 1934, 773). We eventually chose the benzylmalonoanilic 
acid series, which bears certain obvious structural relationships to the hydrocarbostyril acid. 

Benzylmalonoanilic acid itself (III; R = H, R’ = Ph) is readily obtained by an adaptation of Chattaway’s 
method (J., 1910, 97, 940). When a mixture of ethyl benzylmalonate and aniline (1-5: 1 mols.) was boiled, 
40% of the aniline was converted into the mono- and 60% into the di-anilide. These were readily separable 
and the purification of the anilic acid was facilitated owing. to the sparing solubility of the sodium salt (IV, 
below). In alcoholic solution, the brucine salt of di-benzylmalonoanilic acid underwent second-order asym- 
metric transformation ; 83% of the material dissolved separating as optically pure brucine l-benzylmalonoanilate. 
This transformation, as might be expected, was accelerated by heating. A chloroform solution of the brucine 
salt showed mutarotation as a first-order change, for which k at 25-00° was approximately 0-078 (log,, : mins.-!; 
all values for k are in these units). d/-Benzylmalonoanilic acid being very sparingly soluble in chloroform, 
“activation ’’ experiments could not be made using this solvent, but equimolecular mixtures of acid and brucine 
in acetone or in dioxan showed no mutarotation, and it may be concluded that the above mutarotation in 
chloroform represents conversion into the partial racemate and not into a mixture of unequal amounts of the 
two diastereoisomerides. No activation could be detected using strychnine in acetone solution. When 
equimolecular quantities of dl-benzylmalonoanilic acid and cinchonidine were dissolved in acetone, a 90% 
second-order asymmetric transformation took place, with separation of the optically pure cinchonidine d-benzyl- 
malonoanilate. This salt showed mutarotation in chloroform but the change was too small for accurate rate 
Measurements. The active forms of benzylmalonoanilic acid, obtained by removal of the alkaloids, showed no 
tendency to racemise in alcoholic solution at the ordinary temperature. - - 

The sparing solubility of d/-benzylmalonoanilic acid led us to modify the molecule, and in dl-benzylmalono-o- 
tohdic acid [III, R = H; R’ = -C,H,Me(o)] prepared by the modified Chattaway method we found suitable 
material for a more extensive study. As in the case of the parent acid, the sodium salt was sparingly soluble in 
water. In warm acetone solution the cinchonidine salt of the d/-acid underwent second-order asymmetric 
transformation, an 83% yield of optically pure cinchonidine d-benzylmalono-o-toluidate crystallising out, unless 
prior inoculation with the base-dl-acid salt was permitted, when the latter separated. A solution of cinchonidine 
d-acid in chloroform exhibited mutarotation, which was observed as a first-order change for which k = 0-00635 
(183°). No first-order asymmetric transformation could be detected. Evaporation of the mutarotated 
solution (a) followed by removal of cinchonidine gave dl-acid and (b) followed by crystallisation from alcohol 
gave the partial racemate, the specific rotation of which in chloroform was identical with a solution in chloroform 
of equivalent quantities of base and dl-acid, a solution which did not mutarotate. 

A point of importance is that base-dl-acid salt is less /-rotatory than base-d-acid salt in chloroform solution, 
In alcohol solution, on the other hand, base-dl-acid salt is more /-rotatory than base-d-acid salt. These facts 
probably express an essential difference between the non-ionised form of the salt and the ionically ethanolised 
salt. An alcoholic solution of base-d-acid salt showed mutarotation of the first order type, k = 0-0044 (18-3°). 

change must represent partial racemisation, since an alcoholic solution of equimolecular proportions of 
4 
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cinchonidine and the di-acid did not mutarotate. Removal of cinchonidine from base-d-acid salt gave d-benzyl. 
malono-o-toluidic acid, which did not racemise at a measurable rate in alcohol at the ordinary temperature 
and racemised slowly in formic acid solution (}-life period 381 mins. at 18-3”). 
The essential mechanism permitting second-order asymmetric transformation in the above examples js 
clearly : 
PhCH, 


- : 
_ PACH —C = mK 
H Ber € PhCH, O 
H 


d-Keto form. Symmetrical enol form. l-Keto form. 


and it seems probable therefore that the absence of first-order asymmetric transformation even in chloroform 
solution is due to the following conditions : 


slow fast 
Base d-keto acid — > Base enol acid — > Base /-keto acid 
‘fast. p> we 


so that, in fact, there is no real equilibrium between the active salts. For first-order asymmetric transformation 
to be observable, the fast and slow changes would have to be interchanged. 

Although d-benzylmalono-o-toluidic acid is itself difficult to racemise, immediate loss of optical activity 
occurs when its alcoholic solution is titrated with alcoholic sodium hydroxide or alcoholic potassium hydroxide, 
the disappearance of optical activity being precisely proportional to the alkali added, becoming complete when 
one equivalent of alkali has been added. Since ionisation of the carboxyl group cannot of itself promote the 
relevant keto-enol change and in fact would tend to hinder the initial removal of the «-proton, some other 


process must operate. 
PhCH, a has the cyclic structure (IV) ; this contains a modified 8-diketone grouping which would 
#8 be expected to exhibit relatively high tautomeric mobility resulting, we think, in 
(IV.) apy almost complete enolisation, corresponding to optical inactivity. From the: fact 
that the free acid has a high degree of optical stability i in -ethyl-alcoholic and in 
formic acid solutions it seems probable that in these circumstances the acid is 


The sodium salt of the acid is sparingly soluble in water and therefore it probably § 


H 


ve 
PhCH, O,H PhCH. 
rather than 
H ONHR sei 


which is not surprising in view of the solvatory properties of these two solvents. 
The pyridine and piperidine salts of benzylmalono-o-toluidic acid cannot be represented analogously to the 
sodium salt and it is probable that they will be either X or Y : 


PhCH, O,H 
(X.) Sov 


\CONHC,H, 


although, of course, other possibilities exist. Y would tend to racemise much more quickly than X and con- 
siderably more quickly than the acyclic free acid itself. Quantitative measurements of the rate of racemisation 
of the pyridine salt were made in the solvents chloroform, ethyl acetate, ethyl alcohol and methy] cyanide. 
With the first three solvents at 25-00°, racemisation was preceded by an induction period of 12, 25 and 75 
minutes, respectively, but thereafter proceeded normally, the rate constants for the first order changes being 
0-015, 0-0016 and 0-0040 in the order named. With methyl cyanide the rate constant was 0-0051 and there was 
no induction period. On one occasion a chloroform solution also began to racemise without an observable 
period of induction. 

One point of considerable interest is that the solution of the pyridine salt of the d-acid in chloroform was 
l-rotatory; whereas the solutions in alcohol, ethyl acetate and methyl cyanide were d-rotatory. A second poitt 
of interest is that mixtures in alcohol of the d-acid with 0 to 1-0 equivalent of pyridine had identical rotations. 

On the other hand an alcoholic solution of the d-acid, having a = + 1-34°, hada = —0-20° after the addition 
of 1 molecule of piperidine. In a series of rate determinations the following observations were made with varying 
proportions of piperidine and d-acid in alcohol at 18-3° : 

Equivs. of Equivs. of 
c, acid. piperidine. Initial a. , *  ¢, acid. piperidine. _Initial a. k. 
1-3707 1-26 ‘ —0°35° : : 0-50 -+0-68° 0-0035 
1-4180 1-00 —0-34 | . 0-50 +0-68 0-0032 


all mutarotating to zero. 
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These results are surprising, for although at first sight it appears that in presence of only 0-5 equivalent of 
piperidine one is following the racemisation of only half the d-acid present, this, in fact, cannot be the case, 
since the free acid does not racemise at an appreciable rate in alcohol, and yet in both experiments with a defect 
of piperidine complete racemisation occurred, the rate constant being the same as that for 1 or 1-26 equivalents 
of base (period of 4 change about 94 mins.). As a comment on these facts it may be recorded that an 
ethyl-alcoholic solution of the d-acid containing the neutral salt, tetraethylammonium chloride (selected as likely 
to have an effect similar to that of the above piperidine salt), showed no tendency to racemise at 18-3”. 

In order to study the effect of preventing the second tautomeric change to which benzylmalonoanilic acids 


are subject, viz., 
Baie i PhCH 
H ONHR H 


benzylmalonopiperidinic and benzylmalonoethylanilic acids were prepared. These acids are very soluble in 
organic solvents, suggesting a cyclic structure, and both form sparingly soluble sodium salts which are doubtless 
analogous to (IV). 

The cinchonidine salt of dl-benzylmalonopiperidinic acid gave rise to no second-order asymmetric trans- 
formation in either acetone or algohol. A very high yield of one and the same crystalline salt was formed with 
both these solvents. Its chloroform solution did not mutarotate, nor was its optical composition essentially 
altered after prolonged digestion with insufficient boiling acetone to dissolve it, conditions under which second- 
order asymmetric transformation, had it been favoured, would have been accelerated. Removal of the cin- 
chonidine gave the di-acid. Clearly in this case, the partial racemate (a mono-hydrate) is the least soluble form. 

Benzylmalono-ethylanilic acid could not be made by Chattaway’s method; the only product isolated after 
heating ethyl benzylmalonate with methylaniline or ethylaniline was 2 : 4-diketo-3-benzyl-1-methyl-1 : 2:3: 4- 
tevahydroquimoline and the corresponding ethyl compound respectively. 

Reissert (Ber., 1892, 25, 1193) obtained 2 ; 4-diketo-1-methyl-1 : 2 : 3: 4-tetrahydroquinoline from ethyl 
malonate and methylaniline. It was found possible to isolate small amounts of the intermediate compound, 
ethyl malonomethylanilate, by heating with a large excess of methylaniline for 12 hours at 120°. Malono- 
methylanilic acid was obtained from the ester on hydrolysis. 

A successful synthesis for benzylmalono-ethylanilic acid from ethyl cyanoacetate was finally achieved using 
cyanoacetophenylethylamide, made from ethyl cyanoacetate according to the method of Guareschi (Aiti R. 
Accad. Scienze Torino, XXVII, 1017). This with benzyl chloride in presence of sodium ethoxide condensed to 
give cyanobenzylacetophenylethylamide, which was partially hydrolysed with alcoholic potassium hydroxide to 
give benzylmalonoethylanilic acid. . ’ 


PhCH. N PhCH. O,H 
CN-CH,°CO,Et —-> CN-CH,*CO-NPhEt —> ——> 
H *NPhEt H O-NPhEt 


EXPERIMENTAL. 


All polarimetric measurements were carried out in a 2 dm. tube and refer to A 5461; & is expressed in Briggsian 
logarithms and min.—. 

_ dl-Benzylmalonoanilic Acid.—Adapting a method of Chattaway (J., 1910, 97, 940), benzylmalonoanilic acid was obtained 
in 40% yield.* Benzylmalonodianilide was also formed (yield 60%) and crystallised from alcohol in needles, m. p. 218°. 
Sodium benzylmalonoanilate crystallised from water in clusters of long needles, m. p. 220° (decomp.). It is soluble in 
alcohol (Found: Na, 7:0; M, 329. C,,H,,0,NNa,2H,O aires Na, 70%; M, 327). 

_ Brucine 1-Benzylmalonoanilate.—The dl-acid (2-69 g.) and beucine (3-94 g.) were dissolved together with gentle warming 
in alcohol (150 c.c.). Thé solution was filtered and the filtrate, on standing, or more quickly on warming, deposited 
brucine 1-benzylmalono-anilate (5-5 g., 83%) in fine silky needles, m. p. 128° (decomp.) (Found : C, 68-7; H, 6-7; N, 6-1. 
CyH,,0,Ns, HO requires C, 68-7; H, 6-4; N, 62%). , 

Cinchonidine d-Benzylmalono-anilate-—The dl-acid (1-34 g.) and cinchonidine (1-42 g.) were dissolved together in 
acetone (30 c.c.) with gentle warming. The solution was filtered and, on warming the filtrate, cinchonidine d-benzyl- 
malonoanilate (2-4 g., 90%) rapidly separated in needles, m. p. 165° (decomp.) (Found: C, 71-9; H, 6-4. C,5H,,O,N; 
requires C, 72-6; H, 6-4%). 

1-Benzylmalonoanilic Acid.—The brucine J-acid salt, in chloroform solution at 0°, was treated with hydrochloric acid 
and the precipitation of the liberated acid completed by addition of ligroin (b. p. 40—60°). The acid was freed from 
traces of brucine by dissolving it in alcohol and precipitating with water. The acid (0-067 g.) was dissolved in alcohol 
(to 20c.c.); a 0-92°, [a] 13-73° at.14°. No racemisation was observed. 

d-Benzylmalonoanilic acid was obtained as for the /-acid by decomposing the cinchonidine d-acid salt. The acid 
(01449 g.) was dissolved in alcohol (to 20 c.c.); @ 1-38° at 18°, [a] 9°52°. 

di-Benzylmalono-o-toluidic acid and benzylmalonodi-o-toluidide were prepared by the general method. Ethyl benzyl- 
malonate (37 g.) and o-toluidine (10-7 g.) gave benzylmalono-o-toluidic acid (8 g.) and benzylmalonodi-o-toluidide 
se g.). dl-Benzylmalono-o-toluidic acid crystallised from alcohol in needles, m. p. 154° (decomp.) (Found: C, 72-0; 

12H,,0,N requires C, 72-1; H, 6-0; N, 4-9%). Benzylmalonodi-o-toluidide crystallised from alcohol, 
ingly soluble, in small needles, m. p. 190° (Found : C, 77:8; H, 6-3; N, 7-6. C,,H,sO,N, requires 
» 75%). Sodium benzylmalono-o-toluidate ised, on cooling a solution in hot water, in long 


crystallised 
eedles lost water of crystallisation at 100° and had m. p. 283° (decomp.) (Found : Na, 6-6. C,,;H,,0,;NNa,2H,O 
requires Na, 6-8%). 


* M. p. 180° (decomp.) ; Dieckmann, Hoppe and Stein, Ber., 1904, 37, 4633, who obtained the anilide from the ethyl 


ester of benzylacetylmalonoanilic acid, gave no melting point. 


846 Davidson and Turner : 


Cinchonidine d-Benzylmalono-o-toluidate.—(i) The dl-acid (4-25 g.) and cinchonidine (4-41 g.) were dissolved togethe 
with gentle warming in acetone (100 c.c.). The solution was filtered and then heated under reflux at 70° for 4 hou, 
The d-salt se ted slowly during this time in needles. First fraction (4-68 g., 54%), had m. p. 155—156° (decomp): 
on evaporating the filtrate to half bulk and heating at 70° for a further 4 hours, a second fraction (2-47 g., making a tot 
of 83%) of d-salt separated, m. p. 155—156° (decomp.) (Found: C, 74-8; H, 6-7; N, 7:4. C3gH3,0,N, requires C, 744. 
H, 6-8; N, 7-4%). 

First fraction : a portion ((-2189 g.) dissolved in chloroform (to 20 c.c.) had a — 1-65°, [a] — 754°. 

Second fraction : a portion (0-2007 g.) dissolved in chloroform (to 20 c.c.) had a — 152°, [a] — 75-5°. 

In each case a was read 5-() minutes after wetting the salt. 

(ii) Repeated as (i), using the dl-acid (18-05 g.) and the base (18-89 g.) in acetone (450 c.c.) a yield of 80% was obtainej, 
On,another occasion the di-salt was obtained. 

Effect of Concentration on the Specific Rotation of Cinchonidine d-Benzylmalono-o-toluidate in Chloroform Solution~ 
For ¢ = 0-3375 to c = 1-5495 [a] changed from — 86-07° to — 68-73° (initial) and from — 77-03° to — 61-95° (final). 

Cinchonidine d-Benzylmalono-o-toluidate—Mutarotation in chloroform solution at 18°3°. (a) c = 16426. Readings 
were begun 5 mins. after wetting with solvent and changed from — 2-35° to — 2-05°; i.e., [a] — 71°5° to — 62-5°: mea 
k = 0-0061 (14 values; limits, 0-00502 and 0-00730). 

(b) c = 15100. Readings were begun 6 mins. after wetting with solvent and changed from — 2-16° to — 1-90°, ie, 
[a] — 71-5 to — 62-9; k = 0-0066 (limits, 0-0052 and 0-0075). 

Investigation of equilibrium. (a) Acid: base ratio1:1. 0-1470 G. of cinchonidine was dissolved to 20 c.c. in chlom. 
form and 0-1415 g. of the di-acid added. Readings were begun 5 mins. after addition of the acid. a — 1-81°. \y 
mutarotation was observed within 24 hours. 

(b) Acid : base ratio, 2:1. 0-1470 G. of cinchonidine was dissolved to 20 c.c. in chloroform and 0-283 g. of the 
dl-acid added: a — 2-03°. Nc mutarotation was observed within 24 hours. . 

(c) Examination of the equilibrated salt from chloroform solution. After equilibration of the cinchonidine d-benzyl- 
malono-o-toluidate the solvent was evaporated under reduced pressure. The salt residue was (i) crystallised from 
alcohol; 0-3010 g. dissolved to 20 c.c. in chloroform had a — 1-88°, [a] — 62-45°; no mutarotation was observed; {i 
decomposed with formic acid; benzylmalono-o-toluidic acid was precipitated, and the precipitation was completed by 
pouring the formic acid mixture into water; the acid (0-0416 g.) dissolved to 20 c.c. in chloroform gave a solution 
having a 0-00°. 

Cinchonidine d-Benzylmalono-o-toluidate. Mutarotation in Alcohol at 18-3°.—(a) c. = 1-4780: readings were begun} 
minutes after wetting with solvent and changed from a — 2-23° to — 2-49°, i.e., [a] — 75°6°to — 84:2°; mean k = 0-004 
(16 values; limits, 0-00352 and 0-00509). 

(b) c = 1-6033; readings were begun 10 mins. after wetting with solvent and changed from — 2-46° to — 2-715° ie 
[a] — 76°6° to — 84-7°; k = 00045 (limits, 0-0038 and 0-0051). ' 

d-Benzylmalono-o-toluidic Acid.—Cinchonidine d-benzylmalono-o-toluidate (7 g.) was ground with formic acid 
(30 c.c.) in the cold. d-Benzylmalono-o-toluidic acid separated and the precipitation was completed by adding wate 
(250 c.c.) at first drop by drop and then more quickly. The mixture was filtered, ground up with water (200 c.c.) and 
dried on a water-bath, giving d-acid (2-98 g., 88%), m. p. 155—-156° (decomp.). 0-1622 G. dissolved to 15 c.c. in alcohd 
had at 18° a 0°61°, [a] 56-4°. No racemisation was observed within 24 hours. m 

d-Benzylmalono-o-toluidic Acid. Racemisation in Formic Acid Solution.—Solvent: formic acid containing 1 c.c. o 
water in 15 c.c. of acid solution; c = 1:3320. Readings changed from 0-41° to zero; k = 0-00079 (7 values; limits 
0-00078 and 0-00081). 

Racemisation of the Pyridine Salt of d-Benzylmalono-o-toluidic Acid.—For each solvent a standard solution of pyridine 
in that solvent was prepared and 1 equivalent of this solution added to the acid in each experiment: c is givenas the 
concentration of the acid, without regard to the added pyridine solution. 

Alcohol. Temp. 25-0°; (i) c = 1:2487; 15 c.c. of this solution required 0-47 c.c. of pyridine solution containing 
2-2412 g. of pyridine in 20 c.c. of alcohol solution. Readings were begun 4:7 mins. after adding the pyridine solution 
There was an induction period lasting 75 mins., during which there was very little change in the observed rotation 
Readings changed from 1-305° to zero; mean k = 0-00042 (17 values; limits, 0-000396 and 0-000485). 

7 (ii) : _ 0700; 15c.c. of this solution required 0-40 c.c. of the pyridine solution. The induction period lasted 70 mins.; 
= 0- 6. 

Ethyl acetate. Temp. 25-0°. (i) c = 1-2947; 15 c.c. of this solution required 0-55 c.c. of pyridine solution containing 
1-9762 g. of pyridine in 20 c.c. of ethyl acetate solution. There was an induction period lasting 25 mins. Reading 
changed from 0-72° to zero; mean & = 0-0016 (21 values; limits, 0-00119 and 0-00180). 

Ay us = Dasa Induction period lasted 25 mins. Readings changed from 0-81° to zero; k = 0-0017 (limits, 0-0013 
and 0- ; 

Methyl cyanide. Temp. 25-0°; (i) c = 0-7740; 15c.c. of this solution required 0-26 c.c. of pyridine solution containing 
2-4800 g. of pyridine in 20c.c. of methyl cyanide solution. Readings were begun 5 mins. after adding the pyridine solution 
— ae from 0-555° to zero. No induction period was observed; & = 0-0051 (23 values; limits 0-00457 and 

00564). 

(ii) c = 0-8233. Readings changed from 0-565° to zero. No induction period was observed; mean i = 0-005? 
(limits, 0-0050 and 0-0055). ac 

Chloroform. Temp. 25-0°. (i) c = 1-2233; 15 c.c. of this solution required 0-48 c.c. of pyridine solution containilf 
2-1155 g. of pyridine in 20 c.c. of chloroform solution. Readings were begun 4-7 mins. after adding the pyridine solu- 
tion and changed from —0-28° to zero. There was an induction period lasting for 12 mins.; mean k = 0-014 (12 values; 
limits, 0-0128 and 0-0176). =P 

(ii) ¢ = 1-2793. Readings changed from — 0-30° te zero. No induction period was observed; & = 0-016 (limits, 
0-014 and 0-019). ” 

Dioxan. Temp. 18-3°; c = 1:3807; 15 c.c. of this solution required 0-55 c.c. of pyridine solution containing 2:1079¢. 
of pyridine in 20 c.c. of dioxan solution. Readings were begun 10 mins. after adding the pyridine solution and changed 
from 1-21° to zero; k = 0-00166 (limits, 0-00158 and 0-00174). 

_ _ Neutral Pyridine Salt of d-Benzylmalono-o-toluidic Acid in Alcohol.—A solution of the acid in alcohol was prepared 
initially : c = 0-5490; a 0-62°; 16-5c.c. (i.e., the capacity of the polarimeter tube) of this solution required 0-41 c.c. ofa 
pyridine solution containing 1-2446 g. of pyridine in 20 c.c. of alcohol, to contain 1 equivalent of acid and 1 equivalent of 


ee The rotation remained constant on the addition of successive amounts of pyridine until 1-95 equivalents had beet 
added. 


- 


Piperidine Salt of d-Benzylmalono-o-toluidic Acid in Alcohol. Piperidine added in Successive Proportions.—c = 1:1965; 
the rotation became negative in sign as 1 equivalent of piperidine was added and thereafter the further addition of a 
second equivalent of piperidine produced no immediate change of rotation, but the solution slowly racemised to zero. 





‘ 
> 
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Time in mins. after Ist Equivs. of Time in mins. after Ist Equivs. of 
addn. of piperidine. piperidine added. . addn. of piperidine. piperidine added. 
0 0 , 


1: 
4—9 0-03 0- 
10—16 0-056 0-3 

0-1 


18—23 0-068 ‘ —0-11 
24—29 0-082 0-00 : 0-00 
30—34 1-00 —0-20 


Racemisation of the Piperidine Salt of d-Benzylmalono-o-toluidic Acid.—In Alcohol. Temp. 18-3°. (i) Acid : base ratio, 
1: 1-26; c (acid) = 13707; readings were begun 12 mins. after adding the piperidine and changed from —0-35° to zero; 
k = 00029 (limits, 0-0025 and 0-0034). 

(ii) Acid : base ratio, 1: 1; c(acid) 1-4180; readings were begun 10 mins. after adding the piperidine and changed from 
— 0:34° to zero; k = 0-0030 (limits, 0-0027 and 0-0033). 

(iii) Acid : base ratio, 0-5: 1; c (acid) 1-4673; readings were begun 10 mins. after adding the piperidine and changed 
from 0-68° to zero. 

(iv) Acid : base ratio, 0-5: 1; c (acid) 1-4107; readings were begun 5 mins. after adding the piperidine and changed 
from 0-68° to zero; k = 0-0032 (limits, 0-0028 and 0-0034). 4. 

In dioxan. On addition of 1 equivalent of piperidine to a solution of the acid, c = 1-2927, in dioxan, the piperidine 
salt crystallised out, m. p. 155° (decomp.) (Found: N, 7-6. C,,;H,,0;N, requires N, 7-6%). 

Neutralisation of d-Benzylamalono-o-toluidic Acid in Alcohol with Alkalis.—(A). Alcoholic potassium hydrotide. 
(1) Alkali added in successive portions. Rotation diminished at once in exact proportion to the potassium hydroxide 
added, becoming zero just before 1 equivalent had been added, showing that slight racemisation of the acid present as 
such accompanies salt formation. c (acid) = 1-0235. 


Time in mins. after lst Equivs. of Time in mins. after Ist Equivs. of 
addn. of KOH. KOH added. a. addn. of KOH. KOH added. 
0 0 r 1-12° 33—36 0-7619 
3—12 0-1982 0-80 43—52 0-9523 
13—20 0-3862 0-635 53—60 1-00 
23—30 0-5608 0-345 — ~ 


(ii) Acid : alkali, 1: 1 (initially); a 0-00°, first reading within 4 mins. of adding the alkali. 

(B). Similar results were obtained using alcoholic sodium hydroxide. 

Effect of the Neutral Sodium Salt on the Racemisation of d-Benzylmalono-o-toluidic Acid in Alcohol.—Temp. 18°. 
Acid : base ratio, 2:1; readings changed from 0-22° to zero; k = 0-00095 +0-00005. 

Racemisation of the Ammonium Salt.—Temp. 18°. (A) Alcohol. Acid: base ratio, 1:1; a 0-00° within 5 mins. 
(B) Water. Acid : base, 3:1; readings changed from 9-215 to zero; & is of the order 0-00015; i.¢., 4-life period is about 
33 hours. 

d-Benzylmalono-o-toluidic Acid in Presence of the Neutral Salt, Tetraethylammonium Chloride.—Temp. 18-3°. Alcohol. 
Acid ; salt, 1: 1; no racemisation was observed within 24 hours. 

Synthesis of Benzylmalonoethylanilic Acid.—Benzylcyanoacetophenylethylamide. Cyanoacetophenylethylamide (18-8 g., © 
1 mol.; prepared according to Guareschi, Joc. cit.) was added té sodium (2-3 g., 1 atom) dissolved in alcohol (50 c.c.). 
Benzyl chloride (12 g., 1 mol.) was run in with shaking so that all had been added within 5 mins.; the mixture became 
hot and sodium chloride separated. The reaction was completed by heating under reflux on a water-bath for 30 mins., 
after which time the mixture reacted neutral to moist litmus. Some of the alcohol was distilled away; on pouring the 
remainder of the solution into water (1 litre), benzylcyanoacetophenylethylamide separated as a solid which crystallised from 
—_ in stoi m. p. 110—112°; yield, .93% (Found : ns 775; H, 6-7; N, 10-2. C,gH,,ON, requires C, 77:7; H, 

D; N, 10-1 h). 

Benzylmalonoethylanilic acid. To a solution of potassium hydroxide (1-3 g.) in water (3 c.c.) and alcohol (11 c.c.) 
benzylcyanoacetophenylethylamide (5-5 g.) was added and the mixture heated on a water-bath under reflux for 1 hour. 
The alcohol was evaporated off, leaving a solid residue which was dissolved in water and extracted three times with ether 
to remove unchanged starting material (0-53 g.). The aqueous layer was heated for a few minutes to drive off traces of 
ether and acidified with dilute hydrochloric acid; an oily liquid separated which showed no tendency to solidify. On 
adding sodium hydroxide to the oil sodium benzylmalono-ethylanilate separated. The salt was readily soluble in benzen, 
but sparingly soluble in cold water, from which it-crystallised in shining plates, m. p. 180° (decomp.) (Found: Na, 4-6 
C,sH,,0,NNa,10H,O requires Na, 46%). The pure salt was acidified with hydrochloric acid and benzylmalono- 
ethylanilic acid again separated as a semi-solid, which crystallised from carbon tetrachloride and ligroin (b. p. 60—80°), 
m. p. 106—107° (decomp.); yield, 48% (Found: C, 73-0; H, 6-9. C,,H,,0O,N requires C, 72-7; H, 65%). From 
30 g. of cyanide 22 g. of salt were obtained. Attempts to prepare active brucine, strfchaine, morphine, cinchonine, 
cinchonidine, quinine and quinidine salts were unsuccessful. 

_2: 4-Diketo-3-benzyl-1-methyl-1 :,2 : 3: 4-tetrahydroquinoline.—Ethyl benzylmalonate (37 g., 1-5 mols.) and methyl- 
aniline (10-5 g., 1 mol.) were heated together to gentle boiling for 1 hour. The mixture solidified on cooling and the only 
product isolated was 2 : 4-diketo-3-benzyl-1-methyl-1 : 2 : 3 : 4-tetrahydroquinoline which crystallised from alcohol in needles, 
m. p. 218°; yield, 14 g. (Found : C, 76-7; H, 5-7; N, 5-3. C,H, ,0,N requires C, 76°8; H, 6-1; N, 5-3%). 

2: 4-Diketo-3-benzyl-l-ethyl-1:2:3: 4-tetrahydroquinoline—By heating ethyl benzylmalonate similarly with ethyl- 
aniline, 2 : 4-diketo-3-benzyl-l-ethyl-1 : 2 : 3 : 4-tetrahydroquinoline was obtained, and crystallised from alcohol in plates, 
m. p. 228—230° (Found : N, 5-0. C,,H,,O,N requires N, 5-0%). 

Malonomethylanilic Acid.—Ethy1 malonate (40 g., 2-5 mols.) was heated with methylaniline (10-7 g., 1 mol.) at 120° 
for 12 hours. The resulting liquid was distilled under reduced pressure. . Unchanged ethyl malonate and methylaniline 
were recovered in a first fraction (42 g.) but a small fraction (6 g.) boiling above 165°/7 mm. was collected, although 
considerable decomposition occurred. The product was hydrolysed by boiling for a few minutes with 10% sodium 
hydroxide solution. On acidifying with hydrochloric acid malonomethylanilic acid separated. Crystallisation from a 
small amount of alcohol, in which it is easily soluble, gave needles, m. p. 120° (decomp.) (Found : C, 62-2; H, 6-0; N, 7-7. 
CiH,,0,N requires C, 62-1; H, 5-7; N, 7-3%). On heating, malonomethylanilic acid decomposes to give acetophenyl- 
methylamide, m. p. 101—102°. 

Reaction between Benzaldehyde and Cyanoacetophenylmethylamide.—(i) Leading to ay-dicyano-B-phenyl-glutarodiphenyl- 
wethylamide, ‘ Benzaldehyde (12 g., 1-1 mol.) and cyanoacetophenylmethylamide (17-4 g., 1 mol.; as prepared 
y Guareschi, loc. cit.) were mixed with piperidine (3 drops) and left at 0° for some hours. ae a nyl- 
sulavodiphenylmethylamide (15 g.) separated, crystallising from alcohol in flat polyhedra, m. p. 180° (Found: 
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C, 73-7; H, 5-5; N,12-1. C,,H,,O,N,requiresC, 74:3; H, 5-5; N,12-8%). Complete hydrolysis with 70% sulphuric agi 
gave B-phenylglutaric acid, m. p. 138° (Knoevenagel, Ber., 1902, 35, 393). 

(ii) Leading to benzylidenecyanoacetophenylmethylamide. Cyanoacetophenylmethylamide (20 g.) and benzaldehyy 
(100 g.) with piperidine (3 drops) were heated for 15 hours on a water-bath. The excess benzaldehyde was distilled og 
under reduced pressure and the crude residue of benzylidenecyanoacetophenylmethylamide was crystallised from alcohg 
m. p. 92°; yield, 93% (Found: C, 77-6; H, 5-5; N, 10-9. C,,H,,ON, requires’C, 77-8; H, 5-4; N, 10-7%). 

Benzylidenecyanoacetic Acid.—Benzylidenecyanoagetophenylmethylamide (8 g.) was heated under reflux on a water 
bath with potassium hydroxide (2 g.) in water (2 c.c.) and aicohol (20 c.c.). The solid which rapidly separated wa 
filtered off and acidified with hydrochloric acid; the product, benzylidenecyanoacetic acid, crystallised from glacial acetig 
acid in prisms, m. p. 180° (decomp.); yield 3-7 g. (Figuet, Ann. Chim. Phys., 1893, 29, 442). 

Benzylmalonopiperidinic acid was prepared by the general method, but in this case no dipiperidide was isolate, 
Ethyl benzylmalonate (15-3 g.) with piperidine (12 g.) gave benzylmalonopiperidinic acid (14 g.) which crystallised frog 
alcohol in prisms, m. p. 135° (decomp.) (Found : C, 68-7; H, 7:6; N, 5:5. C,;H,,O3;N requires C, 68:9; H, 7-3; 5-49) 
Sodium eg > yr ie ae crystallised on cooling a solution in hot water, in small,needles, m. p. 260° (decomp) 
(Found: Na, 7-0. C,,H,,0,NNa,2H,O requires Na, 7-0%). 

Cinchonidine Benzylmalonopiperidinate.—(i) The dl-acid (0-26 g.) was dissolved in acetone (3 c.c.) and mixed with 
cinchonidine (0-29 g.) in acetone (17c.c.)._ On gentle warming cinchonidine benzylmalonopiperidinate (0-54 g.) was deposited, 
m. p. 161° (decomp.) (Found: C, 71-6; H, 7-6; N, 7-9. Cs,H,,0O,N;,H,O requires C, 71-2; H, 7-5; N, 74%). (ii) The 
dl-acid (0-26 g.) and cinchonidine (0-2 g.) were dissolved together with gentle warming in alcohol (6c.c.). Cinchonidie 
benzylmalonopiperidinate separated in long needles, m. p. 161° (decomp.); yield, 18-1%. 

In each case no mutarotation of the salt was observed in chloroform solution; [a] —60-6°. The rotation of th 
chloroform solution was unaffected by adding excess of the d/-acid. Cinchonidine benzylmalonopiperidinate (0-3 ¢,) i: 
acetone (10 c.c., insufficient solvent to dissolve the salt completely) was heated under reflux for 5 hours.and the mixtur 
cooled and filtered. Both the residue and the filtrate were examined polarimetrically. (a) A portion of the residy 
(0-1590 g.) was dissolved to 20 c.c. in chloroform and the first reading taken within 3 mins. of wetting the salt; a — 0-94". 
[a] — 59-1°. No mutarotation was observed within 24 hours. (b) The filtrate was evaporated to dryness under reduce 
pressure and a portion of the residue (0-0988 g.) was dissolved in chloroform (to 20 c.c.); a — 0-61°, [a] — 61:7°. No 
mutarotation was observed within 24 hours. The benzylmalonopiperidinic acid liberated from the salt was inactive 
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223. Experiments on the Interaction of Hydroxy Compounds and Phosphorus ani 
Thionyl Halides in the Absence and in the Presence of Tertiary Bases. Part Ill. 


By W. GERRARD. 


Whereas addition of phosphorus tribromide (0-33 mol.) to (+)8-octanol slowly formed a high yield, and 
addition of the alcohol to excess tribromide gave a much lower yield of (—)bromide, RBr, both yields were 
considerably reduced by the removal of hydrogen bromide by a stream of carbon dioxide. End-on attack of 
hydrogen bromide on phosphites in the first example (compare action of phosphorus trichloride, Part I, J., 1944, 
85) or on bromophosphites in the second (contrast action of the trichloride) appears to be responsible for produc- 
tion of the bromide, RBr. 


(+)Phenylmethylcarbinol reacted quickly and gave a good yield of (—)bromide, RBr, by either order of 
addition, a stream of carbon dioxide having no effect. Ethyl (+)mandelate behaved in an intermediate way. 

Whereas addition of the tribromide (0-33 mol.) to a mixture of each of these hydroxy compounds in turn 
(1 mol.) and respectively pyridine, quinoline, dimethylaniline (1 mol.) gave rise to the phosphite P(OR), and 
the hydrobromide of the base, further addition of the tribromide led to formation of (—)f-octyl bromide at 100’, 
(—)a-bromoethylbenzene at 16°, and almost completely racemised ethyl phenylbromoacetate» 


ComPaRING the results of adding phosphorus tribromide (0-33 mol.) to the alcohol (1 mol.) followed by refluxing 
for 1 hour, with those obtained when red phosphorus and bromine (equivalent to 0-33 mol. of tribromide) 
were used, Tseng and Hou (J. Chinese Chem. Soc., 1934, 2, 57) quote the following yields of bromides, KBr, 
obtained by them: Me, 34% (33); Et, 40 (22); Pr, 66-5 (41-7); Pr8, 58-7 (43-3); Bu, 59-5 (53); Bué, 49-7 (38); 
tert.-Bu, 59-4 (43-7)%, the figures in brackets being for the red phosphorus—bromine experiments. As the 
authors state, these yields are lower than are to be expected if the reaction proceeds as represented by the 
equation, PBr, + 3ROH = H,PO, + 3RBr. Reynolds and Adkins, however (J. Amer. Chem. Soc., 1929, 51, 
280), obtained iso-butyl, sec.-butyl, tert.-butyl, iso-amyl, n-heptyl, and sec.-octyl bromides in 80—85%, yields 
by the addition of the tribromide to the alcohol; but quantities and procedure are not stated. In “‘ Orgaillt 
Syntheses ” (1933, 18, 20) the yields quoted are: Buf, 60; sec.-butyl, 80; Pr, 95; and Pré, 68%, obtained by 
addition of the tribromide (0-33 mol.) to the alcohol (1 mol.) at —10°, followed by distillation of the alkyl 
bromide from the reaction mixture. In contrast, the 29% yield of sec.-butyl bromide (Kenyon, Phillips, and 
Pittman, J., 19365, 1072) obtained by using the tribromide (1 mol.) in ethereal solution, is interesting. 

The type and sequence of the reactions which occur during the interaction of phosphorus tribromide and 
(+)f-octanol, (+)phenylmethylcarbinol, and ethyl (+)mandelate severally, in the absence and in the 
presence of tertiary bases have now been studied, and these are explained in terms of end-on and broadside 
collisions between molecules, which on approach are suitably orientated by the mutual interaction of existing 
or induced relative polarities of parts of the molecules (cf. Part I, Joc. cit., and Part II, this vol., p. 106). 

Tn consideration of the quantum mechanical treatment of a chemical reaction (London, Z. Electrochem. 
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1929, 35, 552; Eyring and Polanyi, Z. physikal. Chem., 1931, 12,279; Discussion, Trans. Faraday Soc., 1938, 34, 
]) it may be accepted that an end-on approach is most likely for a three-centre system such as the 
pnionic exchange, X->C——Y-> to X—C. Y-—, and will lead to an inversion of configuration probably by 
he mechanism outlined by Lewis (“ Valence,” 1923, 113; cf. Mills, J., 1944, 340) and Olson (J. Chem. Phys., 
1933, 1, 418). According to Eyring, the best manner of approach for the four centre system, A—B + C—D = 
4C + BD, is in one plane, with A approaching C as B approaches D, i.e., a broadside collision, the four atomic 
entres being in the transition state together. A broadside collision does not favour inversion. There appears 
o be no evidence, however, that am end-on collision for a four centre system is necessarily prohibited; steric 
and polar factors might hinder the broadside approach and encourage the end-on collision, e.g., ®H——BrO 

@R—O—P(OR),, 7.e., the ‘‘ attacking’ group need not be an ion; dissociation and subsequent association 
may occur after collision. (The signs in circles represent partial charges.) The probability of occurrence of 
efiective orientation is involved in the probability factor, P, of the equation, Velocity = PZe-#/®" (Hinshelwood, 
and Winkler, J., 1936, 371), and in order to evaluate the effect of a change in structure, it is desirable to deter- 
mine in what way the system responds to changes in experimental conditions. 

Addition of the tribromide (0-33 mol.) to (+-)6-octanol (Table I) below 0° favours the primary formation of 
phosphorus esters and hydrogen bromide, probably by broadside collision (I), and these then undergo 
subsequent interaction by the end-on mechanism (II). 


6 oe & 96 ~ = 
0%. PBr(OR), + HBr H—Br->R—OP(OR), —> RBr + H + OP(OR), —> O<-PH(OR), 
@P—Br P(OR), + HBr 


{Perfor + HBr 
—> 
NBr (I) (II.) 


Elimination of the first R group is rapid even below 0°; but the second step is much slower; the yield of 
bromide, RBr, is considerably reduced either by keeping the temperature below 0° or by driving off the hydrogen 
bromide in a stream of carbon dioxide. When hydrogen bromide is passed into (+)tri-8-octyl phosphite, the 
formation of (—)8-octyl bromide and (+-)di-8-octyl hydrogen phosphite is much more rapid than is the con- 
version of the latter into (+-)8-octyl dihydrogen phosphite. Hydrogen bromide passed into the last compound 
at 60—70° yielded (—)8-octyl bromide. A reasonable explanation may be found in the cause of the dibasicity 


’ - + " 
of phosphorous acid which appears to have the structure O—PH(OH),. In tri-$-octyl phosphite, the lone pair 
of electrons on the phosphorus atom appears to bring into play a mechanism which can only be available for 


- + 
the replacement of the second R group if the isomerisation O-~-PH(OR), —~ OH-P(OR), occurs. Formation 


of the hydrogen bond, (RO),P . . . . HBr, is a possibility, and this or the ionised form, (RO),PH + Br, would 
have the effect of increasing the positive polarity of the active centres of the R groups. Activity of the lone 


+ - 
pair is illustrated by the reaction, P(OEt), + RBr = PR(OEt),Br, which can be realised. At higher tem- 


- aa 
peratures the latter decomposes into O——PR(OEt), + EtBr (Kosolapoff, ]. Amer. Chem. Soc., 1944, 66, 109). 
Then again, chlorine and, for example, tri-n-butyl phosphite yield di-n-butoxyphosphory] chloride and »-butyl 


- + 
chloride P(OBu), + Cl, = O—PCI(OBu), + BuCl (Gerrard, J., 1940, 1464; cf. Wichelhaus, Annalen, 1868, 
6, 257); but the same halogen and diethyl hydrogen phosphite gave rise to diethoxyphosphory] chloride and 


hydrogen chloride, P(OEt),OH + Cl, = O—PCK(OEt), + HCl (McCombie, Saunders, and Stacey, this vol., 
p. 380), .e., a second alkyl group was not semoved. 

Since 8-octyl bromide (Table I) was produced almoSt entirely by an inversion (end-on) mechanism, it is 
evident that the broadside approach of hydrogen bromide, (III), is of low probability, and steric factors (bond 


oe, P(OR)s 
Br? , Wie + 
8 A is) X . . 
pa 3C,H,N:HBr 
(III.) ; (IV.) 


distances and valency angles) would appear to be against the four centre broadside approach, with the hydrogen 
atom towards the phosphorus atom and the bromine atom towards the carbon atom. 

Addition of (+)8-octanol to the tribromide (2 mols., excess) (Table I) involves mechanism (I) chiefly as 
far as the first stage, PBr,OR, and to some extent the second, PBr(OR)., and since a 29% yield of (—)B-octyl 
bromide was produced, the hydrogen bromide attacks these bromophosphites by mechanism (II). If the 
hydrogen bromide be driven away in a stream of carbon dioxide, however, the yield of bromide, RBr, is reduced 
to 25%. Although the bromophosphites PBr,OR, PBr(OR),, could not be distilled, their presence in the 
Teaction mixture was indicated by hydrolysing them respectively to the phosphites POR(OH),, P(OR),-OH; 
and, at least below 40°, the bromophosphites showed little tendency to produce the bromide, RBr. This 
property was also possessed by the reaction mixtures resulting from the addition of appropriate amounts of 
tribromide to tri-B-octyl phosphite; these mixtures most probably contained bromophosphites. 

Addition of the tribromide (0-33 mol.) to (+-)-octanol (1 mol.) in presence of pyridine (1 mol.), quinoline 
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and dimethylaniline respectively caused the rapid precipitation of the hydrobromide of the base; and, sing 
phosphorus esters were obtained from the filtered ethereal extract, the broadside collision mechanism (Ij 
probably facilitated by hydrogen bond formation, has high probability and is evidently associated with \ 
energy of activation. No bromide, RBr, was formed during this operation, because hydrogen bromide was y 
produced. Continued addition of the tribromide beyond the 0-33 mol. resulted in the slow interaction of th 
tribromide and the phosphorous esters formed in the first stage. At 100° (Table II) some (—)8-octyl bromig 
was produced. 

It is seen, therefore, that when pyridine was used the yield of bromide, RBr, was considerably reduced, ; 
observation in accord with the 5-5% yield of 8-butyl bromide, obtained also in the presence of pyridine (Kenyo 
Phillips, and Pittman, Joc. cit.), and shows a distinction from the results of Darzens’ procedure for thiony 
chloride. 

During the addition of phosphorus tribromide (0-33 mol.) to (+)phenylmethylcarbinol (1 mol.) at —1( 
(—)a-bromoethylbenzene was fairly rapidly formed without the evolution of hydrogen bromide. From ti 
reaction mixture, after it had stood for 30 minutes at —10°, a 68% yield of the bromide, RBr, was obtaine(} 
and this was increased to 75% by using slightly more tribromide. Passage of carbon dioxide through tly 
reaction mixture was ineffective in carrying away hydrogen bromide; no change in yield or behaviour wa 
observed. Reversal of order of mixing, tribromide (1 moi.) being used, led to the same results. Since the 
(—)bromide, RBr, had a high rotatory power, it may be concluded that the end-on mechanism predominates, 
The main sequence appears to be the formation of the phosphites by the broadside mechanism (I), followed by 
the subsequent interaction of these and hydrogen bromide by the end-on mechanism (II). Any loss in rotatory 
power could be due to the interaction of hydrogen bromide and alcohol itself, since this reaction is rapid anj 
gives both configurations to different extents depending on conditions. Whereas Holmberg (Ber., 1912, 4 
997) found that the interaction of the alcohol and hydrogen bromide led to a completely racemised bromite 
RBr, Levene and Rothen (J. Biol. Chem., 1939, 127, 237) obtained by the same reagents specimens of bromite, 
RBr, formed by either preponderant inversion or retention according to the temperature. Using hydroga 
bromide in benzene, Hughes, Juliusburger, Scott, Topley, and Weiss (J., 1936, 1173), obtained the bromide 
(+)RBr, [a]>° +12-6° from (—)ROH, [«]?” —37-4°, a reaction attended by a considerable loss in rotatoy 
power. 

Addition of the tribromide (0-33 mol.) to an ethereal solution of (+)alcohol (1 mol.) and any of the tertiary 
bases (1 mol.) at — 10° (Table IV) caused the rapid precipitation of the hydrobromide of the base, but no bromite, 
RBr, was formed, the other product being mainly the phosphite, P(OR),, a behaviour strictly analogous to that 
of B-octanol. Continued addition of tribromide (0-66 mol.), however, led at 16° to the slower formation d 
(—)bromide, RBr, 60% yield, having a high rotatory power. Although it is certain that the main functiond 
the base is to eliminate hydrogen bromide and thus to reduce the configuration-retention mechanism, the 
identity of the “attacking’’ group in the end-on collision is not yet discernible. One probability is 


+ - 

Br,PBr->R—OP(OR), = RBr + Br,P + OP(OR),; but a possibility is the formation ef the bromo 
phosphite, PBr,OR, by the broadside mechanism, followed by the decomposition of this in one or more of 
several possible ways. 


It may be concluded that the behaviour of ethyl (+)mandelate is intermediate between that of the other 
two hydroxy compounds discussed, except that the specimens of ethyl phenylbromoacetate formed by the 
agency of a tertiary base and tribromide (1 mol.) were almost completely racemised. 

In contrast with the tribromide, phosphorus tri-iodide was without action on an ethereal solution of pyridine 
and (+)8-octanol. Even after being refluxed for 2} hours, the ethereal solution yielded almost the theoretical 
amount of (+)$-octanol, and the ether insoluble part was unchanged tri-iodide. This lack of activity is 
attributable to the very sparing solubility of the tri-iodide in ether. When the operation was carried out in 
carbon disulphide solution, pyridine hydrobromide was readily precipitated. / 


EXPERIMENTAL. 


Aqueous Treatment.—Where this was employed it is specified. It comprised the following set of operations: addition 
to ice, extraction of product with ether, washing this ethereal solution with a dilute solution of sodium carbonate to 
remove acid and acid phosphorous ester, desiccation of this washed ethereal solution with sodium sulphate, acidification 
of the carbonate solution to precipitate acid ester, extraction of the latter with ether, the ethereal solution being dried 
with sodium ie and evaporated to obtain the acid ester as an undistilled fesidue. From the first ethereal solution, 
any bromide, RBr, was obtained by distillation, and any neutral phosphorous ester was left as residue. Except for use 
= — treatment, dry ether, distilled and kept over sodium, was used throughout. Rotatory powers are for 

=> m. . ° 0. 

Interaction of (+)B-Octanol and Phosphorus Tribromide.—(+)B-Octanol (Kenyon, J., 1922, 121, 2540) (aj +80": 
2-6 g., 1 mol.) was mixed dropwise (5 minutes) at — 10° with the specified amount of tribromide (Table I), and after the 
reaction mixture had been allowed to stand as described (experiments are numbered as in Table I) it was given aqueous 
Mpegs OROH had b. p. 81-5°/20 mm. (Calc. : Br, 41-56%) [Calc. for P(OR),: P, 7-4; for P(OR),’OH: 

, “i; itor 2: P, 16-09 . : 

Expts. land 2. Mixtures an at 16° for 12 hours. Expt. 3. Mixture was kept at —10° for 3 hours. At this 
temperature the formation of phosphorous esters had taken place; but the interaction of these and hydrogen bromide 
had been considerably reduced in velocity. ° 

Expt. 4. Carbon dioxide was passed through the mixture during the mixing and subsequent standing at 16 for 
1 hour. In Expts. 1 and 2 very little hydrogen bromide was evolved (equivalent to 11-0 c.c. 0-IN-AgNO,);_ but, 
Expt. 3, copious fumes of hydrogen bromide were carried away, and its removal reduced the yield of bromide, RBr. 
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When the tribromide was added quickly there was a rise in temperature and a copious evolution of hydrogen bromide 
ith a consequent reduction in yield of bromide, RBr. 

Expt. 5. As for 4, except that carbon dioxide was passed through the mixture for 8 hours at 16°. 

Expt. 6. As for 4, but carbon dioxide was passed for 2 hours at 16° and then mixture was set aside at 16° for 12 hours. 
t would appear that the final stage, PBr(OR), + ROH = P(OR), + HBr, is sufficiently slow to be incomplete after 
hours at 16°, and so hydrogen bromide was generated after the passage of carbon dioxide had been discontinued. 

Expt. 7. Mixture stood at 15° for 2 hours. Expt. 8. Carbon dioxide was passed for 2 hours at —10°. Expt. 9. 
s for No. 7, then the mixture was warmed at 40° for 2 hours. 

It is seen that in the presence of excess of the tribromide, the alcohol reacts with a molecule of tribromide to form 
he bromophosphite, PBr,OR, rather than with the latter to form the monobromophosphite, PBr(OR),. Hydrogen 
bromide apparently attacks these somewhat slowly, so that the passage of carbon dioxide is sufficient to drive it away 
before it can react. The result is a low yield of bromide, RBr, but a high yield of B-octyl dihydrogen phosphite which 
as resulted from the hydrolysis of the corresponding bromophosphite, PBr,OR. 


TABLE I. 
Ethereal solution. Carbonate extract. 


Distillate. Residue, mainly P(OR),OH. Mainly POR(OH),. 


a 














Order of Yield aif” ait” aif” 
Expt. mixing. .. RBr, %. Br, %. (—). Wee. 2s Se (+). 

41-4 38-2° 0-15 
41-4 37°8 

41-4 42-0 

41-4 42-5 
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* signifies addition of PBr, to alcohol; f signifies the reverse procedure. 


Interaction of (+)B-Octanol and Phosphorus Tribromide in Presence of Tertiary Bases.—Dropwise addition of the 
ibromide (9-1 g., 0-33 mol., in 10 c.c. of ether) to (+)f-octanol (13 g., 1 mol.) and pyridine (7:9 g., 1 mol.) in ethereal 
solution at —10° caused the immediate precipitation of pyridine hydrobromide, 16-0 g. (after 2 hours under reduced 
pressure; calc.: 16-0 g.) (Found: Br, 48-5. Calc.: Br, 50-0%), and from the filtered ethereal solution the following 
4 fractions were obtained: b. p. 56—71°/2 mm. (1-0 g.), np” 1-4367; b. p. 140—147°/2—3 mm. (3-8 g.), np’ 1-4371, 
a +13-6° (Found: P, 9-95. Calc. for di-octyl hydrogen phosphite: P, 10-1%); b. p. 150—165°/2—3 mm. (2°3 g.), 
im 1-4397, az” +8-9°; b. p. 167—169°/2—3 mm. (4:3 g.), n}*° 1-4419, af” +4-0° (Found: P, 7-7. Calc. for tri-octyl 
phosphite: P, 7-4%). Essentially the same results were obtained when pyridine was replaced in turn by quinoline and 
dimethylaniline and furthermore these results are similar to those obtained when phosphorus trichloride was used in 
place of the tribromide (Part I, loc. cit.). : : 
Dropwise addition of the tribromide (5-4 g., 1 mol.) to a mixture of the octanol (2-6 g., 1 mol.) and base (1 mol.) at 
-10°, in absence of ether, followed: by heating for 30 minutes at 100°, led to the results stated in Table II. The cold 
semi-solid mass was extracted with ether, and the ethereal solution was given aqueous treatment. 


TABLE II. 
Ethereal solution. Carbonate. 


Tertiary base. Distillate, b. p. 71°/13 mm. Residue P(OR),OH. Extract POR(OH),. 


Yield 
RBr,%. Br, %. aif (—). Wt., g. P, %. Wt., g. P, %. 
PTIAES © ioc Gap dase icavenees *~ 206 41-4 46-5 0-24 — 1-45 15-7 
eS Ee 41-3 40-5 0-35 — 0-90 15-9 
Dimethylaniline ............... 25:0 41-2 35-1 0-85 9-4 0-74 15:7 


_ Interaction of Phosphorous Ester and Phosphorus Tribromide.—Tri-B-octyl phosphite (2-09 g., 1 mol.) was mixed with 
tribromide [2-7 g., 2 mol., quantities related to the reaction, P(OR), + 2PBr, = 3PBr,OR] and kept at 40° for 2 hours. 
After aqueous treatment, a distillate (0-4 g.), b. p. 74°/16 mm., and a residue (1-1 g.) were obtained. The carbonate 
nop yielded only a trace of oil, from which it may be concluded that the second stage, PBr(OR), + PBr, = 2PBr,OR, 

Ow. 

In the same way, the tri-ester (2-09 g., 1 mol.) and tribromide (0-7 g., 0-5 mol.) yielded distillate (0-2 g.), b. p. 75°/16 
mm., and a residue (1-2 g.). ° 

The tribromide (5 g.) was added to the phosphite residue (Table IV; 2-6 g.) at —10° and allowed to stand at 16° 
for 12 hours before being given aqueous treatment. (—)a-Bromoethylbenzene (2-0 g.), b. p. 92—94°/18 mm., aj” 
~68:3°, was obtained. By the same procedure, from the phosphite residue (3-0 g.) from ethyl mandelate (Table VI) 
impure ethyl phenylbromoacetate (0-70 g.), b. p. 80—82°/1 mm. (Found : Br, 29-8%), a residue (0-30 g.) (Found : P, 7-6. 
Calc. for P(O ),0H : P, 7-6%) and from the carbonate extract a residue (0-35 g.) (Found: P, 10-6. Calc. for POR(OH),: 
P, 12-7%) were obtained. 

1g! teraction of Hydrogen Bromide and Phosphorous Ester.—Through tri-B-octyl phosphite [aj’’ +3-1°, from (+)ROH, 
2 +8:0°; 4-3 g.] hydrogen bromide was passed, the ester not being cooled. The liquid soon became warm, and it was 

ept at 16° whilst the gas was passed for 3 hours. Aqueous treatment yielded (—)f-octyl bromide (1-61 g.), b. p. 79°/18 

»@) —35-0° (Found: Br, 41-2%), a residue (0-78 g.) (Found: P, 9-7%), and from the carbonate extract, the mono- 
— ester (1-2 g.) (Found: P? 15-6%). Passage of the hydrogen bromide through the tri-ester (2-8 g.) at —5° to 0° 
or, 2 hours led to the formation of (—)-octyl bromide (0-6 g.), af” —34-0° (Found: Br, 41-1%), and a residue (1-8 g.), 
% +8-6° (Found : P, 9-5%), the carbonate extract giving only a traceof oil. . 

Passage of hydrogen bromide into the mono-ester POR(OH), (2-6 g.) (obtained from carbonate extracts) kept at 60— 

















‘ 
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70° caused the separation of a water soluble, ether insoluble, lower layer, and, after 2 hours, aqueous treatment led to ty 
isolation of (—)B-octyl bromide (2-1 g.), b. p. 79°/18 mm., a?” —15-3° (Found: Br, 41-4%), the carbonate extract giviy 
only a cloudiness on acidification. 

When hydrogen bromide was passed at 16° through the phosphite residue (Table IV; 3-0 g.), a water soluble lows 
layer separated in about 15 mins. Aqueous treatment then led to isolation of (—)a-bromoethylbenzene (2-4 ¢.) p,; 
86°/11 mm., aj” —40-6° (Found: Br, 43-1. Calc.: Br, 43-2%). On being re-distilled, its rotatory power remaingj 
unchanged. 

Taternditen of (+)Phenylmethylcarbinol and Phosphorus Tribromide.—In Table III are recorded the results obtaing 
by mixing the (+)carbinol (2-44 g., 1 mol.) (aj®’ +38-6°) with the tribromide. In experiments 1 and 2 the reageny 
were mixed and kept at —10° for 30 minutes. No hydrogen bromide was evolved. The mixture was then given aqueoy 
treatment; no oil was obtained when the carbonate extract was acidified. In experiment 3, the procedure followed wa 
that of experiment 1, except that carbon dioxide was passed through the mixture. 


TaBLeE III. 
Expt. Order of mixing. PBr, mols. Yield RBr, %. B. p. Br, %. als (—). Residue, g, 
1 <— . 66-3 88°/14 mm. * 43-2 38-4 0-3 
2 <i> : 67:7 a 43-2 37:2 0-2 
3 — : 74:3 a 42-9 40-8 0-2 


Interaction of Phenylmethylcarbinol and Phosphorus Tribromide in Presence of Tertiary Bases.—In experiments 1, 2,3 
Table IV, the tribromide (1-81 g., 0-33 mol.) in ethereal solution (10 c.c.) was added dropwise to an ethereal solution 
(15 c.c.) of the carbinol (2-44 g., 1 mol.), a}® +40-1°, and base (pyridine, Pyr., quinoline, Q, and dimethylaniline, D.M.A, 
1 mol.) at —10°. After being kept for an hour at 16°, the solution was filtered and the solid kept under reduce 
pressure for 2 hours before being weighed. The ethereal solution was washed rapidly with water only, dried with soding 
sulphate and evaporated, the residue being then kept at 50°/16 mm. for 30 minutes (Calc. for the tri-ester, P(OR),: 
P, 79%. Calc. for the hydrobromides of the tertiary bases in order stated above: Br, 50-0, 38-1, 39-6%]. 

In experiments 4, 5, 6 the operation described for 1, 2, 3 was repeated; but, before filtering the solution, phosphory 
tribromide (3-6 g., 0-66 mol.) was added at — 10°, the mixture kept for 12 hours at 16°, and then, after filtration from the 
solid,.aqueous treatment was given. In this way, the bromide, RBr, was produced by a reaction subsequent to that 
which went on during the addition of the first 0-33 mol. of tribromide (Calc. for a-bromoethylbenzene: Br, 43-2%). 

Certain specimens of a-bromoethylbenzene quickly lost rotatory power on being redistilled. One specimen, for 
example, b. p. 96°/20 mm., a?” —106-2°, was distilled, and the large middle fraction (90%) had aj” —68-5°, and wha 
the whole of this was distilled, b. p. 96°/20 mm., the distillate had a?3” —4-3°. Values recorded in Table IV are for 
redistilled specimens. 


TABLE IV. 
Reagents. a-Bromoethylbenzene. Solid. Phosphite. 
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Interaction of Ethyl (+)Mandelate and Phosphorus Tribromide.—The (+)ester (3-6 g., 1 mol.), aff +121-1°, was 
mixed with the tribromide at —10°, kept at 20° for 3 hours, and then given aqueous treatment. Results are recorded 
in Table V (Calc. for ethyl phenylbromoacetate: Br, 32-9%). 

TABLE V. 


Ethereal solution. 





Carbonate extract, 


: Distillate, b. p. 88°/1 mm. Residue. 








32-8 


Interaction of Ethyl (+-)Mandelate and Phosphorus Tribromide in Presence of Tertiary Bases.—The tribromide (1-81 g. 
0-33 mol., in 10 c.c. ether) was added dropwise at —10° to am ethereal solution (10 c.c.) of the ester (3-6 g., 1 mol.; 
-+52-3°) and tertiary base (1 mol.). During the mixing, a white precipitate separated and this was collected after the 
mixture had stood at 18° for 1 hour. The residue from the ethereal solution was kept for 1 hour at 100°/15 mm., and the 
solid was kept under reduced pressure for 1 hour before examination. The results are recorded in Table VI (Calc. for 
tri-ester; P(OR),: wt., 3-79; P, 5-46%). . 

The tribromide (1 mol.) was added to a mixture of the (+-)mandelate (3-6 g., 1 mol.; a}® +152-2°) and tertiary bas 
(1 mol.) at —10°, followed by heating for 30 minutes at-100°. The semi-solid mass was extracted with ether, and the 
e solution was given aqueous treatment. The ethyl phenylbromoacetate obtained was almost completely racem 
ised. The ether insoluble solids contained approximately one-third of the bromine in the system. Weights of solid 
rar _— RBr, for the respective bases are as follows: pyridine, 4-96, 1-51; quinoline, 4-76, 2-3; dimethylaniline 

. » g- 
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TaBLeE VI. 
Base B. Precipitate, BHBr. ‘« Phosphite ” residue. 
Wt. g. Cale. Br, %. Cale. %  Wt.,g. a"(+). P, %. 
Rie OE: Ca 3-20 49-1 500 8° (3-45 48-3° 5-4 


Q. acoccccevesccsssoccsescsccncre &°18 4-20 37-2 38-1 3°56 48°8 5:3 
DE. ce isieve che ccccsusesces EO 4-04 39-4 39°6 3°56 48-1 5-4 
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. Experiments on the Interaction of Hydroxy Compounds and Phosphorus and 
Thionyl Halides in the Absence and in the Presence of Tertiary Bases. Part IV. 


By W. GERRARD and M. J. RIcHMoND. 


The nature and sequence of the reactions which occur during the interaction of phosphorus halides and 
ethyl-(+)lactate are defined in some detail. The (+)chlorophosphites, PC1],OR, PCl(OR),, but no chloride, 
RCl, were formed by addition of (+-)lactate to excess trichloride, whereas with reversed order of mixing, trichloride 
(0-33 mol.) gave the (—)chloride, RCI, and the (+)hydrogen phosphite, P(OR),OH, hydrogen chloride being 
the probable cause of chloride, RCI, formation. Results with phosphorus tribromide, though less decisive, 
indicated analogy in types; but the bromophosphites could not be isolated. 

With the trihalide (0-33 mol.) and (+-)lactate (1 mol.), pyridine, quinoline, and dimethylaniline (1 mol.) behaved 
similarly, the products being the phosphite, P(OR);, and the hydrohalide of the base. No chloride, RCl, was 
produced by the further addition of trichloride followed by heating, neither did the chlorophosphites [contrast 
the chlorosulphinate (Gerrard, J., 1936, 688)] react with the free bases below 100°. Further addition of tri- 
bromide led to a low yield of bromide, RBr, when pyridine was the base, but high yields of almost completely 
racemised bromide when quinoline and dimethylaniline were used. 

Other differences in behaviour of the individual tertiary bases are revealed by corresponding experiments 
with phosphorus oxychloride. 

In certain experiments, ethyl (+-)lactate behaved similarly to (+)f-octanol, in others, similarly to ethyl 
(+)mandelate; the reaction mechanisms may be explained in terms of end-on and broadside collisions (Parts 
I, Il, III, J., 1944, 85; this vol., p. 106, and preceding paper). 


HE interactions of ethyl (+)lactate and the trichloride, tribromide, and oxychloride of phosphorus 
n the absence and in the presence of the tertiary bases, pyridine, quinoline and dimethylaniline severally, 
have been studied so that the results may be correlated with those obtained for (-+-)8-octanol, (+)phenyl- 
methylcarbinol, and ethyl (+-)mandelate (Parts I, II, ITI, locc. cit.). 

It is evident from the work of Kenyon, Phillips, and Turley (J., 1925, 127, 399), Gerrard, Kenyon, and 
Phillips (J., 1937, 153), and Cowdrey, Hughes, and Ingold (J., 1937, 1208) that when ethyl (+)lactate is con- 
etted into an ethyl (—)a-halogenopropionate, an inversion of configuration occurs. 

Addition of ethyl (+)lactate to the trichloride (2 mols.) led to the formation of (+)a«-carbethoxyethyloxy- 
phosphorus dichloride, PCI,OR, aif +201-3° (J = 10 cm.) and (+)di-a-carbethoxyethyloxyphosphorus mono- 
hloride, PCL(OR), ai®* + 160-4° (i = 10 cm.)’; but no ethyl a-chloropropionate was formed. These chloro- 
phosphites are stable below 200°; the dichloride indeed could be distilled at ordinary pressure. Addition of 
he trichloride (0-33 mol.) to the (+-)lactate gave rise to a 25% yield of (—)a-chloropropionate, the other main 
product being (+-)di-a-carbethoxyethyl hydrogen phosphite, P(OR),°OH, al® + 79-4° (i = 10cm.). Therefore the 
behaviour of ethyl (+)lactate is similar to that of (+)8-octanol (Part I, Joc. cit.). Ina similar way it may be 


; and whereas the end-on and the broadside attack of hydrogen chloride (formed concurrently) on the 
chlorophosphites is ineffective, the end-on attack of hydrogen chloride on the phosphite, P(OR), + HCl —>» 
RCl + P(OR),OH, appears to be responsible for the formation of the chloride, RC). 

Reference may here be made to the summary in Houben—Wey! (1923, 3, (2), 15) in which it is stated that 
primary alcohols give with phosphorus trichloride the dichlorophosphite, whilst secondary alcohols give in the 
main the unsaturated hydrocarbon, and tertiary alcohols give the chloride, RCl. This summary, dissociated 
from conditional details, is without meaning, and should therefore be discarded. At least one investigator 
has used it as a basis for argument ; Wagner-Jauregg (Helv. Chim. Acta, 1929, 12, 61), referring to this summary, 
drew a distinction between the behaviour of phosphorus oxychloride and that of the trichloride on the grounds 
that the behaviour of the oxychloride cannot be generalised in this way. 

From addition of ethyl (+)lactate to phosphorus tribtomide (2 mols.) ethyl‘ (—)«-bromopropionate, ais* 
—42-1° (1 = 10 cm.), was obtained in 26% yield; this distinction from the behaviour of the trichloride is 
probably due to the interaction of the hydrogen bromide and the bromophosphites. The yield of bromide, 
RBr, is reduced to less than 5% by the passage of carbon dioxide through the tribromide, a procedure effecting 
the removal of hydrogen bromide produced in the primary reaction, PBr, + ROH —» PBr,OR + HBr. 
The bromophosphites, PBr,OR and PBr(OR),, could not be isolated. 

_ Addition of the tribromide (0-33 mol.) to the (+-)lactate led to formation of (—)«-bromopropionate in 30% 
yield, apparently without any loss in rotatory power. Except that for this experiment the yield of bromide, 
RBr, is smaller, and there is a general loss of phosphite material probably due to hydrolysis to water soluble 


4 
i 
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and dimethylaniline respectively caused the rapid precipitation of the hydrobromide of the base; and, singe 
phosphorus esters were obtained from the filtered ethereal extract, the broadside collision mechanism (IV), 
probably facilitated by hydrogen bond formation, has high probability and is evidently associated with low 
energy of activation. No bromide, RBr, was formed during this operation, because hydrogen bromide was not 
produced. Continued addition of the tribromide beyond the 0-33 mol. resulted in the slow interaction of the 
tribromide and the phosphorous esters formed in the first stage. At 100° (Table II) some (—)8-octyl bromide 
was produced. 

It is seen, therefore, that when pyridine was used the yield of bromide, RBr, was considerably reduced, an 
observation in accord with the 5-5% yield of 8-butyl bromide, obtained also in the presence of pyridine (Kenyon, 
Phillips, and Pittman, Joc. cit.), and shows a distinction from the results of Darzens’ procedure for thionyl 
chloride. 

During the addition of phosphorus tribromide (0-33 mol.) to (+)phenylmethylcarbinol (1 mol.) at —10°, 
(—)a«-bromoethylbenzene was fairly rapidly formed without the evolution of hydrogen bromide. From the 
reaction mixture, after it had stood for 30 minutes at —10°, a 68% yield of the bromide, RBr, was obtained, 
and this was increased to 75% by using slightly more tribromide. Passage of carbon dioxide through the 
reaction mixture was ineffective in carrying away hydrogen bromide; no change in yield or behaviour was 
observed. Reversal of order of mixing, tribromide (1 mol.) being used, led to the same results. Since the 
(—)bromide, RBr, had a high rotatory power, it may be concluded that the end-on mechanism predominates, 
The main sequence appears to be the formation of the phosphites by the broadside mechanism (I), followed by 
the subsequent interaction of these and hydrogen bromide by the end-on mechanism (II). Any loss in rotatory 
power could be due to the interaction of hydrogen bromide and alcohol itself, since this reaction is rapid and 
gives both configurations to different extents depending on conditions. Whereas Holmberg (Ber., 1912, 4, 
$97) found that the interaction of the alcohol and hydrogen bromide led to a completely racemised bromide, 
RBr; Levene and Rothen (J. Biol. Chem., 1939, 127, 237) obtained by the same reagents specimens of bromide, 
RBr, formed by either preponderant inversion or retention according to the temperature. Using hydrogen 
bromide in benzene, Hughes, Juliusburger, Scott, Topley, and Weiss (J., 1936, 1173), obtained the bromide 
(+)RBr, [«]>° +12-6° from (—)ROH, [«]?” —37-4°, a reaction attended by a considerable loss in rotatory 
power. 

Addition of the tribromide (0-33 mol.) to an ethereal solution of (+)alcohol (1 mol.) and any of the tertiary 
bases (1 mol.) at — 10° (Table IV) caused the rapid precipitation of the hydrobromide of the base, but no bromide, 
RBr, was formed, the other product being mainly the phosphite, P(OR);, a behaviour strictly analogous to that 
of 8-octanol. Continued addition of tribromide (0-66 mol.), however, led at 16° to the slower formation of 
(—)bromide, RBr, 60% yield, having a high rotatory power. Although it is certain that the main function of 
the base is to eliminate hydrogen bromide and thus to reduce the configuration-retention mechanism, the 
identity of the ‘‘ attacking” group in the end-on collision is not yet discernible. One probability is 


Br,PBr-R—OP(OR), = RBr + Br,P a OP(OR),; but a possibility is the formation of the bromo- 
phosphite, PBr,OR, by the broadside mechanism, followed by the decomposition of this in one or more of 
several possible ways. 


It may be concluded that the behaviour of ethyl (+)mandelate is intermediate between that of the other 
two hydroxy compounds discussed, except that the specimens of ethyl phenylbromoacetate formed by the 
agency of a tertiary base and tribromide (1 mol.) were almost completely racemised. 

In contrast with the tribromide, phosphorus tri-iodide was without action on an ethereal solution of pyridine 
and (+)®-octanol. Even after being refluxed for 2} hours, the ethereal solution yielded almost the theoretical 
amount of (+)f-octanol, and the ether insoluble part was unchanged tri-iodide. This lack of activity 1s 
attributable to the very sparing solubility of the tri-iodide in ether. When the operation was carried out m 
carbon disulphide solution, pyridine hydrobromide was readily precipitated. 


EXPERIMENTAL. 


Aqueous Treatment.—Where this was employed it is specified. It comprised the following set of operations: addition 
to ice, extraction of product with ether, washing this ethereal solution with a dilute solution of sodium carbonate to 
remove acid and acid phosphorous ester, desiccation of this washed ethereal solution with sodium sulphate, acidification 
of the carbonate solution to precipitate acid ester, extraction of the latter with ether, the ethereal solution being dried 
with sodium sulphate and evaporated to obtain the acid ester as an undistilled residue. From the first ethereal solution, 
any bromide, RBr, was obtained by distillation, and any neutral phosphorous ester was left as residue. Except for use in 
= —_— treatment, dry ether, distilled and kept over sodium, was used throughout. Rotatory powers are for 

= 1dm. 

Interaction of (+)B-Octanol and Phosphorus Tribromide.—(+)f-Octanol (Kenyon, J., 1922, 121, 2540) (ate +8-0°; 
2-6 g., 1 mol.) was mixed dropwise (5 minutes) at —10° with the specified amount of tribromide (Table I), and after the 
reaction mixture had been allowed to stand as described (experiments are numbered as in Table I) it was given aqueous 
treatment. f-Octyl bromide had b. p. 81-5°/20 mm. (Calc.: Br, 41-5%) (Calc. for P(OR),: P, 7:4; for P(OR),*OH: 
P, 10-1; for POR(OH),: P, 16-0%)}. ; 

Expts. 1 and 2. Mixtures were kept at 16° for 12 hours. Expt.3. Mixture was kept at —10° for 3 hours. At this 
temperature the formation of phosphorous esters had taken place; but the interaction of these and hydrogen bromide 
had been considerably reduced in velocity. ” ° 

Expt. 4. Carbon dioxide was passed through the mixture during the mixing and subsequent standing at 16 for 
1 hour. In Expts. 1 and 2 very little hydrogen bromide was evolved (equivalent to 11-0 c.c. 0-1N-AgNO;); but, m 
Expt. 3, copious fumes of hydrogen bromide were carried away, and its removal reduced the yield of bromide, RBr, 
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When the tribromide was added quickly there was a rise in temperature and a copious evolution of hydrogen bromide 
with a consequent reduction in yield of bromide, RBr. 

Expt. 5. As for 4, except that carbon dioxide was passed through the mixture for 8 hours at 16°. 

Expt. 6. As for 4, but carbon dioxide was passed for 2 hours at 16° and then mixture was set aside at 16° for 12 hours. 
It would appear that the final stage, PBr(OR), + ROH = P(OR), + HBr, is sufficiently slow to be incomplete after 
2hours at 16°, and so hydrogen bromide was generated after the passage of carbon dioxide had been discontinued. 

Expt. 7. Mixture stood at 15° for 2 hours. Expt. 8. Carbon dioxide was passed for 2 hours at —10°. Expt. 9. 
As for No. 7, then the mixture was warmed at 40° for 2 hours. 

It is seen that in the presence of excess of the tribromide, the alcohol reacts with a molecule of tribromide to form 
the bromophosphite, PBr,OR, rather than with the latter to form the monobromophosphite, PBr(OR),. Hydrogen 
promide apparently attacks these somewhat slowly, so that the passage of carbon dioxide is sufficient to drive it away 
before it can react. The result is a low yield of bromide, RBr, but a high yield of B-octyl dihydrogen phosphite which 
has resulted from the hydrolysis of the corresponding bromophosphite, PBr,OR. 

















TABLE I. 
Ethereal solution. Carbonate extract. 
Distillate. Residue, mainly P(OR),OH. Mainly POR(OH),. 
Order of PBr, Yield ay ay ale” 
Expt. mixing. mols. RBr, %. Br, %. (—). wef FF, %, (+). Wtg. P, %. (+). 
1 <* 0-33 73 41-4 38-2° 0-15 —_— —_— 0-21 — — 
2 <— 0-66 78 41-4 37°8 0:10 — — 0-13 — — 
3 <— 0-33 20 41-4 42-0 1-10 9-0 9-5° 0-30 15-9 — 
4 <— 0-33 28:5 41-4 42-5 0-91 9-3 10-8 0-47 15°6 — 
5 <— 0-36 30-0 41:3 42-4 0-70 — — 0-62 — — 
6 <— 0-36 40-5 41-2 42-6 0-45 = = 0-69 — _— 
7 — t 2 29 41-3 40-0 0-36 — — 1-45 15-9 4:1° # 
Ss oe 2 2-5 41-0 — 0-3 — — 1-85 16-2 6-2 
9 — 2 2-5 — — 0-15 — — 2-00 15-9 6-0 


* signifies addition of PBr, to alcohol; f.signifies the reverse procedure. 


Interaction of (+)B-Octanol and Phosphorus Tribromide in Presence of Tertiary Bases.—Dropwise addition of the 
tribromide (9-1 g., 0-33 mol., in 10 c.c. of ether) to (+)f-octanol (13 g., 1 mol.) and pyridine (7-9 g., 1 mol.) in ethereal 
solution at —10° caused the immediate precipitation of pyridine hydrobromide, 16-0 g. (after 2 hours under reduced 
pressure; calc.: 16-0 g.) (Found: Br, 48-5. Calc.: Br, 50-0%), and from the filtered ethereal solution the following 
4 fractions were obtained: b. p. 56—71°/2 mm. (1-0 g.), n}” 1-4367; b. p. 140—147°/2—3 mm. (3-8 g.), nj” 1-4371, 
ap. +13-6° (Found: P, 9-95. Calc. for di-octyl hydrogen phosphite: P, 10-1%); b. p. 150—165°/2—3 mm. (2-3 g.), 
ny 1-4397, ax” +8-9°; b. p. 167—169°/2—3 mm. (4-3 g.), nm} 1-4419, af’ +4-0° (Found: P, 7-7. Calc. for tri-octyl 
phosphite: P, 7-4%). Essentially the same results were obtained when pyridine was replaced in turn by quinoline and 
dimethylaniline and furthermore these results are similar to those obtained when phosphorus trichloride was used in 
place of the tribromide (Part I, loc. cit.). 

Dropwise addition of the tribromide (5-4 g., 1 mol.) to a mixture of the octanol (2-6 g., 1 mol.) and base (1 mol.) at 
-10°, in absence of ether, followed by heating for 30 minutes at 100°, led to the results stated in Table II. The cold 
semi-solid mass was extracted with ether, and the ethereal solution was given aqueous treatment. 

















TABLE II. 
Ethereal solution. Carbonate. 
Tertiary base. Distillate, b. p. 71°/13 mm. Residue P(OR),OH. Extract POR(OH),. — 
‘Yield ’ : | i] 
RBr, %. Br,%. aif (—). Wt,g. P, %,. Wt.g. P, %. 
Pyridine .......ccccccccccosseeee 198 41-4 40-5 0-24 ovis 1-45 15-7 
Quinoline ..........00s.000-2. 350 41-3 40°5 0-35 ae 0-90 15-9 
Dimethylaniline ......:........ 25-0 41-2 35°1 0-85 9-4 0-74 15-7 


_ Interaction of Phosphorous Ester and Phosphorus Tribromide.—Tri-B-octyl phosphite (2-09 g., 1 mol.) was mixed with 
tribromide [2-7 g., 2 mol., quantities related to the reaction, P(OR), + 2PBr,; = 3PBr,OR] and kept at 40° for 2 hours. 
After aqueous treatment, a distillate (0-4 g.), b. p. 74°/16 mm., and a residue (1-1 g.) were obtained. The carbonate 
— yielded only a trace of oil, from which it may be concluded that the second stage, PBr(OR), + PBr, = 2PBr,OR, 
is slow. 

In the same way, the tri-ester (2-09 g., 1 mol.) and tribromide (0-7 g., 0-5 mol.) yielded distillate (0-2 g.), b. p. 75°/16 
mm., and a residue (1-2 g.). 

The tribromide (5 g.) was added to the phosphite residue (Table IV; 2-6 g.) at —10° and allowed to stand at 16° 
for 12 hours before being given aqueous treatment. (—)a-Bromoethylbenzene (2-0 g.), b. p. 92—94°/18 mm., aj; 
-68-3°, was obtained. By the same procedure, from the phosphite residue (3-0 g.) from ethyl mandelate (Table VI) 
impure ethyl phenylbromoacetate (0-70 g.), b. p. 80—82°/1 mm. (Found : Br, 29-8%), a residue (0-30 g.) (Found : P, 7-6. 
Calc. for P(OR),OH : P, 7-6%) and from the carbonate extract a residue (0-35 g.) (Found: P, 10-6. Calc. for POR(OH),: 
P, 127%) were obtained. y 
.. Interaction of Hydrogen Bromide and Phosphorous Ester.—Through tri-B-octyl phosphite [ay +3-1°, from (+)ROH, 
a +8-0°; 4-3 g.] hydrogen bromide was passed, the ester not being cooled. The liquid soon became warm, and it was 
kept at 16° whilst the gas was passed for 3 hours. Aqueous treatment yielded (—)f-octyl bromide (1-61 g.), b. p. 79°/18 
mm., al®” —35-0° (Found: Br, 41-2%), a residue (0-78 g.) (Found: P, 9-7%), and from the carbonate extract, the mono- 
octyl ester (1-2 g.) (Found: P, 15°6%). Passage of the hydrogen bromide through the tri-ester (2-8 g.) at —5° to 0° 
for 2 hours led to the formation of (—)f-octyl bromide (0-6 g.), aj” —34-0° (Found: Br, 41-1%), and a residue (1-8 g.), 

+8-6° (Found : P, 9-5%), the carbonate extract giving only a trace of oil. 

Passage of hydrogen bromide into the mono-ester POR(OH), (2-6 g.) (obtained from carbonate extracts) kept at 60— 
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70° caused the separation of a water soluble, ether insoluble, lower layer, and, after 2 hours, aqueous treatment led to the 


isolation of (—)f-octyl bromide (2-1 g.), b. p. 79°/18 mm., a?” 
only a cloudiness on acidification. 

When hydrogen. bromide was passed at 16° through the phosphite residue (Table IV; 3-0 g.), a water soluble lower 
layer separated in about 15 mins. Aqueous treatment then led to isolation of (—)a-bromoethylbenzene (2-4 g.), p, 
86°/11 mm., aj —40-6° (Found: Br, 43-1. Calc.: Br, 43-2%). On being re-distilled, its rotatory power remained 
unchanged. 

Interaction of (+-)Phenylmethylcarbinol and Phosphorus Tribromide.—In Table III are recorded the results obtaineg 


—15-3° (Found: Br, 41-4%), the carbonate extract giving 


by mixing the (+)carbinol (2-44 g., 1 mol.) (a}® +38-6°) with the’ tribromide. 
were mixed and kept at —10° for 30 minutes. No hydrogen bromide was evolved. 


In experiments 1 and 2 the Teagents 
The mixture was then given aqueous 


treatment; no oil was obtained when the carbonate extract was acidified. 


In experiment 3, the procedure followed was 


that of experiment 1, except that carbon dioxide was passed through the mixture. 


TABLE III. 
Expt. Order of mixing. PBr, mols. Yield RBr, %. B. p. Br, % alf* (—). Residue, g, 
1 <— 0-33 66°3 88°/14 mm. 43-2 38-4 0:3 
2 —> 1-0 67-7 = 43-2 37°2 0-2 
3 <— 0-37 74:3 * 42-9 40-8 0-2 


Interaction of Phenylmethylcarbinol and Phosphorus Tribromide in Presence of Tertiary Bases.—In experiments 1, 2, 3, 
Table IV, the tribromide (1-81 g., 0-33 mol.) in ethereal solution (10 c.c.) was added dropwise to an ethereal solution 
(15 c.c.) of the carbinol (2-44 g., 1 mol.), al®° +40-1°, and base (pyridine, Pyr., quinoline, Q, and dimethylaniline, D.M.A, 
1 mol.) at —10°. After being kept for an hour at 16°, the solution was filtered and the solid kept under reduced 
pressure for 2 hours before being weighed. The ethereal solution was washed rapidly with water only, dried with sodium 
sulphate and evaporated, the residue being then kept at 50°/16 mm. for 30 minutes [Calc. for the tri-ester, P(OR),: 
P, 7:9%. Calc. for the hydrobromides of the tertiary bases in order stated above: Br, 50-0, 38-1, 39-6%]. 

In experiments 4, 5, 6 the operation described for 1, 2, 3 was repeated; but, before filtering the solution, phosphorus 
tribromide (3-6 g., 0-66 mol.) was added at —10°, the mixture kept for 12 hours at 16°, and then, after filtration from the 
solid, aqueous treatment was given. In this way, the bromide, RBr, was produced by a reaction subsequent to that 
which went on during the addition of the first 0-33 mol. of tribromide (Calc. for a-bromoethylbenzene : Br, 43-2%). 

Certain specimens of a-bromoethylbenzene quickly lost rotatory power on being redistilled. One specimen, for 
example, b. p. 96°/20 mm., a?” — 106-2°, was distilled, and the large middle fraction (90%) had a?*° —68-5°, and when 
the whole of this was distilled, b. p. 96°/20 mm., the distillate had af’ —4-3°. Values recorded in Table IV are for 
redistilled specimens. 











TABLE IV. 
Reagents. a-Bromoethylbenzene. Solid Phosphite. 

PBr, Base Yield, aly" r, Nt., Br, Base, P, Wt., P, al 
Expt. mols. mols. %. B. p (—). %. g. %. % %. g. %:- (+). 
1 0-34 1 Pyr. a a oe —- 3:20 48-9 50-2 2-5 7°38  1057° 
2 0-34. 1090. — — — 4-11 37:7 — 2:40 73 1033 
3 034° 1D.M.A. — — — = 3°80 39-4 — —- 2-60 74 1041 

4 1-0 1 Pyr. 62 88—89°/15 mm. 89-3° 43-0 3-40 39-4 40-6 4-1 — —_— _ 

5 1-0 2 Pyr. 48 88°/14 mm. 105-4 43-1 5-20 44-5 34-2 — —_ — —_ 

6 1-0 <>. 55 97—97-5°/21 mm. 108:1 43-2 4-32 32-8 — 5-7 — - 

7 1-0 1D.M.A. 55 - ‘i 108-0 43-2 4-00 36:1 — 4-0 — —_ —_ 


Interaction of Ethyl (+)Mandelate and Phosphorus Tribromide.—The (+)ester (3°6 g., 1 mol.), aj® -+-121-1°, was 
mixed with the tribromide at —10°, kept at 20° for 3 hours, and then given aqueous treatment. Kesults are recorded 
in Table V (Calc. for ethyl phenylbromoacetate: Br, 32-9%). 














TABLE V. 
Ethereal solution. 
¢ A— . Carbonate extract, 
Distillate, b. p. 88°/1 mm. Residue. POR(OH),. 
Order of PBr, Yield, Weight, Weight, 

Expt. mixing. mols RBr, % Br, %. aw’ (—). g. P, %. g. P, %. 
1 ~«- 0-34 54-0 32-9 80-3° 0-22 7-0 0-40 11-1 
2 —_ 1-0 44-2 32-8 82-4 0-38 7-2 0-38 10-9 
3 _—_ 2-0 39-0 32-8 82-4 0-56 7:3 — — 
4 (CO,) —~> 2-0 17°5 — — 0-70 7-2 0-62 12-3 

For P(OR),OH, Calc. 7: Calc. 12:7 


Interaction of Ethyl (+-)Mandelate and Phosphorus Tribromide in Presence of Tertiary Bases.—The tribromide (1-81 ., 
0-33 mol., in 10 c.c. ether) was added dropwise at —10° to an ethereal solution (10 c.c.) of the ester (3-6 g., 1 mol.; ap 
-+-52-3°) and tertiary base (1 mol.). During the mixing, a white precipitate separated and this was collected after the 
mixture had stood at 18° for 1 hour. The residue from the ethereal solution was kept for 1 hour at 100°/15 mm., and the 


solid was kept under reduced pressure for 1 hour before examination. 


The results are recorded in Table VI (Calc. for 


tri-ester; P(OR),: 


wt., 3°79; P, 546%). 





The tribromide (1 mol.) was added to a mixture of the (+)mandelate (3-6 g., 1 mol.; a}® +152-2°) and tertiary base 
(1 mol.) at —10°, followed by heating for 30 minutes at 100°. The semi-solid mass was extracted with ether, and the 
ethereal solution was given aqueous treatment. The ethyl phenylbromoacetate obtained was almost completely racem- 
ised. The ether insoluble solids contained approximately one-third of the bromine in the system. Weights of solid 
and — RBr, for the respective bases are as follows: pyridine, 4-96, 1-51; quinoline, 4-76, 2-3; dimethylaniline, 
6°56, 2-0 g. 











~~ 
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TaBLeE VI. 
Base B. Precipitate, BHBr. ‘** Phosphite ”’ residue. 
Wt., g. Calc. Br, %. Calc., %, Wt., g. ar’ (+). P, of 
PYT.  cceseevesseeeeeeeeeeeeeeees 3-21 3-20 49-1 50-0 3°45 48-3° 5-4 
QO. cvcceecccccscecccccsccccceeeee 418 4-20 37-2 38-1 3-56 48-8 5°3 
| Rapa 4-04 39-4 39-6 3-56 48-1 5-4 
Tue NORTHERN PoLyTECHNIC, HoLitoway, N.7. [Received, August 14th, 1946.] 





924. Experiments on the Interaction of Hydroxy Compounds and Phosphorus and 
Thionyl Halides in the Absence and in the Presence of Tertiary Bases. Part IV. 


By W. Gerrarp and M. J. RicHMonp. 


The nature and sequence of the reactions which occur during the interaction of phosphorus halides and 
ethyl (+)lactate are defined in some detail. The (+)chlorophosphites, PC],OR, PCI(OR),, but no chloride, 
RCl, were formed by addition of (-+-)lactate to excess trichloride, whereas with reversed order of mixing, trichloride 
(0-33 mol.) gave the (—)chloride, RCI, and the (+)hydrogen phosphite, P(OR),OH, hydrogen chloride being 
the probable cause of chloride, RCI, formation. Results with phosphorus tribromide, though less decisive, 
indicated analogy in types; but the bromophosphites could not be isolated. ; 

With the trihalide (0-33 mol.) and (+-)lactate (1 mol.), pyridine, quinoline, and dimethylaniline (1 mol.) behaved 
similarly, the products being the phosphite, P(OR);, and the hydrohalide of the base. No chloride, RCI, was 

. produced by the further addition of trichloride followed by heating, neither did the chlorophosphites [contrast 
the chlorosulphinate (Gerrard, J., 1936, 688)] react with the free bases below 100°. Further addition of tri- 
bromide led to a:low yield of bromide, RBr, when pyridine was the base, but high yields of almost completely 
racemised bromide when quinoline and dimethylaniline were used. 

Other differences in behaviour of the individual tertiary bases are revealed by corresponding experiments 
with phosphorus oxychloride. 

In certain experiments, ethyl (-++)lactate behaved similarly to (+)f-octanol, in others, similarly to ethyl 
(+)mandelate; the reaction mechanisms may be explained in.terms of end-on and broadside collisions (Parts 
I, II, III, J., 1944, 85; this vol., p. 106, and preceding paper). 


TxE interactions of ethyl (+)lactate and the trichloride, tribromide, and oxychloride of phosphorus 
in the absence and in the presence of the tertiary bases, pyridine, quinoline and dimethylaniline severally, 
have been studied so that the results may be correlated with those obtained for (+-)f-octanol, (-+-)phenyl- 
methylcarbinol, and ethyl (+)mandelate (Parts I, II, III, locc. cit.). 

It is evident from the work of Kenyon, Phillips, and Turley (J., 1925, 127, 399), Gerrard, Kenyon, and 
Phillips (J., 1937, 153), and Cowdrey, Hughes, and Ingold (J., 1937, 1208) that when ethyl (+-)lactate is con- 
verted into an ethyl (—)a-halogenopropionate, an inversion of configuration occurs. 

Addition of ethyl (+)lactate to the trichloride (2 mols.) led to the formation of (+)«-carbethoxryethyloxy- 
phosphorus dichloride, PC1,OR, ai® +201-3° (1 = 10 cm.) and (+)di-a-carbethoxyethyloxyphosphorus mono- 
chloride, PC1\(OR)., «8° + 160-4° (1 = 10 cm.); but no ethyl «-chloropropionate was formed. These chloro- 
phosphites are stable below 200°; the dichloride indeed could be distilled at ordinary pressure. Addition of 
the trichloride (0-33 mol.) to the (+-)lactate gave rise to a 25% yield of (—)a-chloropropionate, the other main 
product being (+-)di-a-carbethoxyethyl hydrogen phosphite, P(OR),"OH, aif +79-4° (1 = 10cm.). Therefore the 
behaviour of ethyl (+-)lactate is similar to that of (+)8-octanol (Part I, Joc. cit.). In a similar way it may be 
concluded that the chlorophosphites and phosphites are produced by a broadside approach of the reacting 
molecules ; and whereas the end-on and the broadside attack of hydrogen chloride (formed concurrently) on the 
chlorophosphites is ineffective, the end-on attack of hydrogen chloride on the phosphite, P(OR), + HCl —> 
RC] + P(OR),OH, appears to be responsible for the formation of the chloride, RCI. 

Reference may here be made to the summary in. Houben—Wey] (1923, 3, (2), 15) in which it is stated that 
primary alcohols give with phosphorus trichloride the dichlorophosphite, whilst secondary alcohols give in the 
main the unsaturated hydrocarbon, and tertiary alcohols give the chloride, RCl. This summary, dissociated 
from conditional details, is without meaning, and should therefore be discarded. At least one investigator 
has used it as a basis for argument; Wagner-Jauregg (Helv. Chim. Acta, 1929, 12, 61), referring to this summary, 
drew a distinction between the behaviour of phosphorus oxychloride and that of the trichloride on the grounds 
that the behaviour of the oxychloride cannot be generalised in this way. 

From addition of ethyl (+)lactate to phosphorus tribromide (2 mols.) ethyl (—)a-bromopropionate, «jf 
~42-1° (1 = 10 cm.), was obtained in 26% yield; this distinction from the behaviour of the trichloride is 
probably due to the interaction of the hydrogen bromide and the bromophosphites. The yield of bromide, 
RBr, is reduced to less than 5% by the passage of carbon dioxide through the tribromide, a procedure effecting 
the removal of hydrogen bromide produced in the primary reaction, PBr, + ROH —» PBr,OR + HBr. 
The bromophosphites, PBr,OR and PBr(OR),, could not be isolated. 

Addition of the tribromide (0-33 mol.) to the (+)lactate led to formation of (—)«-bromopropionate in 30% 
yield, apparently without any loss in rotatory power. Except that for this experiment the yield of bromide, 
RBr, is smaller, and there is a general loss of phosphite material probably due to hydrolysis to water soluble 
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substances during aqueous treatment, the behaviour of ethyl (+)lactate is analogous to that of (+)8-octang) 
and may be explained similarly in terms of broadside and end-on collisions (Part III, Joc. cit.). 

In Tables I and II are recorded results of the addition of the phosphorus trihalide (0-33 mol.) to a mixture 
of ethyl (+-)lactate and a tertiary base. The general effect is the rapid production, by broadside Collision, of 
(+)éi-x-carbethoxyethyl phosphite, and the hydrohalide of the respective base, no halide, RX, being formed 
during this procedure, even when followed by heating. In this behaviour, ethyl (+)lactate resembles (+)g- 
octanol, ethyl (+)mandelate, and (+)phenylmethylcarbinol. Further addition of the trihalide, followed 
heating (as in Darzens’ procedure for thionyl chloride) gave the following results. With the trichloride, op} 
traces of a-chloropropionate were obtained. With the tribromide, a low yield of «-bromopropionate was 
obtained when pyridine was the base; but high yields, accompanied by almost complete loss in rotatory power, 
were obtained when the base was either quinoline or dimethylaniline. In this respect, ethyl (+)lactate shows 
much more resemblance to ethyl (-+)mandelate than to (+)8-octanol or (+)phenylmethylcarbinol, The 
observation also furnishes an example of a specific as well as a general behaviour of a particular tertiary base, 
and shows the need for caution in the employment of analogy in formulating mechanisms involving “ tertiary 
bases.”’ , 

Unlike the chlorosulphinate, RO-SO-Cl (Gerrard, Joc. cit.; Gerrard, Kenyon, and Phillips, Joc. cit.), the 
chlorophosphite, PC1,OR, of ethyl (+)lactate did not react at ordinary temperatures with the three terti 
bases mentioned. At-higher temperatures decomposition occurred; but no chloride, RCI, could be isolated, 
When the chlorophosphite was heated at 120—140° with the hydrochloride of the respective base, decom. 
position occurred and the yield of «-chloropropionate was approximately 12%. Addition of the chlorophosphite, 
PC1,OR, to mixtures of ethyl lactate (2 mols.) and base (2 mols.) caused the rapid precipitation of the hydro. 
chloride of the base, and the production of the tri-ester, P(OR),;; the chlorophosphite, PCl(OR),, behaved 
similarly. 

Addition of phosphorus oxychloride (0-33 mol.) to a mixture of (+)lactate and pyridine (1 mol.) causeda 
much slower precipitation of pyridine hydrochloride than did the trichloride, the other product being mainly 
(+)tri-a-carbethoxyethyl phosphate; but no a-chloropropionate was formed. In this respect, the lactate 
resembles 8-octanol, but differs from phenylmethylcarbinol and ethyl mandelate, since with these, the chloride, 
RCI, was formed during the mixing (Part IT, loc. cit.). The slower velocity of reaction may be due to the greater 


strength of the P—Cl links conferred upon them by the co-ordinate link P—O. 

Further addition of.the oxychloride (0-66 mol.) followed by heating up to 100°, caused the production of 
(—)«-chloropropionate in 36% yield without loss of rotatory power. Although Wagner-Jauregg (loc. cit) 
showed that pyridine in addition to the oxychloride greatly increased the yield of ethyl phenylchloroacetate, 
he found it had no such effect in the case of ethyl lactate, a small amount only of impure «-chloropropionate 
being obtained. By the.experiments recorded here (see also Gerrard, J., 1940, 1464; Part II, Joc. cit.) the 
essential conditions for the production of the chloride, RCI, are revealed. 

When two molecular proportions of pyridine were used, an increased yield of (—)«-chloropropionate was 
produced at 100°; but in contrast with $-octanol, a considerable loss of rotatory power occurred. As in the 
case of f-octanol the ether insoluble part of the reaction product appeared to be a mixture of pyridine hydro- 
chloride and a compound, PO,CI,NC,H,, approximately in the proportion of 1 : 1 (cf. Part II). 

Addition of the oxychloride (1 mol.) to mixtures of (+)lactate (1 mol.) and quinoline or dimethylaniline 
(1 mol.) followed by heating at 100° for 30 minutes gave, in each case, (—)a«-chloropropionate in 68% 


yield without loss of rotatory power, and the ether insoluble products appeared to have the composition 
C,H,NHC1,PO,Cl and C,H,;N(CH;),HCI1,PO,Cl respectively. 


Again, the experimental details show a marked deviation from strict analogy in the behaviour of the three 
bases. 


EXPERIMENTAL. 


Rotatory powers are recorded for] = 1 dm. Dry ether was used except for extraction from aqueous mixtures. 
The operations now reported are similar to the corresponding procedures described in Parts I, II and III. Lactic 
acid was resolved by morphine (Irvine, J., 1906, 89, 935; Patterson and Forsyth, J., 1913, 108, 2263) and esterified by 
the benzene—alcohol—water ternary mixture method. The ester had b. p. 58—59°/18 mm., a}®° +11-4°, nif 1-4150, 
a2" 1-0315 (Found: M, by hydrolysis, 118-0. Calc.: 118). : 

Addition of Ethyl (+)Lactate to Phosphorus Trichloride.—The lactate (11-8 g., 1 mol.; a'f +11-4°) was added dropwise 
to the trichloride (27-5 g., 2 mols.) which was left at 0° and agitated by carbon dioxide. After being at 15°/15 mm. for 
one hour, the product was distilled. The products isolated were (+)a-carbethoxyethoxyphosphorus dichloride, 
PC1,0-CHMe:CO,Et (15-9 g.), b. p. 88°/15 mm., ajf +201-3°, m}%° 1-4654, diZ° 1-2745, d3%° 1-2522 (Found: Cl, 32°; 
P, 14:2. C,H,O,Cl,P requires Cl, 32-4; P, 14-2%) and (+)di-(a-carbethoxyethoxy)-phosphorus chloride, PC1(OR), (2°3 .), 
b. p. 155—160°/15 mm., ajf’ + 160-4° (Found: Cl, 11-2. C,,H,,0,CIP requires Cl, 11-8%). 

The physical constants and chlorine content of the dichloride remained unchanged after the dichloride had stood 
for 21 days. It could be distilled at ordinary pressure, b. p. 205°, without decomposition. 

Addition of Phosphorus Trichloride to Ethyl (+-)Lactate.—The trichloride (1-6 g., 0-33 mol.) was added dropwise to the 
lactate (4 g., 1 mol.) at —10° with constant shaking, and after the resulting liquid had been at room temperature for 
2 hours, it was added to ice. The ethereal extract was washed with a dilute solution of sodium carbonate, dried with 
sodium sulphate and distilled. Ethyl (—)a-chloropropionate (1-] g.), b. p. 53°/30 mm., aj® —16-8°, n}®° 1-4169, anda 
residue (2-0 g.), al®* +79-4° (Found: P, 11-4. Di-a-carbethoxyethyl hydrogen phosphite, C,>H,,O,P, requires P, 11-0%), 
were obtained. 

Interaction of Phosphorus Tribromide and Ethyl (+)Lactate——The product obtained by the dropwise addition of the 
lactate (4 g., 1 mol.) to the tribromide (18 g., 2 mols.) well shaken at — 10° was allowed to stand at room temperature fot 
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ghours, and then added toice. The ethereal extract after being washed with a dilute solution of sodium carbonate and 
dried with sodium sulphate, yielded ethyl (—)a-bromopropionate (1-6 g.), b. p. 66°/27 mm., ajf’ —42-1°, nj” 1-4432 
ound: Br, 44-1. Calc.: Br, 44-2%); there was no residue. When the tribromide (1 mol.) was used the yield of 
Emopropionate was 2:3 g. Addition of the lactate to the tribromide (2 mol.) agitated by a stream of carbon dioxide 
at —10°, then for 3 hours at 20°, followed by aqueous treatment led only to a 5% yield of the bromide, RBr, about 

of the material being lost as water soluble substance. 

Addition of the tribromide (6-0 g., 0-66 mol.) to the lactate (4 g., 1 mol.) at —10° did not cause any obvious evolution 
dfhydrogen bromide during the mixing. After being allowed to stand at 14° for 2 hours, the mixture was added to ice. 
from the ethereal extract, ethyl (—)a-bromopropionate (1-9 g.), b. p. 58°/18 mm., aj)’ —44-3°, mjf” 1-4440 (Found : 
Br, 44-0. Calc.: Br, 44-2%), and a residue (0-8 g.) were obtained. 

In a parallel experiment, the mixture after being allowed to warm to room temperature, was heated at 40° for 2 hours, 

vious to treatment with water. Ethyl (—)a-bromopropionate (1-8 g.) a}® —44-0°, nf 1-4481, but no undistilled 

idue, was obtained. It will be noticed that this more rigorous treatment did not lead to an increased yield of the 
bromide RBr. Almost the same yield was obtained by the use of only 0-33 mol. of tribromide. 

Interaction of Phosphorus Trihalides and Ethyl (+-)Lactate in the Presence of Tertiary Bases.—(a) Using one-third 
gol. of phosphorus trihalide. An ethereal solution of the trihalide (0-33 mol.) was added dropwise to an ethereal solution 
of ethyl (+)lactate (aj +6-0°; 1 mol.) and tertiary base (1 mol.) at —10°. When the trichloride and the tribromide 
were used, precipitation of the hydrogen halide of the base commenced at the beginning, and was complete at the end 
of the operation. With the tri-iodide, no reaction appeared to take place even when the mixture was warmed; and 
this was attributed to the very sparing solubility of the tri-iodide in ether. The operation was, therefore, conducted in 
carbon disulphide and then results were obtained strictly analogous to those for the other halides except that the rate 
of precipitation of the hydriodide of the base was slower. After being for 2 hours at room temperature, the ethereal 
solution was filtered rapidly from the hydrogen halide of the base, and this salt, after being washed quickly with solvent, 
was placed in a vacuum desiccator for 2 hours before being weighed and analysed. The weight of the salt was almost 
theoretical, showing that no ethyl a-halogenopropionate could have been formed during this operation. Aqueous. 
treatment of the ethereal solution caused serious hydrolysis which led to an undistillable mixture of phosphites. Even 
when aqueous treatment was not applied, distillation of the product was tedious. In the experiments in which pyridine 
was used, the two main products isolated were : (i) a fraction, b. p. 140—150°/2 mm., a} +39-2°, nlf” 1-4370 (Found : 
P, 97%), most likely a mixture of di-(a-carbethoxyethyl) hydrogen phosphite (Calc. : P, 11-0%) and the tri-ester, and 
i) a fraction, b. p. 150—155°/2 mm., aj® +36-0°, njp~’ 1-4382 (Found: P, 8-1. Tvri-(a-carbethoxyethyl) phosphite, 
(,sH,,0,P requires P, 8-1%). When a specimen of ethyl (+)lactate (aj +11-2°) was used, the tri-ester had a}f* 
479:5°. In Table I the results of the complete series of experiments are recorded. The phosphite residue was not 
distilled, the data refer to the liquid remaining after the ether had been evaporated and the residue kept at 30—40°/20 
mm. for 2 hours (Calc. for tri-ester, P(OR),: wt. 3-18 g.). . 

In Table II are recorded results obtained when reagents were mixed in absence of ether, which was added after the 
reaction had occurred. ’ 


TABLE I. 


Interaction of (+)Lactate (aif +6-0°; 3g., 1 mol.), Tertiary Base (1 mol.) and Phosphorus 
Trihalide (0-33 mol.). 


Base = B. Pyridine, 2-0 g. Quinoline, 3-25 g. Dimethylaniline, 3-1 g. 
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TABLE II. 


Interaction of Phosphorus Trihalide (0-33 mol.), Ethyl Lactate (3-0 g., 1 mol.), and Tertiary 
Base (1 mol.) in Absence of Ether. 


Tertiary base = B. Pyridine. Quinoline. Dimethylaniline. 


Trihalide PX;. PCl. PBrs. PC] PBry. PC]. PBry. 


bo 
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SE MOEONEIED, §, ccciscscnuntenecnessebersese sevens anscenesease 1-6 
SUE MEER Ih. ncn cesctctseceogudneg cennsescetnnens suTunnsigsensrt 
BS WUE. ME Mig Bo ccc cccccccne nse ces sccsssocecucsescooncecsvess 
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(b) Using one mol. of phosphorus trihalde. To a solution of ethyl (+)lactate (ai® +3-4°; 4 g., 1 mol.) and 
Pyridine (2-7 g., 1 mol.) in ether (10 c.c.), phosphorus trichloride (4-6 g., 1 mol.) in ether (5 c.c.) was added dropwise 
at—10°. During the addition of the first one-third of the trichloride, the behaviour of the system was precisely as 
described in (a); but there was no apparent effect during the addition of the remainder of the reagent. The product 
was heated on a steam-bath for 1 hour, the ether being allowed to evaporate through a tube so that the temperature 
ofthe mixture could be raised to 90—95°. After the semi-solid mass which remained on cooling had been stirred with 
tther, the mixture was filtered rapidly, the residue being washed with ether, and placed in a vacuum desiccator for 
lhour. It then weighed 4-05 g. (Calc. for C,;H,N,HC1: 3-85 g.) (Found: Cl, 28:2; C,H,N, 624%). Evaporation of 
the ethereal solution, which was washed with a dilute solution of sodium carbonate and dried with sodium sulphate, gave 
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a residue (0-3 g.), there being no more than a drop of distillate, with oil bath temperature up to 10°/23 mm, The 
aqueous washing of the ethereal solution contained 1-60 g. of chloride ion. Ina parallel experiment, the same quantities 
of reagents were mixed as described, except that ether was omitted. A precipitate formed as described for the previous 
experiment. The mixture was heated under reflux for 3 hours at 100°, the precipitate, which was molten at the higher 
temperature, crystallised again on being cooled. Ether was added, and the crystalline mass was separated, washed 
with ether and kept in a vacuum desiccator for 2 hours. It then weighed 3-94 g. (Calc. for C,;H,;N,HCl: 3-85 g.) (Found: 
Cl, 29-2. Calc.: Cl, 30-38%). The ethereal solution was poured on ice, washed with a minimum amount of solution of 
sodium carbonate, dried (sodium sulphate) and evaporated. Only a trace of residue was obtained, and only part of this 
was volatile. 

It appears from these results that the phosphite formed during the addition of the first third of the trichloride js 
converted into a mixture of the dichlorophosphite and monochlorophosphite at the elevated temperature, and these do 
not yield chloride, RCI, in the presence of the hydrochloride of the base; but are hydrolysed to soluble products during 
the treatment with water. It therefore appears that there is no analogy with the mechanism of Darzens’ procedure, 

By following the same procedure with phosphorus tribromide (9-0 g., 1 mol.), ethyl lactate (4 g., 1 mol.) and pyridine 
(2-7 g., 1 mol.) no more than 0-4 g. of ethyl a-bromopropionate, b. p. 59—60°/20 mm., nj" 1-4420, and 0-3 g. of residue 
were obtained. The solid weighed 5-53 g. (Calc. for. pyridine hydrobromide based on first phase of the reaction : 5-30 g. 
(Found: Br, 50-2; C,H,;N, 49-0. Calc. for C;H;N,HBr: Br, 50-0; C;H,N, 49-4%). The aqueous washing of the 
ethereal solution contained 4-53 g. of bromide ion. 

With quinoline (4-3 g., 1 mol.) as base, and phosphorus trichloride (4-6g., 1 mol.), 0-35 g. of a-chloropropionate, and 
a residue (0-3 g.) were obtained; and similar results were obtained with the trichloride when the base was dimethylaniline 
(4-03 g., 1 mol.). ' ] 

The tribromide (9-0 g., 1 mol.) was added to a mixture of quinoline (4:3 g., 1 mol.) and lactate (4-0 g., 1 mol.) in 
the absence of ether at 0°. After the mixture had been heated for 1 hour at 100°, ether was added, and the insoluble 
part separated by filtration. The solid was kept under reduced pressure for 2 hours, and it then weighed 7:36 g. (Calc. 
for quinoline hydrobromide: 7-0 g.) (Found: Br, 37-0. Calc.: Br, 38:1%). From the washed and dried ethereal 
solution, ethyl (—)a-bromopropionate (3-4 g.), b. p. 46°/9 mm., mf 1-4471, al® —2-0° (Found: Br, 44-2. Calc.: Br, 
44-2%) was obtained. ° 

With dimethylaniline as base (4:0 g., 1 mol.), the results were: solid (6-6 g.) (Found: Br, 38-0. Calc. for 
PhNMe,,HBr: Br, 39-6%), and (—)a-bromopropionate (4-0 g.), b. p. 46°/9 mm., nm}, 1-4472, al® —1-1° (Found: Br, 
441%). 

I _ of a-Carbethoxyethoxyphosphorus Dichloride and Tertiary Bases.—Only very slight warming occurred when 
the dichloride was mixed with the tertiary base at ordinary temperature, and a slight precipitate was formed. In 
this series of experiments, the tertiary base (2 mol.; pyridine 1-6 g., quinoline 2-6 g., dimethylaniline, 2-45 g.) was 
added to the dichloride (2-2 g., 1 mol.) in a test-tube at 0°. Nine mixtures were so produced, three for each base, 
After these had been allowed to stand at the specified temperature, they were each poured into separate volumes of ether 
each containing 1-0 g. (2 mol.) of ethyl alcohol in order to extract as hydrochloride of the base any chloride ion, or any 
unreacted dichloride in the system, PCl,(OR) + 2 Base + 2 EtOH = P(OEt),OR + 2 Base,HCl. 

Three of the primary mixtures (one for each base) were kept at 15° for 5 hours; but there was no sign of any reaction. 
They each produced a white precipitate when poured into ether containing 1-0 g. of ethyl alcohol. The solid was separ- 
ated, place under reduced pressure for 2 hours, and analysed : 





Base = B. Wt. of B,HC1. % Clin B,HCI. 

Found. Calc. Found. Calc. 

ID. sicnievcesenseicencecusipses cocnvdonbocesen 2-3 2-31 29-6 30-8 
SEEDY. scx avanensnddindedebecnanseniegecsnons 3°3 3°31 19-9 21-4 
PEND os sscincittncdesisdanizosepessiee 3-0 3°17 21-5 22-5 


The ethereal solution was washed once with a small volume of water, and it was found that this aqueous extract 
did not contain any chlorideion. The residue (1-1 g.) from the dried ethereal solution was partly volatile with indications 
of slow decomposition (b. p. 55—70°/10 mm.); but no a-chloropropionate could be isolated, a result in accordance with 
the determined amount of chlorine in the hydrochloride of the base. 

Three more of the mixtures (again one for each base) were kept at 60° for 3 hours. With quinoline and dimethyl- 
aniline respectively, there was no sign of reaction. On being poured into ether containing 1-0 g. (2 mols.) of ethyl alcohol, 
both mixtures gave white precipitates which were separated as previously described : 





Base = B. Wt. of B,HCI. % Cl in B,HCI1. 

Found. Calc. Found. Calc. 

RED - Lucdignanntensincciiddsesonesececepeuie 3°3 3°31 20-0 21-4 
EE INIIIND 640. c00ccsceczne sen cts-cvenieseeces 2-9 3°17 21-2 22:5 % 


Each ethereal solution was washed with a little water (the aqueous extract was free from chloride ion), dried and 
evaporated. Each residue behaved as already described. 

In the case of pyridine, at 60°, signs of decomposition appeared, and an orange curdy solid separated. The mixture 
was added to ethyl alcohol (1-0 g.) in ether. A copious precipitate was produced and some gummy material was left. 
The white precipitate weighed 1-60 g. (Found: Cl, 28-6%), and the ethereal solution, which was free from chloride ion, 
yielded 1-0 g. of residue partly volatile, b. p. 55—65°/10 mm., and therefore did not contain any a-chloropropionate. 

When the remaining three mixtures were heated at 110° for 2 hours deep seated decomposition occurred, and a thick 
sticky mass (orange-coloured) was formed. The gummy mass gave off heavy white fumes in moist air. It was trans- 
ferred to ether containing 1-0 g. ethyl alcohol and then treated with water at once, separation by filtration being impossible. 
An orange finely divided solid separated; it was insoluble in ether and in water and interfered considerably with the 
separation of these two liquids. Each ethereal solution yielded approximately 0-9 g. of residue, half of which was 
volatile, b. p. 60—65°/10 mm., there being no indication of a-chloropropionate. 

When the dichloride was heated for 2 hours at 120—140° with the hydrochloride of the base, instead of the base 
itself, much smaller amounts of the orange solid formed. The product was added to ice, and extracted with ether. 
The residue, left on evaporation of the ether, was mostly volatile, b. p. under 42°/10 mm., and represented 12—15% of 
the chloride RC. 

Interaction of a-Carbethoxyethyloxyphosphorus Dichloride and Ethyl Lactate in the Presence of Tertiary Bases.—The 
dichloride, PC1,OR (2-2 g., 1 mol.), in ethereal solution was added to an ethereal solution of ethy] lactate (2-36 g., 2 mols.) 
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and tertiary base (2 mols.) at 0°. The hydrochloride of the base was precipitated at once and there appeared to be no 
essential differences in behaviour of the three bases used. The solid was separated, the ethereal solution evaporated 
| without previous treatment with water and the clear colourless residue was heated up to 110°/15 mm.; there was a 

trace of distillate at 50°/15 mm., and the final residue was weighed and examined. From the appropriate results which 


are recorded below, the residues appear to be specimens of the tri-ester, P(OR)s. 
Base = B. Pyridine, Quinoline, Dimethylaniline, 

1-6 g. 2-6 g. 2-45 g. 

WHE A, BR av givcesssscvicne scnrscccs 2-2 g. 3°3 g. 3-1 g. 

Calc. phawsasnissinldesions 2-3 g. 3°31 g. 3-2 g. 

PG GE RIRIE heise coe vatrscancsecsstesenes 3°15 g. 3°10 g. 3-3 g. 

j GT .- sendapaeborsbnesence dqnacdssetareiion 1-4352 1-4400 1-4420 

PNG 5 A Eh Kearse cnn svescovessensis 8-8 8-6 8-7 


am OP(OR),: 6-63 g.) and had ajf” +55-6°, dj" 1-200, nif 1-4350 (Found : P,7-9. Tri-a-carbethoxyethyl phosphate, 


the chlorine in the system and could not have been merely dimethylaniline hydrochloride. From the ethereal solution 
adistillate (1-9 g.), b. p. 56—60°, and a residue (0-9 g.) were obtained. This peculiar behaviour is being examined further. 

(b) Using one mol. of oxychloride and one mol. of base. The oxychloride (8-1 g., 1 mol.), added dropwise to a mixture 
of ethyl (+)lactate (4-0 g., 1 mol.) and pyridine (2-7 g., 1 mol.) at 0° (in absence of ether), caused the slow precipitation 
of pyridine hydrochloride. After being heated on a steam-bath for 45 minutes, during which procedure the reaction 
mixture existed as two liquid layers, the mixture was cooled and the lower layer solidified to white crystalline mass. 
Ether was added, and the solution was rapidly separated from the crystalline mass which was washed with ether and, 
after being under reduced pressure for 2 hours, it weighed 6-54 g. (Found: Cl, 29-9; P, 14-0; C,;H,N, 41-2%). This 
corresponds approximately with C,H,N,HCI,PO,Cl, and it contains 90% of the phosphorus in the system. The filtered 
ethereal solution was added to ice and, after being washed and dried, it yielded ethyl (—)a-chloropropionate (1-65 g., 
36%); b."p. 46°/18 mm., aj®’ —21-8°, and a residue (1-0 g.). 

Formation of chloride, RCI, did not occur during the addition of the oxychloride or on subsequent standing at room- 
temperature. In a parallel experiment, ether was added after the mixing, and the ethereal solution was separated from 
here pyridine hydrochloride (4-01 g. Found : Cl, 30-6%), and poured onto ice. The residue from the washed and dried 

ethereal solution gave no distillate, oil bath at 130°/10 mm. The first stage is evidently the formation of the phosphate 
by the oxychloride (0-33 mol.) and the second stage is the interaction of the oxychloride (0-66 mol.) and the phosphate 
(0-33 mol.), the chloride, RCI, being produced during the subsequent heating at 100°. 

With quinoline (4-3 g., 1 mol.) as the base, there was a slow precipitation of solid at0°. On the steam-bath (30 minutes) 
acolourless homogeneous liquid was produced; but the addition of ether then caused the separation of a viscous liquid 
which, after being separated from the ethereal solution by decantation and then kept under reduced pressure for 2 hours, 
weighed 8-8 g.; it dissolved in water (Found: Cl, 24:5; P, 11-6%, i.e., all the phosphorus in the system). From the 
ethereal solution, after this had been washed and dried, ethyl (—)a-chloropropionate (3-1 g.), b. p. 45°/19 mm., 
ay —21-6°, nif 1-4169, was obtained. The weight and analysis of the ether insoluble part corresponds fairly closely 
to C,H,N,HC1, PO,Cl (Calc. : Cl, 26-9; P, 11-7%). 

With dimethylaniline (4-0 g., 1 mol.) as base, no precipitate was obtained. Addition of ether, after the liquid had 
been on the steam-bath for 30 minutes, caused the separation of an oil, which, after separation by decantation and being 
kept under reduced pressure for 2 hours, weighed 8-2 g. and dissolved completely in water (Found: Cl, 22-8; P, 
118%, i.e., nearly all the phosphorus in the system). _From the washed and dried ethereal solution, ethyl (—)a-chloro- 
propionate (3-1 g.), b. p. 45°/19 mm., a}® —21-6, nj" 1-4168, was obtained. Here again the weight and analysis of 
the ether insoluble part correspond approximately to C,H,N(CH;),,HCI,PO,Cl. 

(c) Using oxychloride (1 mol.) and base (2 mols.). To a mixture of ethyl (+)lactate (5-3 g., 1 mol.) and pyridine 
(7-1 g., 2 mols.) at —10°, the oxychloride (6-9 g., 1 mol.) was added dropwise, and the resulting mixture was then heated 
at 90—95° for 1 hour. The pasty mass remaining when the mixture was cooled was extracted with ether, and the 
portion insoluble in ether, after being under reduced pressure for 2 hours, weighed 13-35 g. (Found: Cl, 22-8; P, 9-6; 
C,H,N, 49:0%). Ethyl (—)a-chloropropionate (3-8 g.), b. p. 56—57°/31 mm., 143—144°/755 mm., aj’ —4-8°, di?* 
10760, ni§° 1-4155, was obtained from the washed and dried ethereal solution. 

The pasty mass was probably a mixture of pyridine oe (A), formed during the addition of the first 0-33 


mol. of oxychloride, and a compound (B) of the type O<-1 -NC,H,, formed during the subsequent heat-treatment, 
Cl 
approximately in molecular proportion (Calc. : Cl, 24:2; P, 10-6; C;H,N, 53-9%). 
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THe NorRTHERN PoLyTEcHNIc, Hottoway Roap, N.7. [Received, August 14th, 1945.] 





3M 








Kahn and Petrow : 


225. Some Pyridyl Analogues of Triphenylmethane. 


By H. J. Kann and V. A. PETROw. 
(Note by R. WiEN and J. Harrison.) 


By an extension of Kern’s method (G.P. 27032) for the synthesis of substituted triphenylmethanes from 
Michler’s hydrol and arylamines, representative compounds of the diphenylpyridyl-, phenyldipyridyl-, ang 
tripyridyl-methane series have been prepared. Biological examination of these new substances did not reveal 
any outstanding chemotherapeutic activity. 

A new method is described for the preparation in quantity of di-(6-dimethylamino-3-pyridy])thioketone. 


THE triphenylmethane dyestuffs were amongst the earliest effective chemotherapeutic agents against Gram. 
positive organisms, whilst certain members such as Malachite Green were also shown to be active in experi- 
mental trypanosomiasis. Although now largely displaced by the more effective sulphonamides, amidines, etc,, 
such compounds as Gentian Violet still find limited application in the control of some infections (see Sutton, 
J. Amer. Med. Assoc., 1938, 110, 1733), and in the treatment of burns (Aldrich, New England J. Med., 1937, 
217, 911). In addition Gentian Violet is the most effective anthelmintic against Oxyuris vermicularis (Wright 
and Brady, J. Amer..Med. Assoc., 1940, 114, 861) and is one of the few successful agents in Strongyloides 
stercoralis infestations. 

The object of the present investigation was to determine whether the introduction of nuclear nitrogen 
‘into the benzenoid rings of the triphenylmethane dyestuffs would be accompanied by an increase in bactericidal 
activity, or by the appearance of novel pharmacological properties. Pyridyl analogues of triphenylmethane 
have previously been prepared (a) by condensation of pyridyl-2-aldehyde with dimethylaniline (Harries and 
Lenart, Annalen, 1915, 410, 112), (b) from Michler’s hydrol and 2-aminopyridine in sulphuric acid solution 


(Plazek and Sucharda, Ber., 1928, 61, 1811), (c) by the action of phenylmagnesium bromide on phenylpyridyl 


ketones (Tschitschibabin and Benewolenska, Ber., 1928, 61, 551), and (d) by condensation of 2-dimethyl- 
aminopyridine with benzaldehyde (Tschitschibabin and Knunjanz, Ber., 1931, 64, 2839). 

On repeating the work of Plazek and Sucharda (loc. cit.) we found that we were unable to substantiate their 
claim that reaction (b) above leads to the formation of a tetramethyltriaminodiphenylpyridylmethane, m. p. 
163° (uncorr.). In our hands condensation of 2-aminopyridine with Michler’s hydrol in sulphuric acid solution 
gave a product, m. p. 173—175°, also obtained from 3- and 4-aminopyridines, which proved on analysis to be 
leuco-Crystal Violet. The formation of this compound from Michler’s hydrol in acid solution has previously 
been demonstrated by Weil (Ber., 1894, 27, 3316). 


nis ON R R ; . 
R == j). _" = CH— A, H, 5 A, ‘ex, ne Ss 
ms A ‘ 


2 
I.) (II.) 
, _ p-NMe,C,H i R’ R” R”’ 
R’ = 4.NMe,C HCH NH, )NH, R” NH, NH, NH, NHR” 
(III.) (IV.) (V.) (Va.) 


The claim of Plazek and Sucharda (loc. cit.) that the reaction between 2-aminopyridine and Michler’s hydrol 
leads to an atypical condensation in the 5-position of the pyridine nucleus has no other parallel in the literature. 
The only apparent analogy is the remarkable formation of di-(6-dimethylamino-3-pyridyl)-methane (RH) 
from 2-aminopyridine by prolonged heating with formaldehyde-formic acid (Tschitschibabin and Knunjanz, 
Ber., 1929, 62, 3084). We have investigated this reaction as it represents the only authentic example of 4 
condensation with an aldehyde involving the 5-position of 2-aminopyridine. The Russian authors had pre 
viously shown that 2-dimethylaminopyridine does not undergo reaction with formaldehyde-formic acid, and 
so cannot be an intermediate in the formation of R’’-H. When we submitted the complex reaction product 
of 2-aminopyridine with formaldehyde to vacuum distillation we obtained the trimeride of the hypothetical 
Schiff’s base methylene-2-aminopyridine, C,H,N=CH,, in a yield of approximately 20%. We have assigned 
the constitution of a 1 : 3 : 5-tri-(2'-pyridyl)-trimethylenetriamine (I) to this compound from analogy with the 
structure of the corresponding trimeride of methyleneaniline. Molecular weight micro-determinations (Rast), 
carried out by Drs. Weiler and Strauss (Oxford), gave values somewhat lower than required by (I), a behaviour 
exactly paralleled by the aniline analogue which, as shown by Miller and Wagner (J. Amer. Chem. Soc., 1932, 
54, 3699), undergoes partial depolymerisation during molecular weight determinations in camphor. Reductio 
of (I) with formic acid at the boiling point gave a mixture from which 2-aminopyridine, 2-dimethylamime 
pyridine, and a base, C,;H,,N,, were isolated. The last compound was recovered unchanged after treatmett 











with dinitrobenzoy] chloride in pyridine, and so apparently has no free imino- or amino-groupings. We hav 
therefore assigned it the constitution of a methylene-di-(2-pyridylmethylamine) (II), a structure agreeing wel 
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with both its mode of formation and the behaviour on reduction of compounds of type (I) (cf., ¢.g., Miller and 

Wagner, ibid., p. 3700). Finally, Steinhauser and Diepolder’s benzylidene-2 : 2’-dipyridylamine (J. pr. Chem., 

1916, 93, 392) gave, with formic acid, the known benzylaminopyridine (Tschitschibabin and Knunjanz, ibid., 

p. 2893), there being no indication of the parallel formation of a dipyridylphenylmethane derivative. These 

observations led to the conclusion that the possibility of obtaining a triphenylmethane analogue from 2-amino- 
idine is not very great, and threw doubt on the results of Plazek and Sucharda (loc. cit.). 

We accordingly turned our attention to the reaction between Michler’s hydrol and 2 : 6-diaminopyridine in 
sulphuric acid solution. Our reason for choosing the latter compound lay in the well-established reactivity of 
the 3-position in this base (cf., ¢.g., Seide, Ber., 1926, 59, 2465). We succeeded thereby in preparing a mono- 
pyridyldiphenylmethane derivative in 40% yield. We have assigned it the constitution of a di-(4-dimethyl- 
aminophenyl)-3'-(2' : 6'-diaminopyridyl)- methane (III) on the basis of the analytical figures, the stability to acids 
(thus excluding a ‘‘ leucauramine ” type of structure), and the formation of a dibenzoyl derivative. 

Di-(6-dimethylamino-3-pyridy])-carbinol (R’’OH), the dipyridyl analogue of Michler’s hydrol, was obtained 
by Tschitschibabin and Knunjanz (loc. cit.) by the following series of reactions : 


H-CO,H Ss 
NH,-C,H,N . (NMe,'C,H;N),CH, _* 5 (NMe,C,H,N),CS 
2-aminopyridine HCHO di-(6-dimethylamino-3-pyridyl) methane thioketone 
NaH, 
a (NMe,*C,H,N) CO a... Fe (NMe,°C,;H,N),CHOH 
di-(6-dimethylamino-3-pyridyl) ketone di-(6-dimethylamino-3-pyridy])-carbinol 


When we attempted to prepare the thioketone by fusion of the methane base with sulphur at 190° under 
reduced pressure, we found that the scale of working specified by the Russian authors (3 g. methane base —+ 
700 mg. thioketone) could not be increased without a drastic diminution in yield. We were, therefore, obliged 
to accumulate supplies of material by the tedious repetition of these small-scale preparations. It was only 
when the present investigation was practically completed that our continued attempts to evolve a suitable 
method for the preparation of the thioketone met with success. We observed that by carrying out the reaction 
in benzyl acetate, a solvent first used for sulphur reactions by Simpson (J., 1939, 757), we occasionally obtained 
somewhat more encouraging results. We found ultimately that employment of technical ¥-cumene as a solvent 
led to yields of 40% thioketone, apparently independently of the scale of the experiment. 

Condensation of di-(6-dimethylamino-3-pyridyl)-carbinol (R’’OH) with aniline in sulphuric acid solution 
led to the formation of 4-aminophenyl-di-(6'-dimethylamino-3'-pyridyl)-methane (IV; R’’ = NH,). The 
presence of one primary amino group in this compound was shown by the preparation of a monobenzoyl 
derivative which no longer gave a positive diazo-test. 4-Methylaminophenyl-di-(6'-dimethylamino-3'-pyridyl)- 
methane (IV; R’’’ = NHMe), prepared in a similar way from monomethylaniline and R’’OH, was characterised 
by a p-toluenesulphonyl derivative. Dimethylaniline gave 4-dimethylaminophenyl-di-(6'-dimethylamino-3'- 
pyridyl)-methane (IV; R’”’ = NMe,), although in only 17% yield. This compound resembled its aryl analogue, 
leuco-Crystal Violet, in the ease with which it underwent oxidation; thus, even picric acid converted it into a 
highly coloured dyestuff. 

Condensation of R’OH with 2: ¢-dieminopyridian gave a 60% yield of a compound, C,,H,,N,. We have 
assigned the constitution of a di-(6’-dimethylamino-3'-pyridyl)-3-(2 : 6-diaminopyridyl)-methane (V) to this 
product although, in contrast to (III), it formed only monobenzoyl and mono-p-toluenesulphony!l derivatives. 
Attempts to acetylate these compounds led to the formation of intractable gums. A “ leucauramine ”’ type 
of structure (Va) is not excluded by these observations. On the other hand such a formulation appears to be 
incorrect as we failed to obtain a leucauramine from R’’OH and aniline by prolonged refluxing in various neutral 
solvents. Again, the reaction went equally smoothly in 30% sulphuric acid, a result that can hardly be 
reconciled with the well-established instability of leucauramines to acids. 

We succeeded in oxidising some of the above pyridyl analogues of triphenylmethane to the dyestuffs with 
chloranil in alcoholic solution. In view of the small quantities of materials available, it did not prove feasible 
to isolate the carbinols in a state of purity. The crude oxidation products were directly converted into the 
highly coloured hydrochlorides, which were somewhat redder than the corresponding triaryl dyestuffs. These 
were used for biological examination without further purification. 


NoTE. 
Therapeutic Activity.* 


Antibacterial activity was tested by the serial dilutional method in nutrient broth against Staphylococcus 
aureus, E. coli, and Pseudomonas pyocyanea. The bacteriostatic activity (minimal effective concentration) was 
assessed by the turbidity of the broth after 18 hours’ incubation at 37°. The toxicity was determined in mice 
by both intravenous and subcutaneous administration. The results are summarised below. All the above 
compounds were found to be inactive in T. equiperdum infections in mice. 


* Work done in the Biological Division, May and Baker, Ltd., on behalf of the Therapeutic Research ee 
of Great Britain, Ltd. 
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Antibacterial activity (minimal 
effective concentration). 
L.D.;5 (mg./kg.). Fa 








— ae 
Za —“ —~ Staph. Ps, 
Compound (hydrochloride). i/v. s/c. aureus. E. coli. pyocyaneg, 
Di-(6-dimethylamino-3-pyridyl) ketone ............0cecseeeeees 40 50 zz 8,000 1: 8,000 1: 16,009 
Di-(6-dimethylamino-3-pyridyl)carbinol _ ..................+.. > >40 >50 i e- 8,000 1: 8,000 1: 16,009 
(limit of solubility) 
4-Aminopheny] 2-pyridyl] ketone . .............csssesesceeeeeees 70 —_ zs 4,000 1: 4,000 1: 8009 
Di- ee val bith sind 
methane ....... eee : 20 — i: 8,000 1: 2,000 1: 2.00 
Oxidation product .. 150 >400 As 32,000 1: 2,000 1: 2.009 
4-Aminophenyl- di-(6- -dimethylamino- 3’ ’pyridyl)- -methane_ 100 800 .: 2,000 1: 4,000 1: 4,000 
ae -di- ere ana asLC ae 
methane ..... : 90 700 | 2,000 — 1: 2,000 
Oxidation product .. ; ; 150 220 1: 256,000 — 1: 2,000 
4-Dimethylaminophenyl- ai-(6' dimethylamino- -3'- -pyridyl)- 
methane ....... a a 2,000 1: 2,000 1: 4,000 
Oxidation product .. 95 — 1: 1,024,000 Le 1: 4,000 
Di-(6-dimethylamino- 3- + pyridy!) -3'- y=(are 6- “-diaminopy ridy!)- 
methane ...... 240 750 1,000 — : 2,000 
Crystal violet . Nab tanhstnniatiametihseeagraeiuiddese zene 25 - 1: 20,000,000 1: 64,000 1: 8,000 
a a — — 1 : 20,000,000 —_— —s 


Di-(6-dimethylamino-3-pyridyl)carbinol was tested against the following Gram-negative organisms, minimal 
effective concentrations being given : 


B. coli-commune 1 : 2000 S. parvatyphi B (2 vars. a Seer ee 
B. coli-aerogenes enrideseieitenses “sae S. EY PRt-Muviums ......2.2 202200006 1 : 4000 
B. dysenteriae (Flexner) igcksensasesesese” “te S. onteritidis 1 : 4000 
Salmonella typhi esi vars. m tibiae. SSaeee Proteus vulgaris . 1 : 4000 
S. pavatyphi A . geraasiess 1 : 4000 


It thus appears to have a specific effect against this type of organism, although not of a high order. It further 
appears that the leuco-compounds have approximately the same degree of activity against Gram negative 
organisms as against Gram positive organisms, whereas the oxidation products are many times more active 
against the latter than the former. 

The oxidation product of 4-dimethylaminopheny]l-di-(6’- -dimethylamino- 3’-pyridyl)-methane was also 
kindly tested by Dr. J. Ungar (Glaxo Laboratories, Ltd.) in tissue culture for toxicity to fibroblasts. Dilutions 
were made up in Tyrode solution and the tests performed on depression slides. Ina dilution of 1 : 400,000 the 
outgrowth of cells in the control was greater than in the test slides, in which the cells began to degenerate. 


EXPERIMENTAL. 


M. p.’s are corrected. Microanalyses are by Drs. Weiler and Strauss, Oxford, and The Wellcome Chemical Works, 
Dartford, Kent. 

Condensation of Michler’s Hydrol with the Aminopyridines.—F¥o Michler’s hydrol (2-7 g.) dissolved in water (20 ml.) 
and sulphuric acid (1-5 g.), the aminopyridine (1-0 g.) was added and the blue solution warmed for 4 hours on the water 
bath. The mixture was made alkaline, the greenish precipitate collected, dried, extracted with benzene, and crystallised 
from alcohol. The properties and results of analyses of the products isolated are given below, together with the data 
for leuco-Crystal Violet and the figures given by Plazek and Sucharda (loc. cit.) for their product. 


C, %. H, %. N, %. M. p. 
From 2-aminopyridine ..............cccceceeee 80-1 8-2 11-7 173—175° 
“ a poiwestncmsesostsecesescens ee 8-3 11-4 173—175 
i Sieniaiaasirmbsenceisetes., Se 8-3 11-3 173—175 
leuco-Crystal a ee 8-3 11-3 172—173 (uncorr.) 
ERO NE TCG via cecscccerccssccccesepece 76°3 75 16-2 163 (uncorr.) 


1: 3: 5-Tri-(2’-pyridyl)-trimethylenetriamine (1).—2-Aminopyridine (10 g.) was dissolved in formalin (30 ml.) and 

the-Solution evaporated to dryness on the water bath. The resinous solids were distilled and the fraction, b. p. 170— 

°/15 mm., collected (5 g.). After dissolving in a little alcohol and standing for 12 hours at 0°, the crystalline product 

as collected and recrystallised from ligroin. 1 : 3 : 5-Tri-(2’-pyridyl)-trimethylenetriamine formed needles, m. p. 96° 
(Found: C, 67-9; H, 6-1; N, 26-5; M, 272. CisHiNe requires C, 67-9; H, 5-7; N, 26-4%; M, 318). 

Methylene-di-(2-pyridylmethylamine) (II).—1 : 3 : 5-Tri-(2-pyridyl)- trimethylenetriamine (50 g.) was heated under 
reflux with formic acid (200 ml., d 1-2) for 12 hours. After removal of the volatile fraction by distillation on the watet 
bath under reduced pressure, the residue was hydrolysed with conc. hydrochloric acid and the product distilled under 
reduced’pressure. The fraction, b. p. 112—120°/20 mm. (15 g.), partly crystallised on standing at 0°, and was separated 
into a solid and a liquid fraction by decantation. The solid fraction, after crystallisation from ligroin, was identified as 
2-aminopyridine by m. p. and by its dibenzoyl derivative, m. p. 167° (Found: N, 9-7. Calc. for C,gH,,O,N,: N, 9:3%) 
(Tschitschibabin and Bylinkin, Ber., 1922, 55, 1001). The liquid fraction was treated with benzoyl chloride in pyridine, 
the product distilled and the fraction, b. p. 200—205°/11 mm., collected; after ‘further purification benzoyl-2 
methylaminopyridine, m. p. 61—62°, was obtained (Found: N, 13- 8. Calc. for C,3H,,ON, : N, 13-2%) (Tschitschibabia 
and Knunjanz, Ber., 1928, 61, 2216, give m. p. 61—62° and b. p. 200°/11 mm.). 

The fraction, b. p. 258 —260°/20 mm., from the original distillation solidified on standing. After crystallisation from 
Hiigroin, it yielded methylene-di-(2- pyridylmethylamine) as white needles, m. p. 132—133° (Found: C, 68-0; H, 7-0; N, 
25-0; M, 210. C,;H,.N, mani < 68-4; H, 7-0; N, 246%; M, 228). 

Di-(4-dimethylaminophenyl)-3 ’-(2’: 6’-diaminopyridyl)- -methane (III).—To Michler’s hydrol (5-4 g.) dissolved in wate 
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(40 ml.) and sulphuric acid (22 g., d 1-84), 2 : 6-diaminopyridine (2-2 g.) was added and the intense blue solution warmed 
on the water bath for 2 hours; on making the solution alkaline, a greenish gummy precipitate was produced and this 
eventually crystallised. It was collected, dried under reduced pressure, extracted with a little benzene, and crystallised 
twice from benzene-ligroin (1:1). Di-(4-dimethylaminophenyl)-3’-(2’ : 6’-diaminopyridyl)-methane formed colourless 
prisms, m. p. 181—182° (Found: C, 73-1; H, 7-5; N, 19-4. C,,H,,N, requires C, 73-1; H, 7-5; N, 19-4%). Di-(4-di- 
methylaminophenyl)-3'-(2’ : 6’-dibenzamidopyridyl)-methane, prepared by treating the base (1-5 g.) in dry pyridine (20 ml.) 
with benzoyl chloride (1-4 g.) for 12 hours at room temperature, followed by precipitation with alkali, formed silky 
needles from methanol, m. p. 143—144° (Found: C, 75-4; H, 6-3. C,,H,;,O,N, requires C, 75-6; H, 6-4%). 

Improved Method for the Preparation of Di-(6-dimethylamino-3-pyridyl) Thioketone.—To di-(6-dimethylamino-3- 
pyridyl)-methane (54 g.) dissolved in %-cumene (60 ml.), finely powdered sulphur (15 g.) was added and the mixture 
heated under reflux for 44 hours. After standing overnight at 0°, the deep purple crystalline mass of thioketone was 
collected, washed with a little methyl alcohol, and dried on the water bath; yield 25 g. Hydrolysis was accomplished 
essentially by the method of Tschitschibabin and Knunjanz (loc. cit.): the thioketone (55 g.) was dissolved in 10% 
hydrochloric acid (700 ml.) and the deep violet solution heated under reflux until the colour had changed to pale brown 
(ca. 1hgur). The mixture was filtered, made alkaline with sodium hydroxide, and the pale yellow precipitate collected 
and crystallised from alcohol. Di-(6-dimethylamino-3-pyridyl) ketone separated in yellow plates, m. p. 169° (43 g., 
34% calc. on the methane base). 

4-Aminophenyl-di-(6’-dimethylamino-3’-pyridyl)-methane \(IV;~ R’’ = NH,).—To di-(6-dimethylamino-3-pyridy]l)- 
carbinol (6 g.) dissolved in water (70 ml.) and sulphuric acid (15 g.), freshly redistilled aniline (2-5 g.) was added and the 
solution warmed for 7 hours on the water-bath. After making the solution alkaline, the solid product (8 g.) was collected, 
dried, dissolved in pyridine (40 ml.) and treated at 0° with excess of benzoyl chloride. After 12 hours at room temper- 
ature, excess of dilute ammonia was added and the precipitated material collected and crystallised from aqueous alcohol 
(4-2 g., 41%). 4-Benzamidophenyl-di-(6’-dimethylamino-3’-pyridyl)-methane formed nacreous white plates, m. p. 200° 
(Found: C, 74:1; H, 6-4; N, 15-8. C,sH,,ON, requires C, 74-5; H, 6-6; N, 15-5%). The benzamido-compound (3 g.) 
was hydrolysed by heating with syrupy phosphoric acid (9 ml.) for 1 hour at 200°, and the base (2-2 g., 96%) precipitated 
by addition of ammonia. 4-Aminophenyl-di-(6’-dimethylamino-3'-pyridyl)-methane was obtained in needles from aqueous 
alcohol, m. p. 146-5° (Found : C, 72:2; H, 7-1; N, 20-4. C,,H,,;N, requires C, 72-6; H, 7-2; N;20-2%). 

4-Methylaminophenyl-di-(6’-dimethylamino-3’-pyridyl)-méthane-44V ; R’’’ = NHMe).—This was prepared by heating 
the carbinol (6-0 g.), water (50 ml.), conc. sulphuric acid (10 g.) and monomethylaniline (2-8 g.) together for 7 hours on 
the water-bath. After basification, excess monomethylaniline was removed in steam, the product collected (2-8 g., 
40%) and crystallised from aqueous alcohol and finally from ligroin. 4-Methylaminophenyl-di-(6’-dimethylamino-3’- 
pyridyl)-methane formed needles, m. p. 156—157° (Found: C, 73-1; H, 7-5; N, 19-4. C,,H,,;N, requires C, 73-1; V 
H, 7-5; N, 19°5%). The p-toluenesulphonyl derivative was prepared by heating the violet solution of the base (1-8 g.) 
in pyridine (10 ml.) and p-toluenesulphony] chloride (1-0 g.) for 14 hours on the water-bath, followed by precipitation with 
water; it formed needles from ligroin, m. p. 133° (Found: S, 6-0. Cg,H;,0,N,S requires S, 6-3%). v 

4-Dimethylaminophenyl-di-(6’-dimethylamino-3’-pyridyl)-methane (IV;"R’” = NMe,).—This was prepared by heating 
the carbinol (3 g.), water (25 ml.), sulphuric acid (4 g.), and dimethylaniline (1-5 g.) for 10 hours on the water-bath. The 
product was extracted with benzene and crystallised from ligroin (780 mg., 17%). 4-Dimethylaminophenyl-di-(6’-di- 
methylamino-3'-pyridyl)-methane formed needles, m. p. 137° (Found: C, 73-6; H, 7-7; N, 18-8. C,3H.N,; requires — 
C, 73-6; H, 7°7; N, 18-7%). 

Di-(6’-dimethylamino-3’-pyridyl)-3-(2 : 6-diaminopyridyl)-methane (V) was prepared by heating together the carbinol 
(1-5 g.), water (12 ml.), sulphuric acid (2 g.), and 2 : 6-diaminopyridine (0-7 g.) for 7 hours on the water-bath. The 
product (7-3 g., 62%) was extracted with a little benzene and crystallised from ligroin-methanol. Di-(6’-dimethylamino- 
3’-pyridyl)-3-(2 : 6-diaminopyridyl)-methane formed cubic crystals, m. p. 233° (Found: C, 66-0; H, 6-9; N, 27-0. C,,H,;N, 
requires C, 66-1; H, 6-9; N, 27-0%). The monobenzoyl derivative formed needles from alcohol, m. p. 210° (Found : 
C, 69-0; H, 6-2. C,;7H, ON ; requires C, 69-4; H, 62%). The mono-p-toluenesulphonyl derivative formed yellow flat 
prisms from aqueous pyridine, m. p. 234—-235° (Found: S, 6-2. C,3H;,0O,N,S requires S, 6:2%). 

Chlovanil Oxidations.—The base (1-0 g.), dissolved in alcohol (20 ml.), was heated under reflux with chloranil (600 mg.) 
forl hour. The mixture was evaporated to dryness on the water bath, the residue dissolved in a little water and made 
alkaline with 5% sodium hydroxide solution. The gummy precipitate was extracted with benzene or ether, the filtered 
solution extracted with conc. hydrochloric acid and the intensely coloured acid liquors evaporated to dryness. The 
residue, dissolved in methanol, was saturated with hydrogen chloride, and the solution evaporated to dryness; this 
residue was washed with dry ether and dried under reduced pressure. The hydrochlorides formed crystalline hygro- 
scopic powders. The colours of the dilute solutions were as follows: Oxidation product from: (III), blue—blue green; 
(™) oe = NHMe), magenta; (IV) (R’’” = NMe,), mauve. Dyestuffs could not be obtained from (IV) (R’’ = NH,) 
or from (V). ‘ 
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226. Some Sulphanilamidophenyl Cyanides and Related Compounds. 
By A. H. Coox, I. M. HeImrBron, K. J. REED, and M. N. STRACHAN. 


o-,m-, and p-Sulphanilamidophenyl cyanides, some derivatives of the o-isomeride and three sulphanilamido- 
methoxyphenyl cyanides were prepared and examined for antibacterial activity. Those having an o-cyano group- 
ing were superior to other cyanides and to the sulphonamides described in an earlier paper. Their superiority 
may be correlated with their acid dissociation constants which were also determined. 


AN earlier paper (Cook, Heilbron, and Reed, this vol., p. 182) described the preparation of some sulphonamides 
derived from a number of aminophenyl heterocyclic compounds. It was later found that o-sulphanilamido- 
phenyl cyanide (I) obtained from the N-acetyl derivative (/oc. cit.) surpasses the compounds described therein 
as an antibacterial agent. m- and p-Sulphanilamidophenyl cyanides have also been prepared but were sub- 
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stantially inferior to the o-isomeride as bacterial inhibitors. This suggested that the o-cyano grouping may 
have a specific effect and a number of further sulphonamides containing this grouping and other substituents 
in various positions were synthesised. 


in, a > x, Janka 
OH 


(I.) (II.) (III) 
a, R = *CH,’CH,°CO,H 
b, R =-CH!CH-CO,H 


Thus the o-sulphanilamidophenyl cyanide was readily converted. into the derivatives of succinanilic and 
maleanilic acid (Ila and IIb) (cf. Moore and Miller, J. Amer. Chem. Soc., 1942, 64, 1572) by reaction with the 
appropriate acid anhydrides; coupling the diazotised sulphonamide with resorcinol gave the azo dyestuff (IM) 
and introduction of the sulphanilyl residue into anthranilamide gave o-sulphanilamidobenzamide via its N*-acetyl 
compound. Reduction of 4-nitro-2-cyanoanisole to 4-amino-2-cyanoanisole followed by the usual reaction with 
acetylsulphanilyl chloride gave 5-sulphanilamido-2-methoxyphenyl cyanide via its N*-acetyl derivative. Similar 
reactions with 3-nitro-4-aminoanisole and 5-nitro-2-aminoanisole gave in the one case 3-nitvo- and 3-amino-4- 
cyanoanisole and eventually 2-sulphanilamido-4-methoxyphenyl cyanide and its N*-acetyl compound ; in the other 
case the products were 5-nitvo- and 5-amino-2-cyanoanisole and eventually 4-sulphanilamido-2-methoxyphenyl 
cyanide and its N*-acetyl derivative. p-Sulphanilamidobenzyl cyanide and its N*-acetyl compound were also 
obtained by orthodox reactions. 

The in vitro antibacterial activities of many of these sulphonamides and their N‘-acetyl derivatives were 
kindly examined by the scientific staff of the Department of Experimental Medicine, Glaxo Laboratories, Ltd, 
The outstanding feature of the results was the demonstration of the superiority of 2-sulphanilamido-4-methoxy- 
phenyl cyanide containing the o-cyano grouping over its isomerides and related compounds, though some of 
the others were not without promise, and a similar remark may be made of the less complete in vivo tests, 
Thus .2-sulphanilamido-4-methoxyphenyl cyanide inhibited the growth of B. subtilis on a synthetic medium 
at a dilution of 1 : 640,000, and Hemolytic Streptococcus at a dilution of 1 : 320,000 (corresponding figures for 
sulphathiazole were 1 : 320,000 and 1: 160,000 respectively). The succinyl derivative of (I) and the azo 
dyestuff derived from (I) and resorcinol also had high in vitro activity against B. subtilis, E. coli, Staph. aureus 
and Hemolytic Streptococcus; in all cases the antibacterial action as manifested by pellicle inhibition of 
B. subtilis was removed by p-aminobenzoic acid. 

A connection between the acid dissociation constant of a sulphonamide and its in vitro biological activity 
(Fox and Rose, Proc. Soc. Exp. Biol. Med., 1942, 50, 142; Schmelkes et al., ibid., 1942, 50, 145) has led toa 
number of views on the variation of activity and its correlation with structure. Roblin and Bell (J. Amer. 
Chem. Soc., 1942, 64, 2905) pictured the effectiveness of sulphonamides as dependent on the degree to which 
they are ionised as acids at pH = 7; comparison of a large number of sulphonamides indicated that the most 
effective were those of pK, = 6-7 and it was concluded that, excluding other important considerations govern- 
ing in vivo activity, the maximum activity of N}-substituted sulphonamides had been reached. Kumler and 
Daniels (J. Amer. Chem. Soc., 1943, 65, 2190) have accommodated some apparent discrepancies in the simpler 
view byemphasising the probable importance of the contribution of a resonating quinonoid dipolar form (IV). 


ce an 
rs aa NH,= =R—N 
NH,—< yt iR Nee 
; oO ” nad 
(IV.) (V.) 


In most cases of acidic sulphonamides, however, their acid dissociation constants, or more precisely the 
degree to which they are ionised at ca. pH = 7, afford a measure of the major factor, the negative ion, contri- 
buting to the quinonoid form and in this restricted manner might be expected to indicate the effectiveness of 
the sulphonamides as antibacterial agents. It was of interest therefore to determine the acid dissociation 
constants of the more promising of the sulphonamides described in this and the former communication. Of 
these twenty-two were titrated electrometrically in 50% ethanol and from the apparent pK, values, pK, 
values in water were deduced from the curve constructed by Roblin and Bell (/oc. cit.) relating these constants. 
The results are summarised in the following table. 

It will be seen that this table, arranging the compounds in the order of their decreasing acidity, is headed 
by the two o-sulphanilamidopheny] cyanides, the antibacterial activity of which had been noted as outstanding. 
It should also be stated that p-sulphanilamidobenzyl cyanide, and to a lesser extent some of the other sulphon- 
amides, had more promising antibacterial activities than the compounds arranged in this order might indicate. 
Disregarding these minor deviations, however, it seems that the activities of this restricted group of sulphon- 
amides may generally be satisfactorily correlated with their acid dissociation constants. In view of the marked 
superiority of the o-sulphanilamidophenyl cyanides over their m- and particularly their p-isomerides, a specific 
effect such as a contribution to the quinonoid form by virtue of an influence which in an extreme form may 
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Dissociation Constants of Sulphonamides. 


Sulphonamide. PKasom EtOH): PK ac,0) Kg. 

¢-4-methoxyphenyl cyanide { ......... sce see seeseeeee cee ceeseeseeceeceecseceseeaes 7°97 6-75 1-8 x 107 
sepheay! cyanide sib boe Vin ses ehavebaeenes woe pin dan sncanbabensh kab iakbenaeuseh tibiae 8-28 71 79 x 10% 
4S-methoxyphenyl CyaMide — .........ccscesseseeeceecee eee ceeeeecaecesesenessee sae ens 8-4 7°25 56 x 10° 
4S-phenyl CHONG occ scc ccc ccs ven ccc ccc cceces scence ces cos eseeesesesee ces ssenes ene eee cee 8-71 71-5 32 x 10% 
MEROREGMNGS 200000022 cso ccc ces covcrecesces see see ces ccceseceecee cee sese 8°85 7-7 20 x 10% 
$S-pheity] cyaMide  ............ 02s ceeeeeessenecee ene cnsceecneensseeseeeesescesaee cesses 9-15 8-0 1-0 x 10-8 
?-(p-S-pheny!)-4-methylthiazole * Gabinin'ons cumkcpiingilee te aeeminbtae ieee aibphcast 9-56 8-5 3-2 x 10°* 
BORA YTIGING  .0. 000000000 ccs csecse vor cee cos cnc ces coe sec ene ces con des cee see vovecs ces cesees 9-81 8-7 20 x 10° 
Ethyl 4-(p-S-phenyl)-2 : 6-dimethylpyridine-3 : 5-dicarboxylate *............ 10-2 9-15 71x 
9-(m-S-pheny])-4-methylthiazole * ............ssseseesesesesseeeesceeceesesene ses ens 10-27 9-2 6-3 xk 1071° 
bS-benzyl CYAMIdE — ...... cee eee ceeeee eee cee eee eee 10-47 9-5 3-2 x 10° 
SORE YEGTIOURD © on. 00. ccc cevees ccc cos coe covccs coe cecncscoe seseee cesses sen cee ces coe 10-6 9-6 2-5 x 10° 
Ethyl 4-(m-S-phenyl)-2 : 6-dimethylpyridine-3 : 5-dicarboxylate* ......... 10-7 9-7 2-0 x 190° 
eb-S-phenylpyridine © .........cccccgershersocccccrccesesccss cee sce cesees ces seecee cesses 10-85 9-9 1-3. x 107° 
Geiphamilamide ............00.ssscrsssscccccressessccecceseesesces ccs cesses sescos cee sosees 11-5 10-65 2-2 x 10 
is CUED |... csaucnderehevenscn cn sesweqaniibeh phnbacuisheneseinees Weakly acidic. 

SRS-pltenylpyridime © ... 22.20.00. ccccecccecesccesovececescos ccs cee coc sescsecec ene ces see Weakly acidic. 

MPR DRONYIPYTIGINS © ......2.000002 cecccscce coe cec cee ccccee cogcce cee ccc ccs cee ees sescee ves Weakly acidic. 

PO FEVTRIRS © oo. 000 ccces rg eve cocccecccccc ccs sec cce covceacco ccc cee scescosed oes Weakly acidic. } 
2-(m-S-phenyl)-4 : 6-dimethylpyrimidine * ............ 2.202 cseseeeee reese eee eee ene Weakly acidic and insoluble. 


#-S-4-a-pyridyldiphenyl* ........ ibetsde nara hieniteinatooaiianstanin Weakly acidic and insoluble. 
?-(0-S-pheny])-4-methylthiazole* ........... ere : Weakly acidic and insoluble. 


* Cook, Heilbron, and Reed (loc. cit.). + S = p-NH,C,H,’SO,’NH. 


possibly be represented by (V) cannot be excluded. Work is in progress to examine the effect of the cyano 
grouping on the activity of other groups of antibiotic agents. 


& 
EXPERIMENTAL. 


o-Aminophenyl cyanide was prepared by the method of Bogert and Hand (J. Amer. Chem. Soc., 1902, 24, 1038) ; 
when o-nitrophenyl cyanide (13 g.) in ethanol (200 c.c.) was reduced catalytically over Adams’ catalyst at room temper- 
ature and pressure, reduction was incomplete and the sole product isolated formed needles, m. p. 197—198° from ethanol. 
It contained no amino group and was evidently o-azoxyphenyl cyanide (lit., m. p. 194—195°) (Found: C, 68-0; H, 3-0; 
N, 22-6; M, cryoscopic in camphor, 250. Calc. for C,,H,ON,: C, 67:75; H, 3-25; N, 226%; M, 248). 

o-N*-Acetylsulphanilamidophenyl cyanide (Cook, Heilbron, and Reed, doc. cit.) (10 g.) was refluxed with 2n-hydro- 
thloric acid (100 c.c.) for 1 hour and the solution neutralised whereupon 0-sulphanilamidophenyl cyanide (8-7 g.) was 

ipitated; it separated from ethanol or acetone-light petroleum in solvated form but c ised normally from 
e-ligroin in slender needles, m. p. 157—158° (Found: C, 57-1; H,4-1. C,,;H,,O,N,S fequires C, 57-1; H, 41%). 
The sulphonamide (6-8 g.) was boiled with 2n-hydrochloric acid (31 c.c.) and water (100 ¢.c.) and the cold solution diazot- 
ised over 30 minutes with sodium nitrite (1-8 g.) in water (12 c.c.). After stirring for 3 hours, the yellow suspension 
was coupled by adding it to resorcinol (2-75 g.) in excess of 2n sodium hydroxide. The azo dyestuff was precipitated 
with 2n hydrochloric acid and was purified by solution in alkali and reprecipitation, or by solution in ethanol and pre- 
dipitation with water. It formed a dark red powder melting rather indefinitely at 170° (Found: N, 14-5. C,,H,,0O,N,S 
requires N, 14-2%). Equimolecular quantities of maleic anhydride and 2-sulphaniloamidophenyl cyanide were boiled 
in acetone for 2—3 minutes and solvent removed. Solution of the residue in aqueous sodium bicarbonate and 
acidification gave the crude derivative in almost theoretical yield. 

The 4-sulphon-(2’-cyanophenyl)amide of maleanilic acid separated from ethanol in microcrystalline granular form, m. p. 
189° (Found: C, 55-0; H, 3-55. C,,;H,,0,N,S requires C, 55-0; H, 3-5%). 2-Sulphanilamidophenyl cyanide (9-5 g.), 
succinic anhydride (5 g.) and dioxarl(20c.c.) were refluxed ‘for 30 minutes. Part of the product (2-8 g.) crystallised from 
the hot filtrate, and a further quantity (5-5 g.; total 65%) was obtained by removing solvent, extracting the residue 
with aqueous sodium bicarbonate, and acidifying the extract. The 4-sulphon-(2’-cyanophenyl)amide of succinanilic,acid 
separated from aqueous ethanol or ethanol-ligroin in microcrystalline form, m. p. 203° (Found: C, 545; H, 4:25. » 
C,,H,,0,N,S requires C, 54-7; H, 4-1%). . 

cetyisulphanilyl chloride (22-5 g.) was added to m-aminophenyl cyanide (Bogert and Hand, J. Amer. Chem. Soc., 

1904, 26, 468) (11-3 g.) in pyridine (25 c.c.) and the reaction completed on the steam-bath for 1 hour. Water precipitated 
m-N*-acetylsulphanilamidophenyl cyanide which was used directly in the succeeding stage; it crystallised from acetone— 
ligroin in prisms, m. p. 232—233° (Found: C, 57-4; H, 4:3. C,,H,,0,N,S requires C, 57-1; H, 4°2%). The crude 
awetyl derivative was refluxed for 1 hour with 2n-hydrochloric acid and the solution neutralised. The product crystallised 
from acetone-light petroleum (charcoal) and m-sulphanilamidophenyl cyanide (15 g.; 57% overall) separated in glistening 
plates (Found : C, 57-3; H, 3-9. C,,;H,,O,NjS fequires C, 57-1; H, 4:1%). 

p-Aminophenyl cyanide (Bogert and Hand, ibid., 1910, 82, 1495) was similarly converted into p-Nt-acetylsulphanil- 
imidophenyl cyanide which separated from acetone-ligroin in prismatic needles, m. p. 246—247° (Found: C, 57-1; 
H, 4:35. C stH4sO,N,S requires C, 57-1; H, 4:2%), and thence, as above, into Bo neers te cyanide; the * 
latter separAte from acetone-ligroin in large needles, m. p. 175—176° (yield, 65%, overall) (Found: C, 57-0; H, 4-2. 
C,3H,,0,N,S¥equires C, 57-1; H, 4-1%). , 

Anthranilamide was conveniently prepared by shaking methyl anthranilate (3-0 g.) with ammonia (d 0-88, 25 c.c.) 
util the oil disappeared (several days), removing solvent and crystallising the residue from water; this was less trouble- 
some than the process using liquid ammonia (cf. Morris, Handford, and Adams, J. Amer. Chem. Soc., 1935, 57, 953). 
oN‘. 4 cetylsulphanilamidobenzamide was obtained (yield, 90%) in the usual way; it crystallised from cyclohexanone in 
small prisms, m. p. 261° (Found: C, 54-05; H, 4:6. C,,H,,0,N,S requires C, 54-05; H,4-6%). Refluxing for 44 hours 
with 10 vols. of 2n-hydrochloric acid and neutralising the solution gave o-sulphanilamidobenzamide which crystallised 
fom ethanol-ligroin in needles, m. p. 175° (Found: C, 53-8; H, 4-5. C,sH,,0,N,S requires C, 53-6; H, 45%). 

p-N*-Acetylsulphanilamidobenzyl cyanide was prepared from p-aminobenzyl cyanide in the usual way; it separated 
fom ethanol—ligroin (charcoal) in small needles, m. p. 213° (Found: C, 58:3; H, 4:55. C,,sH,,0,N,S requires C, 58-35; 
H, 4.6%). Refluxing the crude acetyl compound with 10 vols. of 2n-hydrochloric acid for 1 hour and neutralising the 
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solution gave p-sulphanilamidobenzyl cyanide (yield, 73% overall), which separated from acetone-ligroin in need] 
m. p. 201° (Found ao 58-7; H, 4:7. C,gH,sO,N,S'requires C, 58-5; H, 4-55%). ” 

4-Nitro-2-cyanoanisole (1-7 g.) in ethytacetate*(200 c.c.) was hydrogenated at room temperature and pressure over 
Adams’ catalyst, the theoretical quantity of hydrogen for reduction of the nitro to the amino group being fairly 
rapidly absorbed. Removal of solvent and crystallisation of the residue from ethyl acetate-ligroin gave 4-aming. 
cyanoanisole in pale yellow needles, m. p. 100° (Found: C, 64:6; H, 5-6. C,H,ON, requires C, 64:8; H, 54%). Treat. 
ment of the amino-cyanide (11-2 g.) with acetylsulphanilyl chloride (17-7 g.) in pyridine (50 c.c.) as in previous prepar. 
ations gave 5-N‘-acetylsulphanilamido-2-methoxyphenyl cyanide (2-3 g.; 85%), which crystallised from ethanol in smal] 
needles, m. p. 237—238° (Found: C, 55-6; H, 4:1. C,gH,,0,N3S requires C, 55-6; H, 41%). Boiling the acetyl 
derivative with 15 vols. of 2N-hydrochloric acid for 3 hours and neutralising the solution gave the crude sulphonamide 
(8-2 g. or 45% of theory). 5-Sulphanilamido-2-methoxyphenyl cyanide separated from acetone—ligroin in small prisms, 
m. p. 219° (Found: C, 55-45; H, 4-35. C,,H,,03;N,S requires C, 55-45; H, 4:3%). 

3-Nitro-4-aminoanisole (68 g.) was dissolved with warming in concentrated hydrochloric acid (94 c.c.) and water 
(150 c.c.). The cold suspension of hydrochloride was diazotised at 0° with sodium nitrite (28 g.) in water (100 c.c.) over 
45 minutes and after a further 30 minutes the diazonium salt solution was added over 30 minutes to a stirred boilin 
solution prepared from potassium cyanide (112 g.) and copper sulphate (102 g.) in water (500c.c.). Filtration of the warm 
liquid gave the crude cyanide (42 g.), m. p. 187—138°. 3-Nitro-4-cyanoanisole separated from ethyl acetate—ligroin in 
yellow-brown plates, m. p. 140° (Found: C, 54:1; H, 3-5. CsH,O,N, requires C, 53-95; H, 3-4%) (this compound is 
mentioned but not described in F.P. 828,202). The preceding compound (40 g.) was added during 20 minutes to stannous 
chloride (168 g.) in concentrated hydrochloric acid (500 c.c.), the temperature being not higher than 40°. After the 
reaction was completed, the solution was heated to 65° and a small red precipitate separated and rejected; the filtrate 
was set aside at — 12° for several hours and the crystalline deposit separated and addeg to water (100 c.c.) and 2Nn-sodium 
hydroxide (300 c.c.). The free base was extracted with ether and solvent removed (21-3 g., 65%). 3-A mino-4-cyano- 
anisole crystallised from ethyl acetate-ligroin in colourless plates, m. p. 96° (Found: C, 64-6; H, 5-45. C,H,ON, 
requires C, 64-85; H, 5-45%) (this compound is mentioned without details of preparation or description in B.P. 483,585). 
The amine (19-7 g.) was treated with acetylsulphanilyl chloride (31 g.) in pyridine, as in previous preparations. Crude 
2-N‘-A cetylsulphanilamido-4-methoxyphenyl cyanide (38-5 g., 84%) separated from ethanol in short needles, m. p. 185° 
(Found : C, 55-8; H, 4-4. C,,H,,0,N;S requires C, 55-6; H, 435%). The acetyl compound required 4 hours’ refluxing 
with 10 vols. of 2N-hydrochloric acid to effect solution and the sulphonamide was precipitated on neutralisation. 2-Sulph- 
anilamido-4-methoxyphenyl cyanide separated from ethanol-ligroin in needles, m. p. 182° (Found: C, 55-6; H, 46. 
C,,H,,0,N,S requires C, 55-45; H, 4:3%). 

5-Nitro-2-aminoanisole (67-2 g.) in 2N-hydrochloric acid (500 c.c.) was diazotised over 20 minutes with sodium nitrite 
(28 g.) in water (100 c.c.) and the solution added over 1 hour to boiling cuprocyanide solution (112 g. of potassium cyanide, 
102 g. of copper sulphate, and 500 c.c. of water) ; extraction of the filtered sludge with ethanol and allowing the extract 
to crystallise gave 5-nitro-2-cyanoanisole (15 g.). It separated from ethanol, acetone—ligroin, or ethyl acetate-ligroin in 
golden orange needles, m. p. 180° (Found: C, 54:1; H, 3-6. C,H,O,N, requires C, 53-9; H, 3-4%); a further quantity 
was obtained by extracting the sludge with acetone (total yield, 45 g.,63%). The nitro compound, reduced with stannous 
chloride as in the case of the preceding isomeride, was converted into the crude amino compound (80%); 5-amino-4- 
cyanoanisole crystallised from water in needles, m. p. 102° (Found: C, 64-75; H, 5-5. C,H,ON, requires C, 64-85; 
H, 5-45%). The sulphanilyl residue was introduced exactly as in the preceding preparation. 4-N*-Acetylsulphanil- 
amido-2-methoxyphenyl cyanide (80%) separated in small crystals, m. p. 242°, from acetone-ligroin (charcoal) (Found: 
C, 55-6; H, 4-4. C,,H,,0,N,S requires C, 55-6; H,4:35%). 4-Sulphanilamido-2-methoxyphenyl cyanide (80%) separated 
from ethanol in needles, m. p. 210° (Found: C, 55:7; H, 4-3. C,4H,;0,N,S requires C, 55-45; H, 43%). ' 

The sulphonamides (1—4 mg.) in CO,-free 50% ethanol (1 c.c.) were titrated electrometrically with 0-05n-sodium 
hydroxide in 50% ethanol using the apparatus described by Catch, Cook, and Kitchener (this vol., p. 319). The equivalent 
values were in agreement with those calculated, and the apparent pK, values in 50% ethanol were reduced to pK, values 
in water alone (see Roblin and Bell, Joc. cit.). The reliability of this procedure was indicated by ifs application to two 
known sulphonamides. Found (for sulphapyridines): pK, (H,O) = 8:7; Schmelkes et al. (loc. cit.) quote 8-29, Roblin 
and Bell (loc. cit.) 8-4, Fox and Rose (loc. cit.) 8-5, Wollfbrandt (Dansk Tidsskr. Farm., 1940, 14, 113; J. Amer. Pharm. 
Assoc., Pharm. Abs., 1942, 21, 29) 8-7. Found (for sulphanilamide) : 10-65; Albert and Goldacre (Nature, 1942, 149, 
245) quote 10-2, Roblin and Bell 10-43, Fox and Rose 10-5, Schmelkes et al. 10-66. 
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227. Preparation of Carbamyl Fluorides by the Action of Anhydrous Hydrogen 
Fluoride on isoCyanates. 


By G. D. Bucxtey, H. A. Piccott, and A. J. E. WELCH. 


Anhydrous hydrogen fluoride reacts with phenyl isocyanate to give phenylcarbamyl fluoride. The reaction 
is reversed on heating or on treatment with water. Similar results have been obtained with a series of aliphatic 


and aromatic mono- and di-isocyanates. Phenyl cyanide and phenyl isothiocyanate do not form stable adducts 
with hydrogen fluoride. 4 ss 


Tue simple aliphatic and arematic isocyanates are powerful lachrymators and are very readily hydrolysed by 
water. Attention has been directed to the preparation of compounds which would be free from these defects 
but would react with amines in a similar way to the isocyanates, and in the course of thi$ work the previously 
unknown alkyl- ang aryl-carbamy] fluorides, NHR-CO-F, have been prepared. 
The preparation of carbamyl fluoride itself by the action of anhydrous hydrogen fluoride on cyanic acid 
at —80° has been described by Linhard and Betz (Ber., 1940, 73, 177), and N-substituted carbamyl chlorides 
have been prepared by several authors both from the amines and from the isocyanates. The chlorides, however, 
dissociate very readily and it was hoped that the fluorides would be more stable. 
Phenyl isocyanate reacted readily with anhydrous hydrogen fluoride at room temperature to give a quantit- 
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ative yield of phenylcarbamyl fluoride, the constitution of which was proved by analysis and by its reaction with 
weous ammonia to form phenylurea and ammonium fluoride. It was non-lachrymatory and fairly stable 
toheat, but evolved hydrogen fluoride on heating above 100°. On treatment with water, the carbamy] fluoride 


| decomposed rapidly, producing a strong odour ofg@heny] isocyanate and depositing carbanilide. This indicated 


that the decomposition was not a true hydrolysis of the acid fluoride to the carbamic acid, but simply a dissoci- 
ation into phenyl isocyanate and hydrogen fluoride, resulting from the ease of hydration of hydrogen fluoride. 
This was confirmed by the failure of the carbamyl] fluoride to react with aqueous 40% hydrofluoric acid, 
hydrolysis being completely suppressed. 

p-Tolyl-, hexadecyl-, p-nitrophenyl-, hexamethylene-bis-, and m-phenylene-bis-carbamyl fluorides were similarly 

pared from the corresponding isocyanates and di-isocyanates. They were all crystalline solids, closely 
resembling phenylcarbamy] fluoride in their reactions. Elementary analysis of these compounds was com- 
plicated by their attacking glass, and although satisfactory C, H, and N analyses were generally obtained, the 
fuorine figures were almost invariably less than calculated; this is considered to be due to the known difficulty 
of determining organically combined fluorine and not to the presence of impurities. 

Attempts to prepare benziminofluoride and phenylthiocarbamyl fluoride by the action of anhydrous 
hydrogen fluoride on phenyl cyanide and on phenyl isothiocyanate were unsuccessful. 


EXPERIMENTAL. 


Microanalyses by Mr. E. S. Morton. M. p.’s are uncorrected. 

Phenylcarbamyl Fluoride, NHPh*CO-F.—Anhydrous hydrogen fluoride (25 c.c.) was measured into a nickel tube 
cooled in solid carbon dioxide, and cautiously diluted with an equal volume of dry ether. A solution of phenyl isocyanate 
(24 g.) in dry ether (25 c.c.) was then added from a dropping funnel during 15 minutes; the reaction tube was closed 
with a rubber bung carrying a calcium chloride drying tube, removed from the bath and allowed to stand at 20° for 
Yhours. The ether and excess hydrofluoric acid were removed by heating under reduced pressure at 40°, this operation 
being very slow owing to the formation of an HF-ether complex. On pouring into a platinum basin and allowing to 
stand in a desiccator, the residue solidified to a mass of crystals, m. p. 30—31°. This was dissolved in carbon tetra- 
chloride (30 c.c.), filtered, cooled in an ice-salt mixture and diluted with an equal volume of pentane; the colourless 
needles which separated were washed with pentane. Phenylcarbamyl fluoride had m. p. 32° (Found: N, 10°35; F, 12-2. 
(,H,ONF requires N, 10-1; F, 13-65%). By treatment with concentrated aqueous ammonia, phenylcarbamy] fluoride 
gave ammonium fluoride (identified by testing with cerium nitrate in dilute acetic acid) and phenylurea, m. p. 147°. 
On treating the carbamy]l fluoride with water, a strong odour of phenyl isocyanate was noticed and a white precipitate 
sowly separated; the final products were hydrofluoric acid and carbanilide, m. p. 235—236°. 

p-Tolylcarbamyl fluoride was obtained in quantitative yield from p-tolyl isocyanate as described above for the phenyl 
aalogue. By crystallisation from benzene, it was obtained in colourless prisms, m. p. 58° (Found: C, 63-45; H, 5-0; 
N, 9-25; F, 10-7. C,H,ONF requires C, 62-75; H, 5-2; N, 9-15; F, 12-4%). On treatment with water it gave 
pp’-ditolylurea, m. p. 262°, and, with aqueous ammonia, p-tolylurea, m. p. 186°. 

p-Nitrophenylcarbamyl Fluoride.—Anhydrous hydrofluoric acid (20 c.c.) was charged into a nickel tube cooled in solid 
tarbon dioxide, and p-nitrophenyl isocyanate (12 g.) was added over 15 minutes. The mixture was allowed to stand at 
#° for 2 hours and the excess hydrogen fluoride was then driven off by a current of dry nitrogen at 40°. The yellow 
crystalline residue, p-nitrophenylcarbamyl fluoride, was purified by crystallisation from dry ether, giving colourless needles 
(5 g.), m. p. 141°, which rapidly turned yellow on standing and which decomposed to give a high-melting solid on 
heating to a temperature slightly above the m. p. (Found: C, 44-9; H, 2-75; N, 15-5; F, 10-25. C,H,O,N,F requires 
¢, ~? a? 2-7; N, 15-25; F, 10-35%). On treatment with water this carbamy] fluoride gave pp’-dinitrodiphenylurea, 
i. p. Pe 

n-Hexadecylcarbamyl fluoride, NHC,,H,,°CO-F, was obtained in quantitative yield from m-hexadecyl isocyanate by 
the procedure described above for the phenyl analogue. Crystallisation of the crude product from light petroleum 
(0. p. 60—80°) gave colourless plates, m. p. 98° (Found: N, 5:2; F, 5-7. C,,H,;,ONF requires N, 5-1; F, 6-9%). On 
teatment with concentrated aqueous ammonia, this carbamy] fluoride gave n-hexadecylurea, m. p. 109° (cf. Buck e¢ al., 
]. Amer. Chem. Soc., 1938, 60, 461). 

Hexamethylene-di-(carbamyl fluoride) was prepared from hexamethylene diisocyanate as described above for the 
phenyl analogue. Crystallisation from benzene gave colourless needles, m. p. 75° (Found: C, 46-25; H, 6-85; N, 13-4; 


-_— 


F, 16-75. .C,H,,O,N,F, requires C, 46-15; H, 6-75; N, 13-45; F, 18-25%). A solution in dioxan, poured into excess — 


of concentrated aqueous ammonia, gave a precipitate of hexamethylenediurea, m. p. 195—196°. 

m-Phenylene-di-(carbamyl Fluoride).—A solution of m-phenylene diisocyanate (20 g.) in dry ether (100 c.c.) was 
illowed to react with a solution of anhydrous hydrofluoric acid (20 c.c.) in dry ether (20 c.c.) as described above for 
phenyl isocyanate. The ether and excess hydrogen fluoride were distilled off under reduced pressure at 40°, leaving a 
white powder having an indefinite m. p.; m-phenylene-di-(carbamyl fluoride) is readily soluble in dioxan and only slightly 
sluble in benzene and in ether (Found: N, 13-75; F, 15:2. C,H,O,N,F, requires N, 14:0; F, 17-0%). A dioxan 
slution gave a precipitate of m-phenylene-di-urea, m. p. 302°, on pouring into excess concentrated aqueous ammonia. 
Treatment of the carbamy] fluoride with water gave a high-melting polymer. 


The authors wish to thank Mr. J. F. Wood, B.Sc., for assistance in the handling of anhydrous hydrogen fluoride. 
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228. Studies on Hydrogen Cyanide. Part XV. The Action of Hydrogen 
Chloride on Methyl Cyanide. 


By Leonarp E. HINKEL and Civ J. TREHARNE. 


Hydrogen chloride readily combines with methyl cyanide at low temperatures forming a crystalline acetamido 
dichloride. The latter compound is unstable and is readily dissociated into its two components by water or by 
bases such as dimethylaniline. The dichloride melts at 6° and in the liquid state undergoes partial decom- 
position into acetimido chloride, methyl cyanide and hydrogen chloride; further changes slowly occur yielding 
a-chloroethylidene acetamidine and its hydrochloride. The latter compound is the chief product of heating 
the dichloride under pressure. 


GAUTIER (Amn. Chim. Phys., 1869, 17, 174) saturated methyl cyanide with hydrogen chloride at 0° and obtained 
a small quantity of a crystalline substance. Since the liquid had absorbed almost one equivalent of hydrogen 
chloride Gautier concluded that the compound had the. formula CH,;,CN-HCl. He was not able to obtaing 
stable compound since the crystals readily redissolved in the liquid. 

If Gautier’s experiment be repeated at —17°, two molecules of hydrogen chloride are readily absorbed 
and crystals rapidly form, the liquid becoming a solid crystalline mass consisting of acetamido dichloride, 
Me-CCl,-NH,. This compound is unstable at ordinary temperatures and melts at 6° With partial decom. 
position in the first instance into a mixture of methyl cyanide, acetimido chloride, Me-CCI°NH, and hydrogen 
chloride. This liquid on being recooled to —17° deposits the dichloride but when left at room temperature 
it gradually undergoes further changes in which union takes place between two molecules of acetimido chloride 
and at the same time a molecule of acetimido chloride combines with a molecule of acetamido dichloride 
yielding in the first case «-chloroethylidene acetamidine (I) and in the second case its hydrochloride (II). 


2Me-CCl:NH —>Me-CCI:N-C(:NH)-Me _(L.) 
Me-CCIINH + Me-CCi,-NH, —> Me-CCI-N-CMeCl‘NH, == = [Me-CCIIN-CMe:NH,]Cl (II) 


The hydrochloride (II) is readily converted into a-chloroethylidene acetamidine (I) by solution in alcohol 
and both compounds react with dimethylaniline in a manner similar to that of chloromethylene formamidine 
(cf. Hinkel and Dunn, J., 1930, 3343) yielding a-tri(dimethylaminopheny]l)-ethane. 


PhNMe, PhNMe, 
Me:-CCI:N-C(:NH)*Me ———> Me-C(C,H, NMe,):N-CH(:NH)*Me ———-> Me-Ci(C,H,NMe,), -+ Me-C(:NH)-NH, 


Actamido dichloride when heated in a sealed tube at 100° is converted almost entirely into the hydro 
chloride of «-chloroethylidene acetamidine (II). Acetamido dichloride is completely dissociated into methyl 
cyanide and hydrogen chloride by water. It does not react with resorcinol in ether in presence of zinc chloride 
at 0° but readily does so at room temperature yielding resacetophenone, due to its partial decomposition into 


acetimido chloride. It reacts slowly with well-cooled alcohol yielding crystals of the hydrochloride of acetimido 
ethyl ether, Me-C(-NH,HCl)-OEt. 

Acetamido dichloride reacts vigorously with dimethylaniline even at low temperatures liberating methyl 
cyanide, and a small quantity of «-tri(dimethylaminophenyl)-ethane. Under reduced pressure the dichloride 
may be heated to 90° without liquefaction, but it loses its crystalline form and gradually dissociates into its 
two components leaving a small residue of a-chloroethylidene acetamidine. 


EXPERIMENTAL. 


Methyl cyanide was purified as described by Koch (J., 1927, 648), being finally distilled over phosphorus pentoxide 
and boiling at 81-6°/760 mm. 

Acetamido Dichloride.—Dried hydrogen chloride was passed into well-cooled (ice and salt) methyl cyanide with the 
rigid exclusion of moisture. After a short latent period the absorption of the hydrogen chloride was rapid, the liquid 
increased in volume and colourless crystals began to separate. The passage of hydrogen chloride was continued until 
all the methyl cyanide was converted into the dichloride. The crystals were placed in a well-cooled desiccator undet 
slightly reduced pressure for a short time to remove adhering hydrogen chloride (Found : N, 12-0; Cl, 62-7. C,H,NQ, 
requires N, 12-3; Cl, 62-3%). Acetamido dichloride melts at 6° with partial decomposition, some hydrogen chloride 
- being evolved. Considerable recrystallisation occurs on cooling the resulting liquid to —17°. The crystals are insoluble 
in the cold in ether, benzene, chloroform, and esters. 

In the subsequent experiments the solid acetamido dichloride was directly prepared from the calculated quantity 
of methyl cyanide dissolved in dry well-cooled ether, the ether being subsequently decanted from the crystals of the 
dichloride. 

Decomposition of Acetamido Dichloride.—(a) Under reduced pressure. Methyl cyanide (10 c.c.) was converted into 
the dichloride as described above. The vessel was then connected to a well-cooled U-tube and this in turn to a wate 
pump to maintain an internal pressure of 1l mm. The vessel containing the dichloride was then gradually warmed. 
At 40°, the solid dichloride lost its crystalline structure and as the temperature rose it gradually disintegrated until at 
90° decomposition with effervescence began, leaving a small quantity of a liquid which solidified on cooling. . The liquid 
which condensed in the U-tube yielded methyl cyanide on distillation. 

(b) Slow decomposition at room temperature. The solid dichloride was allowed to attain room temperature in a flask 
to which access of moisture was prevented and the resulting liquid left for several months. The liquid became pink 
and viscous and was then transferred to a vacuum desiccator to remove free methyl cyanide and hydrogen chloride. 
The white solid residue was extracted with dry ether. The ether solution on concentration yielded transparent needles 
which, when purified by dissolution in the minimum of alcohol and precipitated with ether, gave colourless plates, 
m. p. 174—175° (Found: N, 23-8; Cl, 30-3. C,H,N,Cl requires N, 23-7; Cl, 300%). a-Chloroethylidene acetamidim 
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yas a hygroscopic solid, stable in dry air, readily soluble in alcohol and sparingly soluble in ether but insoluble in many 
other solvents. The residue from the ether extraction was insoluble in most solvents but was sparingly soluble in 
methyl cyanide from which it separated in colourless rosettes, m. p. 80° (decomp.) (Found: N, 17-8; Cl, 45-8. C,H,N,Cl, 
wires N, 18-1; Cl, 45-7%). a-Chloroethylidene acetamidine hydrochloride was a very hygroscopic solid. It was soluble 
in alcohol from which solution excess of ether precipitated the above a-chloroethylidene acetamidine. These two 
idine derivatives were obtained more readily, though in lesser yield, from the above-mentioned pink viscous 
liquid by the addition of dry ether until no further turbidity occurred. The upper ether layer on standing slowly de- 
ited transparent needles of a-chloroethylidene acetamidine. The lower layer similarly on standing for several hours 
geposited the hydrochloride in colourless rosettes. 

(c) Heating under pressure. Methyl cyanide (15 c.c.) was converted at 16° into the dichloride in a thick-walled tube 
galed at one end. The tube with its contents was then sealed and heated at 100° for 6 hours. The resulting viscous 
liquid which did not yield any crystals on being cooled to —16° was slightly warmed and rapidly transferred to a basin 
nd placed over solid sodium hydroxide in a vacuum desiccator. The resulting crude yellowish solid (14 g., 62%) 
consisted of a-chloroethylidene acetamidine hydrochloride and, after washing with dry ether, had m. p. 78°. It was 
pot further purified but converted into the free chloroethylidene acetamidine by dissolution in alcohol and precipitation 
with ether as previously described. 

Action of Alcohol on Acetamido Dichloride.—Well-cooled absolute alcohol (5 c.c.) was added to the dichloride, obtained 
fom methyl cyanide (4-5 c.c.), and the mixture maintained at —16°. The crystals gradually changed their structure 
md, after a few hours, became transparent prismatic crystals of the hydrochloride of acetimido ethyl ether. These 
were removed and a further yiéld obtained by adding ether to the mother liquor (total, 7-1 g., 58%) (Found: N, 11-5; 
(1, 28-9. Calc.: N, 11:3; Cl, 28-89%). 

Action of Water on Acetamido Dichloride.—The dichloride obtained from methyl cyanide (20 c.c.) was slowly added 
to water at 0° in which it gradually dissolved yielding a colourless solution which was immediately fractionally dis- 
tiled: The portion distilling below 90° was ‘collected and after standing over fused calcium chloride yielded, on dis- 
tilation, methyl cyanide (14 c.c.), b. p. 82°. 

Action of Dimethylaniline on Acetamido Dichloride.—Well-cooled dimethylaniline (50 g.) was added slowly to the 
dichloride obtained from methyl cyanide (7 c.c.) at —16°. A brisk reaction occurred, methyl cyanide was evolved and 
asmall quantity of a dark blue solid remained. The solid was dissolved in water, made alkaline and steam-distilled. 
The solid residue, after crystallisation from alcohol, yielded colourless plates of a-tri(dimethylaminopheny])-ethane, 
mn. p. 87° (Found: C, 80-5; H, 9-1; N, 10-0. Calc.: C, 80-6; H, 86; N, 10-9%). 

Action of Dimethylaniline on a-Chloroethylidene Acetamidine.—A solution of a-chloroethylidene acetamidine (14 g.) 
in dimethylaniline (43 g.) was heated on a water-bath for several hours during which time the mixture became violet 
incolour. The reaction mass was dissolved in water, made alkaline and distilled in steam. The solid residue after 
several crystallisations from alcohol yielded crystals of a-tri(dimethylaminophenyl)-ethane, m. p. 87° (24-3 g., 53%). 
Asimilar result was obtained from the hydrochloride of the above a-chloroethylidene acetamidine. 

Reaction with Resorcinol.—A well-cooled solution of resorcinol (12 g.) in ether (40 c.c.) together with powdered zinc 
thloride (4-5 g.) was added to acetamido dichloride prepared from methyl cyanide (7 c.c.) in ether. No reaction occurred 
at 0° even after several hours. A reaction, however, set in as soon as the mixture attained room temperature, a light 
brown precipitate being formed. The mixture was poured into water, the ether removed by evaporation and the solution 
heated to boiling. On cooling crystals of resacetophenone were obtained, m. p. 145° (3-2-g.). 


The authors thank Mr. E. E. Ayling for some assistance during the investigation. 
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229. Some Derivatives of 3-Aminoquinoline. 


By G. R. Cremo and G. A. Sway. 


Certain derivatives of 3-aminoquinoline, having the 2-position either unsubstituted or substituted by 
methyl or phenyl, and 6: 7-positions either unsubstituted or substituted by dimethoxy or methylenedioxy 
have been prepared. The hydrochlorides and methochlorides of these derivatives have been subjected to 
biological tests. Certain 2-styryl derivatives of 3-aminoquinoline quaternary salts have also been prepared. 


ALTHOUGH many derivatives of quinoline have useful chemotherapeutic properties, derivatives of 3-amino- 
quinoline have been little investigated. We therefore thought it useful to prepare a series of such compounds 
in which the 2-position was either unsubstituted or substituted by methyl or phenyl, and the 6 : 7-positions 
were either unsubstituted or substituted by dimethoxy or methylenedioxy and to subject the hydrochlorides 
and methochlorides of these bases to chemotherapeutic tests. 

Also, in view of the antiseptic properties of many. styryl derivatives of quinoline, certain styryl derivatives 
of 3-aminoquinoline have been prepared. ’ 

3-Aminoquinoline is best prepared either by the action of ammonia on 3-bromoquinoline (Renshaw and 
Friedman, J. Amer. Chem. Soc., 1939, 61, 3320) or by the reduction of 3-nitroquinoline (Joc. cit.) obtained either 
by the condensation of o-aminobenzaldehyde with methazonic acid (G.P. 335,197) or from 2-nitro-2-formyl- 
tthylideneaniline (Uhle and Jacobs, J. Org. Chem., 1945, 10,76). 3-Nitro-6 : 7-dimethoxy- and -6 : 7-methylene- 
dioxy-quinolines have been obtained by condensing methazonic acid with 6-aminoveratraldehyde and 6-amino- 
piperonal, respectively. The reduction of the latter proceeded smoothly to the corresponding 3-amino com- 
pound; but the reduction of the former was less satisfactory. 
3-Amino-2-phenylquinoline was prepared by the method of Petrow, Stack, and Wragg (J., 1943, 316). 
Attempts to prepare 3-phenylaminoquinoline by the condensation of 3-aminoquinoline with bromobenzene, 
 3-bromoquinoline or 3-hydroxyquinoline with aniline, or of 3-aminoquinoline hydrochloride with aniline 
were unsuccessful. Attempts to prepare 3-methylaminoquinaldine by condensing 3-aminoquinaldine with 
ptoluenesulphonyl chloride followed by methylation and hydrolysis failed on account of the difficulty of the 
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final hydrolysis. Substitution of mesitylenesulphonyl chloride in place of p-toluenesulphonyl chloride 

only slightly more promising results, so this line was not pursued further (cf. Cocker, J., 1937, 1695). 
3-Aminoquinaldine was prepared by the method of Lawson, Perkin, and Robinson (/J., 

and the corresponding 6 : 7-methylenedioxy derivative by that of Berlingozzi and Napolitano (. tn 7 

MB cohol ( 

tiled aw 

ich se 

dehyde. » ag 

Di-(3-quinaldyl)urea was prepared by the action of phosgene on 3-aminoquinaldine (Stark and Hofmang fwith +. 

Ber., 1913, 46, 2697). Di-(3-quinolyl)urea has been prepared by the interaction of 3-aminoquinoline hydr. gree t 

chloride and urea in aqueous solution. ; ‘ound 


ound : 
The conversion of all the above bases into the methochlorides was accomplished smoothly by the usual F The | 


methods, with the exception of the urea derivatives. water an 
3-Dimethylaminoquinaldine methiodide was obtained by the interaction of 3-aminoquinaldine with methy| 115%). 
iodide (3 mols.) and sodium carbonate (1 mol.); and this was converted into the methochloride. The meth. re melt 
iodide condensed readily in alcoholic solution in the presence of piperidine, with p-dimethylaminobenzaldehyde fhydroly: 
and p-acetamidobenzaldehyde to give the corresponding styryl compounds. A styryl compound was alg §a. p- 25 
prepared by condensing p-dimethylaminobenzaldehyde with 3-acetamidoquinaldine methosulphate, followed 
by hydrolysis. it.) was 
By the oxidation of 3-acetamidoquinaldine with selenium dioxide, 3-acetamidoquinoline-2-aldehyde was the diac 
obtained (cf. Kaplan, J. Amer. Chem. Soc., 1941, 68, 2654). Attempts to convert this into derivatives off¢ 
2:3: 3’ : 2’-pyridoquinoline met with little success. 
The hydrochlorides and methochlorides were tested against Trypanasome rhodesiense, T. congolense, and the u 
T. cruzi; in no case was there any activity, except in that of 3-amino-2-p-dimethylaminostyrylquinoline metho-fithen in’ 
chloride which had a very slight activity against T. rhodesiense, but no action against T. congolense or T. crusi, 


EXPERIMENTAL. 


3-Nitro-6 : 7-methylenedioxyquinoline.—6-Aminopiperonal (4-5 g.) was dissolved in hot alcohol (25 c.c.), the solution onvert 
rapidly cooled to room temperature, and treated with a solution of methazonic acid (4:5 g.) (Steinkopf, Ber., 1909, @BW1 ¢.), 
2031) in alcohol (7 c.c.) and concentrated hydrochloric acid (0-7 c.c.). After standing for 2 days at room temperature, § 3-N’ 
the red solid was separated, washed with alcohol, and recrystallised from methanol—acetone (charcoal), giving 38 g, 


“m. p. 188—190° (Found: C, 55-5; H, 2-9. C,,H,O,N, requires C, 55-1; H, 2-8%). 


3-A mino-6 : 7-methylenedioxyquinoline.—Crystalline sodium sulphide (10-8 g.) was dissolved in water (10-8 c.c.), and 
concentrated hydrochloric acid (4-5 c.c.) cautiously added with cooling. The resulting solution was added during 
5 minutes to a boiling solution of the above nitro compound (3-3 g.) in alcohol (100 c.c.), and the mixture refluxed forf}\10 c.c. 
a further 15 minutes. Most of the alcohol was distilled away, dilute sodium hydroxide solution added, and the resulting jsation 
solid (1-02 g., m. p. 180°) collected, and recrystallised from benzene, giving pale yellow prisms of the base, m. p. 18? 
(Found : C, 64:3; H, 4-25. C,)H,O,N, requires C, 63-8; H, 4:25%). The monohydrochloride separated from alcoho- 


J water as pale yellow crystals, m. p. 276° (decomp.) (Found: Cl, 15-4. C,sH,O,N,,HCl requires Cl, 15-8%). 


The base (2 g.) in glacial acetic acid (5 c.c.) was heated for 10 minutes on the water-bath with acetic anhydride fhenzen 
(5 c.c.). On pouring the resulting solution into water, the acetyl derivative (2-34 g., m. p. 233—-234°) was precipitated; B yas sey 
this was crystallised from methanol—water and obtained as colourless prisms, m. p. 236° (Found: C, 62-8; H, 4%. 
1211 ,903N, requires C, 62-6; H, 435%). The latter (2-25 g.) was heated with methyl p-toluenesulphonat 


e (18g) 
Vi 2 hours at 150°, with occasional stirring, the melt extracted with hot methanol, and hot acetone added to the reall 


/ 


ing solution. The solid (3 g.) which separated on cooling, was recrystalsed from methanol, giving 3-acetamido-6:7§n p. 2 
methylenedioxyquinoline metho-p-toluenesulphonate as yellow crystals, m. p. 273° (decomp.). The crude solid (1%g} 
was refluxed for 1 hour with a mixture of concentrated hydrochloric acid (3 c.c.) and water (3 c.c.), the solution evaporated 
to dryness under reduced pressure, the residue dissolved in hot water, neutralised with potassium carbonate, and a 
solution of potassium iodide (6 g.) in hot water added. The solid (1-2 g., m. p. 270° decomp.), which separated on cook Bthen 
ing, was recrystallised from methanol—water, giving 3-amino-6 : 7-methylenedioxyquinoline methiodide as orange-yellow solutio 
prisms, m. p. 268°. The crude compound (0-9 g.) was refluxed with excess of freshly precipitated silver chloride fan aqu 
aqueous methanol for 11 hours, and the filtrate and washings evaporated to dryness under reduced pressure. The § 2-p-dis 
residue, recrystallised from methanol, gave 3-amino-6 : 7-methylenedioxyquinoline methochloride (0-4 g.) as yellow needles {C, 56- 
m. p. 294° (decomp.) (Found: Cl, 14-5. C,,H,,0,N,Cl requires Cl, 14-9%). chlorid 
3-A mino-6 : 7-methylenedioxyquinaldine Methochloride.—3-Acetamido-6 : 7-methylenedioxyquinaldine (1-37 g.) (Bet §(decon 
lingozzi and Napolitano, Joc. cit.) was heated with methyl p-toluenesulphonate (1-1 g.) for 2 hours at 150°, the met 3-] 
extracted with hot methanol, and the product (2-2 g., m. p. 165°) precipitated with ether. When recrystallised fom§pacet 
sacetone—methanol, this gave 3-acetamido-6 : 7-methylenedioxyquinaldine metho-p-toluenesulphonate as yellow pris@§ fthe w: 
m. p. 193—195°. The crude solid (2-2 g.) was hydrolysed with hydrochloric acid as previously described, and converted 8337; 
into 3-amino-6 : 7-methylenedioxyquinaldine methiodide (1-55 z.), which separated from methanol—water as orange-yellow Witt 
needles, m. p. 285° (decomp.). By boiling for 12 hours with excess of silver chloride in aqueous methanol, this (1-5 g) fist 
= converted“into 3-amino-6 : 7-methylenedioxyquinaldine methgochloride, which separated from methanol as yellow hi 
rystals, m. p. 288° (decomp.) (0-9 g.) (Found: CFT3-9. C,,H,,0,N,CT requires Cl, 14-1%). _ 3-1 
3-A mino-6 : 7-methylenedioxyquinaldine monohydrochloride separated from alcohol-water as pale yellow crystals, Biodide 
m. p. 272° (decomp.) (Found : 51-3; H, 5-0; Cl, 13-5. C,,H,Q,N,,HCI,H,O requires C, 51-3; H, 5-05; Cl, 13:3%)- B10 ho 
3-Nitro-6 : 7-dimethoxyquinoline was prepared from 6-ammodveratraldehyde (3 g.) (Rilliet, Helv. Chim. Acta, 19% 
5, 547) as described for the preparation of 3-nitro-6 : 7-methylenedioxyquinoline. The crude reddish-brown soit 
(1-72 g., m. p. 205°) was recrystallised from acetone—alcohol (charcoal), giving yellow needles (1 g.), m. p. 213° (Found: 
ot 56°6; H, 4:5; N, 12-4, C,,H,,0,N, requires _ ta 56-4; H, 4:3; N, 12-0%). ‘ . ; 
The above nitro compound in glacial acetic acid solution was hydrogenated using Adams’s catalyst (hydrogen u take: Band a 
3 mols.). The filtered solution was evaporated to dryness in a vacuum, the residue treated with dilute sodium hy roxide a 
solution, the resulting precipitate warmed with acetic anhydride, the solution poured into water, and made alkalite B iydra 
with ammonia. The resulting solid, after being crystallised twice from methanol-water, gave colourless needles, m. P Bpale ; 


wepa 
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* 
196—-167°, apparently of 3-diacetamido-6 : 7-dimethoxyquinoline (Found: C, 61-95; H, 5-85; N, 9-35. C,sH,O,N, ~ 
pires C, 62°55; H, 5°55; N, 9-7%). : ; : ; 
3-Amino-6 : 7-dimethoxyquinaldine.—A solution of potassium hydroxide (4 g.) in water (16 c.c.) was added to a solu- 
tion of 6-aminoveratraldehyde (1-44 g.) and acetonylphthalimide (1-6 g.) (Gabriel and Colman, Ber., 1902, 35, 3805) in 
"Ecohol (32 c.c.), and the mixture allowed to stand at room temperature for 3 days. The bulk of the alcohol was dis- 
filled away, and the residue acidified with dilute acetic acid. The Sphthaloylamino-6 : 7-dimethoxyquinaldine (2-8 g.), 
which separated, when recrystallised from alcohol—water, had m. p7 238°. The crude.material (2-6 -g.}-was refluxed for 
dhours with a mixture of concentrated hydrochloric acid (20 c.c.) and water (10 c.c.) and, after cooling, was made alkaline 
with sodium hydroxide; the resulting solid (1-1 g.) was separated, washed with water, and recrystallised from benzene, 
ving the base as pale yellow prisms, m. p. 184° (Found: C, 66-1; H, 6-5; N, 13-0. C,,H,,0O,N, requires C, 66-1; 
#64; N, 128%). The monohydrochloride separated from alcohol—water as pale yellow crystals,;m. p. 285° (decomp.) 
ound: C, 56°15; H, 5-9; N, 11-05; Cl, 13-9. C,,H,,O,N,,HCI requires C, 56-6; H, 5-9; N, 11-0; Cl, 13-95%). 
The base (2 g.) was heated in the water-bath for 5 minutes with acetic anhydride (5 c.c.), the mixture poured into 
yater and made alkaline with ammonia. The acetyl derivative (2-26 g., m. p. 189—191°) separated and was crystallised 
fom methanol—water as colourless crystals, m. p. 191° (Found: C, 64-8; H, 6-1. C,,H,,O,N, requires C, 64-4; H, 
415%). The crude acetyl derivative (2 g.) was heated with methyl p-toluenesulphonate (1-5 g.) for 2 hours at 150°, 
the melt extracted with hot methanol, and ether added to the cooled solution. The resulting solid (2-9 g.) was collected, 
olysed as before, and converted first into the methiodide (1-72 g.), which separated from methanol as yellow needles, 
n. p. 258°, and then into the methochloride, which crystallised from methanol as yellow prisms, m. p. 260° (decomp.) 
(g.) (Found: Cl, 13-2. C,;H,,0,N,Cl requires Cl, 13-2%). Fa 
3-Amino-2-phenylquinoline Methochloride.—3-Amino-2-phenylquinoline (2:25 g.) (Petrow, Stack, and Wragg, loc. 
‘it.) was heated with acetic anhydride (5 c.c.) for 10 minutes in the water-bath, poured into water, and ammonia added. 
The diacetyl derivative (2-6 g., m. p. 172°) was filtered off, and washed with water; John (J. pr. Chem., 1931, 181, 346) 
gives m. Pp. 173°. The dry solid was refluxed in dry benzene (50 c.c.) for 10 hours with dimethyl sulphate (1-1 c.c.), 
md the solid (1-9 g., m. p. 196—199°) which separated on cooling was recrystallised from methanol-acetone, giving 
s-acetamido-2-phenylquinoline methosulphate as pale yellow prisms, m. p. 200—201°. The latter (1-7 g.) was hydrolysed “ 
in the usual manner, and converted first into 3-amino-2-phenylquinoline methiodide, 1-5 g., m. p. 221° (decomp.), and 
then into the methochioride, which crystallised from methanol-acetone as pale yellow prisms, m. p. 230° (decomp.) / 
408g.) (Found: Cl, 13-1. C,,H,,N,Cl requires Cl, 13-1%). 
3-Dimethylaminoquinaldine Methochloride.—3-Aminoquinaldine (2-08 g.), methyl iodide (5-6 g.), anhydrous sodium 
arbonate (1-4 g.), and water (40 c.c.) were heated together under reflux for 44 hours on the water-bath. The solid which 
ated on cooling was crystallised twice from methanol and then from water, giving 3-dimethylaminoquinaldine 
mthiodide (2 g.) as bright yellow prisms, m. p. 240—241° (Found: N, 8-9. C,;H,,N,I requires N, 8-5%). This was 
converted, in the usual manner, into the methochloride, which separated from methanol—acetone as yellow crystals 
(rl g.), m. p. 230° (decomp.) (Found: Cl, 14-9. C,,;H,,N,Cl requires Cl, 15-0%). 
3-Nitroquinoline.—Renshaw and Friedmann (loc. cit.), repeating the method described in G.P. 335,197 (Chem. 
Lenty., 1921, II, 962), obtained a yield of only 22%. We have obtained a yield of approximately 48% by adding con- 
centrated hydrochloric acid (0-7 c.c.) to a solution of methazonic acid (3-5 g.) and o-aminobenzaldehyde (3-2 g.) in alcohol 
Qcc.). After standing for 2 days at room temperature, the 3-nitroquinoline separated (2-2 g.), m. p. 126°. 
3-Aminoquinoline Methochloride.—3-Acetamidoquinoline (0-92 g.) (Renshaw and Friedmann, /oc. cit.) in dry benzene 
(0 c.c.) was refluxed for 7 hours with dimethyl sulphate (0-5 c.c.). The resulting solid (1-47 g., m. p. 167°) on recrystal- 
jsation from methanol yielded 3-acetamidoquinoline methosulphate as yellow prisms, m. p. 171°. The crude solid 
was hydrolysed, as before, and GOtiverted first into 3-aminoquinoline methiodide (orange-yellow prisms from methanol-— 
water, m. p. 187°) and then into the methochloride (yellow crystals, m. p. 190°, from acetone—methanol). 
3-Aminoquinaldine Methochloride.—3-Acetamidoquinaldine (3 g.) (Lawson, Perkin, and Robinson, Joc. cit.) in dry 
benzene (45 c.c.) was refluxed for 6 hours with dimethyl sulphate (1-5 c.c.). After cooling, the solid (4-3 g., m. p. 178°) 
‘vas separated and washed with benzene; on crystallisation from methanol, this gave 3-acetamidoquinaldine methosul- 
hate as pale yellow prisms, m. p. 190—191°. The crude solid (4-2 g.) was hydrolysedim the usual way, and converted 
ist ito 3-aminoquinaldine methiodide (3-6 g.), which separated from methanol as yellow prisms, m. p. 241° (decomp.), 
+ Band then into the methochloride (1-8 g.) which separated from a small volume of methanol as hygroscopic yellow crystals, 
“En. p. 236° (decomp.) (Found: Cl, 16-7. C,,H,,;N,Cl requires Cl, 17-0%). 
3-Amino-2-p-dimethylaminostyrylquinoline Methochloride——A mixture of 3-acetamidoquinaldine methosulphate 
(6 g.), p-dimethylaminobenzaldehyde (0-8 g.), methanol (10 c.c.) and piperidine (0-4 c.c.) was refluxed for 18 hours, 
and ether added ‘to the resulting solution, after concentration. The precipitated gum was washed with ether, and 
then refluxed for 2 hours with a mixture of concentrated hydrochloric acid (2-5 c.c.) and water (3 c.c.), the resulting 
lution evaporated to dryness under reduced pressure, the residue dissolved in water, neutralised with ammonia, and 
a aqueous solution of potassium iodide added. The precipitate, after recrystallisation from methanol, gave 3-amino- 
The Lp-dimethylaminostyrylquinoline methiodide (0-7 g.) as dark red needles, with blue reflex, m. p. 322° (decomp.) (Found : 
C560; H, 4:9. C. 9H,,N,I Yequires C, 55-7; H, 5°1%). In the usual manner, this was converted into the metho- 
chloride (0-5 g.) which separated from a smal] volume of methanol as dark red crystals with a greenish reflex, m. p. 235° 
-Bidecomp.) (Found: Cl, 10-2. Cy oH, .N,Cl fequires Cl, 10-45%). 
3-Dimethylamino-2-p-acetamidostyrylquinoline Methochloride.—3-Dimethylaminoquinaldine methiodide (0-84 g.), 
1 pacetamidobenzaldehyde (0-45 g.), methanol (15 c.c.) and piperidine (4 drops) were heated together for 12 hours on 
ris@§§the water-bath. The solid (0-77 g.) which separated on cooling crystallised from methanol as yellow needles, m. p. 
verted §337_33.9° (decomp.), of 3-dimethylamino-2-p-acetamidostyrylquinoline methiodide. When hydrolysed by boiling 
yellow EWtt-hydrochloric acid, this: gave the corresponding aminostyryl Co ;-Which separated from methanol as bright 
1-5 g) ppatstals, m. p. 301—302°. The above crude yellow solid was converted into the methochloride in the usual way, giving 
yellow is go . p. 331—335° (decomp.) (Found: Cl, 9-2. C,,H,,ON,CT Yoquires Cl, 9:3%). 


: $ ylaminoquinaldine meth- 
ystals, H iodide (0-33 g:); p-dimethylaminobenzaldehyde (0-17 g.), methanol (10 c.c.), and piperidine (2 drops) was refluxed for 
3%) Bl0 hours, and the solid (0-1 g.) which separated on cooling was recrystallised from methanol, giving dark red crystals, 
1923, Bu. p. 273° (decomp.) (Found : I, 27:6. CggHgNI requires.I, 27°65%). 
solid ; 3-A cetamidoquinoline-2-aldehyde.—3-Acetamtdoquinaldine -28 g.), freshly prepared selenium dioxide (1-28 g.), 
ound Htioxan (20 c.c.), and water (1 c.c.) were refluxed together for 1} hours; the resulting solution was evaporated to dryness 

the water-bath, under reduced pressure, the residue extracted with hot benzene (charcoal), the extract concentrated 

take: Band allowed to cool. The resulting solid (1 g., m. p. 167—171°), on recrystallisation from benzene, afforded the aldehyde 
roxide Bas pale yellow prisms, m. p. 171° (Found: C, 67°5; H, 5:1. C,,H,,O,N, requires C, 67-30; H, 4:-7%). The phenyl- 
vazone, obtained by heating the aldehyde with phenylhydrazine.in-dilute acetic acid, crystallised from alcohol as 

m. Pipale yellow needles, m. p. 241—242° (Found: C, 72-0; H, 5-0. C,,H,,ON, requires C, 72-1; H, 5-05%). The oxime, 
Mepared by refluxing the aldehyde with hydroxylamine hydrochloride and calcium carbonate in alcohol—water, dis- 
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tilling off the alcohol, adding water to the residue, and collecting the resulting solid, separated from alcohol as cology. 
less crystals, m. p. 215° (Found: C, 62:3; H, 4:4. C,,H,,O,N; requires C, 62-9; H, 48%). 
Di-(3-quinolyl)-urea.—3-Aminoquinoline hydrochloride (0-57 g.) and urea (0-3 g.) were refluxed together in wate 
(7 c.c.) for 7 hours, the mixture allowed to cool, and the resulting solid (0-3 g.) collected. The product, after r 
lisation from alcohol (in which it is sparingly soluble) or from pyridine (in which it is readily soluble), had m, p. 296° 
(Found: C, 72:25; H, 4:8; N, 17-6. C,gH,,ON, requires C, 72-6; H, 4:5; N, 17-8%). When this base (0-2 g.) was 
heated with methyl p-toluenesulphonate (0-25 g.) for 2 hours at 160°, the product extracted with methanol, precipitated 
with ether, and crystallised from methanol—acetone, the di-(metho-p-toluenesulphonate) was obtained as pale yellow 
prisms, m. p. 250—255° (decomp.) (Found: C, 61-1; H, 4:85. C,,H,,0,N,S, requires C, 61-2; H, 485%). 
Di-(3-quinaldyl)-urea.—The following was found to be a convenient modification of the method of Stark and Hog. 
mann (loc. cit.). 3-Aminoquinaldine (2 g.) was dissolved in alcohol-free chloroform (25 c.c.), and a solution of Phosgene 
(0-5 mol.) in xylene added. After standing for 2 days at room temperature, the product was separated, washed with 
chloroform, dried on the water-bath, warmed with dilute sodium hydroxide solution, separated, washed with water 
and dried, giving 2 g., m. p. ca. 280°. 
3-p-Toluenesulphonmethylamidoquinaldine.—3-Aminoquinaldine (2-12 g.) and -toluenesulphonyl chloride (2-6 g. 
were dissolved by warming in acetone (15 c.c.) and pyridine (4 c.c.) added to the warm solution. After standing for 
24 hours at room temperature, the mixture was filtered, the acetone distilled off from the filtrate, water added to the 
residue; the resulting gum, on stirring, quickly solidified (3-15 g., m. p. 191—198°). This, on recrystallisatiog 
from alcohol gave 3-p-toluenesulphonamidoquinaldine as colourless_prisms, m. p. 202—203° (Found: C, 65-9; H, §7, 
C,,H,,0,N,S requires. G; 65°45 H, 5-456%).-Phe latter (3-1 g., m. p. 191—198°) was dissolved in a mixture of 2n-sodium 
hydroxide solution (5 c.c.) and water (10 c.c.), and shaken for 44 hours with dimethyl] sulphate (0-9 c.c.). The resulti 
precipitate (2-85 g., m. p. 116—118°) was recrystallised from alcohol, giving 3-p-toluenesulphonmethylamidoquinalding 
as colourless prisms, m. p. 127° (Found: C, 66-2; H, 5-5. C,,H,,0,N,S requires C, 66-25; H, 5-5%). 
3-Mesitylenesulphonmethylamidoquinaldine —A solution of 3-aminoquinaldine (1-6 g.) and mesitylenesulphony| 
chloride (2-5 g.) in acetone (40 c.c.) and pyridine (15 c.c.) was refluxed (water-bath) for 24 hours, the acetone distilled 
off, and the product (1-2 g.) precipitated with water. This 3-mesitylenesulphonamidoquinaldine separated from glo 
as colourless leaflets, which changed to a white powder on drying, m. p. 178° (Féund: C, 67:35; H, 5-9. CH yon 
requires C, 67-05; H, 5-9%). Methylation of this material (1 g.) with dimethyl sulphate (0-4 g.) and dilute /sodium 
hydroxide solution gave 3-mesitylenesulphonmethylamidoquinaldine (0-8 g.), which separated from alcohol—water as 
colourless plates, m. p. 148—149° (Found: C, 67-9; H, 6-1. CyoH,gO,N,S requires C, 67-75; H, 6-2%). By hydrolysis 
of this with sulphuric acid (50%) for 5 hours at 130°, followed by steam-distillation, basification and extraction with 


ether an oil was obtained, from which a very small amount of a compound, separating from benzene-ligroin as colourless 
prisms, m. p. 71°, was isolated. 


We thank Imperial Chemical Industries Limited (Dyestuffs Division) for a gift of chemicals and for carrying out 
the biological tests. 
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230. The Bromination of 4: 4'-Diamidino-«y-diphenoxypropane and of 
4: 4’-Diamidino-stilbene. ; 
By ALAN J. HENRY. 


Bromination of 4 : 4’-diamidino-ay-diphenoxypropane (propamidine, I) in aqueous solution involves sub- 
stitution in the benzene rings, whereas bromination of trans-4 : 4’-diamidinostilbene (stilbamidine, II) consists 
of rapid quantitative addition at the ethylenic linkage. Both (I) and (II), and their bromination products, can 
form complexes with free bromine and iodine. The bromination of trans-(II) is reversible while that of cis-(II) 
is irreversible. Compound cis-(II) has no fluorescence in the visible spectrum. 


A stupy of the bromination of these compounds was undertaken primarily to devise a satisfactory procedure 
for studying the kinetics of the photochemical decomposition of trans-(II) in aqueous solution; preliminary 
experiments had indicated that bromination of an irradiated solution before and after precipitation of trans-(I]) 
as the sulphate, which has a low solubility in water, would afford a ready means of following the progress of the 
reaction. 

At 35° the bromination of (I) in dilute solution with a 50% excess of bromine proceeds smoothly with entry 
of two bromine atoms into the benzene rings. Under these conditions there is usually some separation of 
bright orange-yellow needles towards the end of the reaction. At 25° or with higher concentrations, this 
separation of crystals is much more pronounced. These crystals consist of a tetrabromo-complex of the 
hydrobromide of brominated (I) and, in solution, the additional bromine is readily available for oxidation 
purposes (e.g., neutral potassium iodide). The tetrabromo-complex loses two atoms of bromine on being 
warmed, reverting to a dibromo-complex which is stable at 100° in absence of moisture; it readily loses its 
remaining active bromine at 200°. Both complexes have a strong odour of bromine and, on exposure to a moist 
atmosphere, the active bromine is ultimately lost leaving dibromopropamidine hydrobromide (III). The form- 
ation of the complex involves no liberation of acid, and is therefore simply an addition process. 

There is evidence that all the amidines which have been encountered can form similar complexes with 
bromine and iodine. If the concentration of either (I) or free bromine is sufficiently high or the temperature 
sufficiently low, (I) produces an immediate orange-yellow precipitate of the bromo-complex of the unbromia- 
ated molecule which seriously interferes with the normal bromination process. This precipitate dissolves 
on being heated and, later, on allowing the solution’ to cool, a complex of (III) crystallises. On addition of 
excess of bromine in potassium bromide to a 1% solution of trans-(II) an immediate orange-yellow precipitate 
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is formed if the temperature is fairly low. Since this precipitate redissolves on shaking it is presumably a 
promo-complex of unbrominated tvans-(II). 

Following the course of the bromination of (I) or the estimation of trans-(II) and the products of its photo- 
chemical decomposition necessitates addition of potassium iodide to react with the excess of bromine’ present 
in the reaction system. If concentrations and reaction temperature have been suitably chosen there is no solid 
bromo-complex present in the solution. On addition of the potassium iodide reddish-brown flocculent pre- 
cipitates are formed unless the concentrations are very low. These precipitates gradually dissolve as the 
titration of the iodine with thiosulphate proceeds but, sometimes, they become crystalline or gummy; in 
either case they redissolve only with difficulty. After all free iodine in solution has been reduced further shaking 
results in return of the brown colour of the iodine. In these cases alternate shaking and titration of the iodine 
must be continued until there is no more solid in suspension before addition of starch and the completion of the 
titration, This process can be very troublesome, and for quantitative work, particularly when estimating 
trans-(II), conditions should be chosen so as to minimise the effect. Iodine in potassium iodide has no direct 
action on the ethylenic linkage of trans-(II), but a tetraiodo-complex rapidly precipitates. 

There is another source of error in the estimation of trvans-(II). Even when all traces of undissolved iodo- 
complex have disappeared and the titration has been carried to its end-point with starch and thiosulphate 
there is invariably a rapid and persistent return of the blue colour, due to slow liberation of bromine and 
reversion to the original trans-(II). In contrast a stable end-point is obtained with (I) in spite of the acidity 
developed during the bromination. In solution, in presence of potassium iodide, the liberated bromine is re- 
moved as fast as it is formed and debromination can proceed to a significant extent. The first end-point reached 
in the titration immediately after all traces of solid iodo-complex have disappeared must therefore be taken as 
the correct end-point. As the liberation of bromine is proceeding at the same time as the iodo-complex is dis- 
solving the importance of using only a small excess for the broémination will be appreciated. The rate of 
} debromination is reduced by lowering the temperature; this, however, aggravates the difficulties due to 
precipitation of the complex on account of its reduced solubility. 

The reversibility of the bromination of trans-(II) has been confirmed by demonstrating (by application 
of the method of spotting-out on filter-paper, Henry and Grindley, Ann. Trop. Med. Parasitol., 1942, 36, 102; 
1945, 39, 1) that, after removal of excess of bromine by a current of air, trans-(II) slowly appears in the solution. 
The trans-(II) produced in presence of potassium iodide has been isolated via the tetraiodo-complex. The 
reverse reaction takes place in the dark; it appears to be uninfluenced by exposure to direct sunlight, except 
that any trvans-(II) previously produced is partially converted into cis-(II). Compound trans-(II).may not be the 
only reaction product, and the possibility of condensation to form a cyclobutane derivative cannot be ignored. 
It is not yet known whether the dibromo-derivative viz., «-dibromo-«§-(4 : 4’-diamidinophenyl)-ethane 
(IV), is the racemic or the meso form. 

It was considered that debromination of (IV), which would probably take place in presence of body fluid 
and tissue as readily as in presence of potassium iodide, might hawe important pharmacological use. Compound 
trans-(II) is highly trypanocidal in vitro, and has a strong curative action in the early stages of trypanosomiasis ; 
it is, however, ineffective in the late stages of the disease owing to its inability to penetrate the blood-brain 
barrier (Lourie, Trans. Faraday Soc., 1943, 39, 340). Compound (IV) is less strongly adsorbed by filter-paper 
than is tvans-(II). If it is also less strongly adsorbed by body tissue it might be capable of penetrating the 
blood-brain barrier in significant amount, subsequently undergoing loss of bromine to give trans-(II) which 
should then be capable of exerting an action upon the parasites in the nervous system. Should this occur it 
would be closely parallel, in effect, to the behaviour of tryparsamide. The toxicity to mice of (IV) is, however, 
approximately twice as great, on a molecular basis, as that of tvams-(II) which might preclude its successful 
use in the manner indicated. 

The only specimens of cis-(II) which have been ‘available are those recovered from irradiated solutions of 
trans-(II), and have not been entirely free from unchanged trans-(II). Brominated cis-(II) appears to show no 
tendency to revert to the parent compound, a small amount of the ¢vans-compound which slowly made its 
appearance being attributed to debromination of a little trans-(II) present as an impurity in the original pre- 
paration. During bromometric estimations of cis-(II), produced by irradiation, no persistent return of the blue 
colour, similar to that found in the estimation of trans-(II), has been observed. 

Recent experiments leave no doubt that cis-trans isomerisation is one of the photochemical changes which 
trans-(II) undergoes in solution, and that equilibrium is established between the two forms. There is also no 
reasonable doubt that: cis-(II) has no fluorescence of its own in the visible spectrum, the fluorescence which 
tapidly appears in a solution of the cis-compound, on exposure to ultraviolet light (Barber, Slack, and Wien, 
Nature, 1943, 151, 107; R. Slack, Private Communication), being attributed to the é#rans-compound produced 
by the action of the light. This phenomenon is spectacularly evident on spotting-out a solution of cis-(IT) 
on filter-paper, allowing it to dry and exposing it to ultra-violet light. A small amount of trans-(IT) present 
in the solution of the cis-compound is readily detected by the central annulus of typical évans-(II) fluorescence 
which shows up immediately on exposure to ultra-violet light, and can be estimated by comparison with standard 
spots provided this is done at once, before the fluorescence resulting from the presence of the cis-compound 
begins tointerfere. On first exposure the zone outside the fluorescent tvans-(II) annulus is devoid of fluorescence, 
but with exposure fluorescence steadily develops in this area to an extent and intensity depending upon the 
concentration of cis-(II) in the solution, and can completely mask the original fluorescence due to the tvams-(II). 
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The hydrochloride of cis-(II) has a very indefinite melting point; on melting it is partly converted into 
trans-(II). 


EXPERIMENTAL. 


Maiterials.—The materials available were the isethionate of (I) and the hydrochloride and isethionate of trans-(I]) 
The isethionates can be converted to the hydrochlorides by addition of concentrated hydrochloric acid and recrystallis. 
ation from water. The hydrochloride of (1) had m. p. 281—283°, and érans-(II) hydrochloride had no m. p. up to 39 
(Ashley e# al., J., 1942, 103, gave 292° and 300° respectively). In both cases N and Cl’ contents were slightly low ow; 
probably, to slight hydrolysis having occurred. Solutions of trans-(II) have a definite yellow colour, uninfluenced by 
repeated crystallisation. 

Hydrolysis of the amidine groups can occur in suitable circumstances in the case of trans-(II), but hydrolysis to g 

small extent would have little effect upon the course of the bromination. The first hydrolysis product of trans-(I]) 
4-amido-4’-amidinostilbene monohydrochloride dihydrate (Henry, Nature, 1943, 152, 690), brominates quantitatively anj 
also forms complexes with bromine and iodine. It deposits as well-formed needles from 1% solutions of trans-(I]) 
hydrochloride left standing for some months, has m. p. 320° (Found: N, 12*5; Cl’, 10-4; Br absorption, 470 mg. 
1 g.; loss at 110°, 10-3. C,¢H,;ON;,HCI,2H,O requires N, 12-5; Cl’, 10-5; Br absorption, 473 mg. per 1 g.; HO 
10-7%), and forms a nitrate of low solubility, m. p. 291°. From the low solubility in water, the close similarity of its 
fluorescence and adsorption properties to those of trans-(II) (Henry and Grindley, loc. cit.) and the fact that it can be 
formed from the latter in the dark there can be no doubt that the compound examined was the tvans-modification. 

Bromination Apparatus and Procedure (see Henry, Analyst, 1945, '70, 259). 

Bromination Results.—(a) 4: 4’-Diamidino-ay-diphenoxypropane. At 36° in 0-005m solution with a 50% excess of 
bromine over that required for formation of the dibromo-derivative the reaction was virtually complete in 12—16 hours, 
After this stage a further slow bromine reduction above four atoms per mol. continued owing, probably, to further slow 
substitution occurring. 

(b) trans-4 : 4’-Diamidinostilbene. Exposure of the solution to daylight prior to the addition of the bromine mus 
be avoided as ultra-violet light produces changes which result in reduction of bromine-absorbing capacity. In addition, 
concentrations, temperature and amount of excess bromine must be such that there is no interference due to the form. 
ation of complexes or to the reversal of bromination. Under favourable conditions and with correct attention to the 
above points, the bromine absorption of tvans-(II) hydrochloride dihydrate was invariably within 1% of theoretical 





(428 mg. per 1g.). Duplicate estimations on 10 c.c. of a 1% solution were 427, 429 mg. per 1g. The bromine absorption 
of the isethionate, dried at 110°, was 312 mg. per 1 g. (calc.: 310 mg.). With both hydrochloride and isethionate the 
same absorption was obtained after 30 minutes’ contact with the bromine as after 3 minutes’ contact, showing no 
detectable bromination of the benzene rings during the contact period. 

Tetrabromo-complex of Dibromopropamidine Hydrobromide (V).—On addition of 0-05n-bromine in 2% potassium 
bromide (1200 c.c.) to (I)-isethionate (5 g.) in water (500 c.c.) an immediate? bulky, brownish-yellow precipitate of the 
bromo-complex of the hydrobromide of unbrominated (I) was produced, which could not be redissolved by shaking for 
three hours or by addition of more water (500 c.c.) and further shaking. The precipitate was dissolved by heating to 
65—70°, the solution maintained hot for 6—8 hours to ensure completion of bromination and more bromine (1°5 c.c) 
added to replace loss. On allowing to cool, a heavy crop of bright orange-yellow needles formed (yield of air-dry 
material, 88%) (Found: N, 5-6; active Br, 32-1. C,,H,,0,N,Br,,2HBr,4Br requires N, 5-9; active Br, 33-6%). It 
is probable that the compound is anhydrous, but this was difficult to establish owing to the difficulty of drying without 
loss of bromine. On exposure to a warm, humid atmosphere bromine was steadily lost until, after 7 days, all traces of 
bromo-complex had disappeared and a colourless, anhydrous residue of (III) remained (Found: N, 9-0; Br’, 2449. 
C,;H,,0,N,Br,,2HBr requires N, 8-9; Br’, 25-7%). 

On heating (V) at 110° in a small bulb provided with a long stem, to minimise access of air, bromine was expelled until 
the residue was of constant weight corresponding to the dibromo-complex (2 hours, 16-7% loss; 3 hours, 17-1%; 18 hours, 
17-4%. Loss of 2Br from (V) requires 16-8%). Subsequent heating for 14 hours at 150° resulted in a further loss of 
0-2%, but at 200° rapid loss of bromine occurred. The product having constant weight obtained at 110° (64 hours) lost 
19-5% on exposure to moist air at atmospheric temperature (C,,H,,0,N,Br,,2HBr,2Br requires 20-2% loss). 

The hydrochloride of (III), produced by precipitation from solution with conc. hydrochloric acid and recrystallisation 
from acidified water, had m. p. 288° (Found: N, 9-7; Cl’, 13-2. C,,H,,0,N,Br,,2HCl requires N, 10-3; Cl’, 13:1%). 
After prolonged hydrolysis with alcoholic sodium hydroxide ionisable halogen was still 13-1%, showing no hydrolysis 
of bromine and that substitution was in the benzene rings. 

In order to show that no liberation of acid accompanies formation of the bromo-complex, and in consequence that mo 
substitution of hydrogen occurs (e.g., the imino-hydrogen atoms) the hydrochloride of (III) was made the starting point 
so as to minimise the effect of acidity resulting from the normal bromination. The theoretical quantity of bromine 
potassium bromide to produce (V) was added (yield 90%; active Br, 31%), the complex separated and the filtrate 
debrominated by a stream of air. The acidity was the same as in the blank. 

Tetraiodo-complex of trans-(I1) Hydriodide.—Dropwise addition with constant shaking of 0-1N-iodine in potassium 
iodide to dilute solutions of trans-(II) hydrochloride at 60° precipitated the tetraiodo-complex of trans-(I1) hydriodide a 
dark-brown, microscopic needles, irrespective of the proportion .of iodine to trans-(II) used. The theoretical proportion 
of iodine produced nearly quantitative precipitation of trans-(II) as the iodo-complex. The filtrates from the pre 
cipitates, after removal of any free iodine, were neutral. The separated complex dissolved only very slowly on shaking 
with potassium iodide solution, and direct estimation of active iodine in this way was not satisfactory. It was moderately 
stable at 110° (loss 1% per hour) but, at 200°, the active iodine was fairly rapidly expelled leaving a nearly colourless 
residue having constant weight (Found: Loss, 48:7. C,,H,,.N,,2HI,4I requires 49-4%). 

Reversibility of Bromination of trans-(II).—(a) The i f trans-(II) (1% solution) was brominated, in arti 
ficial light, by addition of a slight excess of strong, freshly prepared bromine water, each drop of which produced 4 
yellow precipitate which dissolved on stirring. The excess of bromine was quickly removed by passing a stream of aif 
for five minutes, the solution was then spotted-out on filter-paper, again aerated for two hours and again spotted-out 
Thereafter it was left to stand at 35° in the dark and was spotted-out at intervals. . 

(b) The hydrochloride of cis-(II) containing 2-5% of trans-(II) as determined by the spotting-out test, was brominated 
under the same conditions as in (2). Again, each drop of bromine water produced a yellow precipitate which dissolved 
on stirring. The excess of bromine was removed as above, and the solution spotted-out at similar intervals. 

(c) The hydrochloride of trans-(II) (0-077 g.), brominated by the normal analytical procedure, absorbed bromift 
equivalent to 22-23 c.c. of 0-01854N-Na,S,0,. At this stage, the solution (ca. 100 c.c.) contained, in addition to (IV), 
potassium bromide and iodide, sodium tetrathionate and starch. It was left to stand at 35°, the liberated iodine titrated 
with the same thiosulphate solution at frequent intervals and the decolorised solution spotted-out as above. 

It was found, in the case of these spots, that a second zone of fluorescence developed rapidly in the dark outside 
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the trans-(I1) annulus. This effect was not due to cis-(II), as cis-(II) gives spots which are stable in the dark for at least 
twelve hours and do not develop fluorescence until exposed to ultra-violet light. In order to avoid interference by this 
outer zone fluorescence in the comparison of the trans-(II) annulus with the standards it was necessary either to make 
the comparison immediately after the spot had dried, or to wash the spot radially immediately after preparation, by 
the technique developed by Henry and Grindley (loc. cit.). The latter procedure is preferable, as a stable preparation 
sesults. This effect was hardly detectable in Expts. (a) and (b) and did not interfere with the estimation of the trans-(II) 
uced. 
ti Brominated solutions of tvans-(II) (ca. 1%), plus 10% potassium iodide solution, heated on a water bath, rapidly 
liberated free iodine, and, after about four hours, a considerable crop of crystals of the tetraiodo-complex of trans-(II) 
hydriodide had formed in the hot solution. 
In Expt. (a) trans-(II) appeared in the solution at a constant rate of 2-0 mg. per 100 c.c. per day, while in Expt. (b) 
its rate of appearance was only 0-2 mg. per 100c.c. perday. The results of Expt. (c) are given in the table. In no case 
was fluorescence due to cis-(II) detected. 


Proportion Concn. of trans-(II) (mg./100 c.c.). 








Time. Extra of (IV) Z 
Na,S,O, re- debrominated (i) From (ii) From extra 

Hrs. Mins. quired (c.c.). (%). fluorescence. Na,S,O, required. 
— 5 0-15 0-7 0-5 0-5 

— 35 1-15 5-1 3 3°7 

1 40 2-70 12-1 —- 8-9 

2 5 3°25 14°6 10 10-6 

5 —_— 5-50 24-7 17 18-0 

5 25 5°75 25-7 20 18-8 


Conversion of cis-(II) to trans-(II) on melting. With 0-0013 g. of cis-(II), containing 2-5% of tvans-(II), in the m. p. 
tube, melting commenced at 239° but was not complete until 267°. The lower portion of the tube was then ground with 
water (2°6 c.c.) to give a solution containing the equivalent of 50 mg. per 100 c.c. of the original cis-(II) and the solution 
spotted-out on filter paper. The trans-(II) concentration was estimated, from the fluorescence, to be 15—20 mg. per 
100 c.c., representing 30—40% of the original cis-(II). The typical fluorescence, due to the presence of cis-(II), rapidly 
developed in the outer zone of the spot during exposure to ultra-violet light. 


The author is indebted to Messrs. May and Baker Ltd. for a gift of propamidine and for information contained in 
ivate communications. He is also indebted to Mr. D. N. Grindley and to all Sudanese members of the staff of these 
Rerstories for much technical assistance. He also expresses his thanks to Dr. E. S. Horgan for carrying out toxicity 


tests and to the Director, Sudan Medical Service, for permission to publish this paper. 


WELLCOME CHEMICAL LABORATORIES, SUDAN MEDICAL SERVICE, KHARTOUM. [Received, July 20th, 1945.] 





231. Esters Containing Phosphorus. Part II. 
By H. G. Coox, H. McComsBigE and B, C, SAUNDERs. 


Several more alcohols have been converted into the dialkyl hydrogen phosphites and thence into the corre- 
sponding chlorophosphonates by the method described in Part I (this vol., p. 380). In particular, ethyl lactate 
can be converted into di-(l-carbethoxyethyl) chlorophosphonate by this method. Di-(l-carbethoxyethyl) anilino- 
phosphonate is readily prepared from the chlorophosphonate. 


In Part I (this vol., p. 380) a convenient method for obtaining diethoxyphosphoryl chlorides (dialkyl chloro- 
phosphonates) by the direct chlorination of dialkyl hydrogen phosphites was described. The method proves 
to be general for alkyl compounds and an account is now given of the conversion into the corresponding dialkyl 
phosphoryl chlorides (dialkyl chlorophosphonates) of the following alcohols: isobutyl, 3-methyl-n-butyl, 
1: 3-dimethyl-n-butyl, l-ethyl-n-propyl. Ethyl lactate also readily responds to the standard treatment 
giving di-(1-carbethoxyethyl) hydrogen phosphite (I), on the addition of phosphorus trichloride in the absence 
ofa tertiary base. This hydrogen phosphite then gives di-(l-carbethoxyethyl) phosphoryl chloride (III) on 
chlorination. (I) probably reacts as the tautomeric phosphonate (II) during chlorination, 


1 
3EtO,C-CHMe-OH 7° (Et0,C-CHMe0),P “S EtO,CC-HCI-Me + (EtO,C-CHMe-O),P-OH 


(I.) 
PhNH, { 
(EtO,C-CHMe-0),(PhNH)P:0 <— (EtO,C-CHMe-0),CIP:0 £*. (EtO,C-CHMe-O),HP:0. 


(IV.) (III.) (II.) 


The compound (III) was further characterised by the formation of the crystalline di-(l1-carbethoxyethy]l) 
ailinophosphonate (IV) on treatment with aniline. 

Although 1 : 3-dichlorohydrin did not give analytically pure di-(1 : 3-dichloroisopropyl) hydrogen phosphite 
because of a tendency to decompose on distillation, the crude hydrogen phosphite was readily converted into 
the chlorophosphonate, which again showed a tendency to decompose. The di-(1 : 3-dichloroisopropyl) 
milinophosphonate obtained from the chlorophosphonate was, however, stable and could be obtained in an 
malytically pure condition (cf. Atherton, Openshaw and Todd, this vol., p. 382, who showed that the unstable 





\ibenzyl hydrogen phosphite could be converted through the unstable chlorophosphonate into the stable 


minophosphonate). 
3N 
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EXPERIMENTAL. 


Di-(1 : 3-dimethyl-n-butyl) Hydrogen Phosphite.—Phosphorus trichloride (27-5 g., 0-2 mol.) in carbon tetrachloride 
(10 c.c.) was added slowly to 1: ype ne ge via alcohol (61-2 g., 0-6 mol.) also dissolved in carbon tetrachloride 
(60 c.c.). Air was drawn through the mixture for 2 hours and the temperature meanwhile slowly raised to 85°, A 
all the hydrogen chloride and carbon tetrachloride had been removed, the reaction mixture gave, on distillation, a fraction 
(44-5 g., 89%) of b. p. 81°/0-2 mm. (Found : C, 56-8; H, 10-4. C,,H,,O;P requires C, 57-6; H, 10-8%). 

The reaction was also carried out in ethereal solution, the hydrogen chloride being removed by passing ammonia 
through the reaction product, and separating the precipitated ammonium chloride by filtration; yield 90%. 

Di-(1 : 3-dimethyl-n-butyl) Chlorophosphonate.—The hydrogen phosphite (25 g.) was cooled in ice, and a stream of 
chlorine was passed through the liquid until a faint permanent green coloration was produced. Air was drawn through 
the liquid to remove the excess of chlorine and most of the hydrogen chloride. The last traces of hydrogen chloride 
were eliminated by the addition of lead carbonate and filtration through a layer of kieselguhr. The resulting liquid wag 
dried over sodium sulphate, and on distillation gave a fraction (13 g., 46%) having b. p. 72°5—73-5°/0-01 mm. (Found: 
Cl, 12-6. C,,.H,,0,CIP ~~ Cl, 12-5%). 

Di-(1-carbethoxyethyl) Hydrogen Phosphite.—This was prepared as above from ethyl lactate (70-8 g., 0-6 mol), 
dissolved in carbon tetrachloride (70 c.c.), and phosphorus trichloride (27-5 g., 0-2 mol.) also in carbon tetrachloride 
(10 c.c.). After working up in the usual way two fractions were obtained. (i) Ethyl 1-chloropropionate, b. p. 52~ 
54°/18 mm. (21 g., 79%); this was redistilled at 145°/760 mm. (ii) ag ong ge hydrogen phosphite, b. p, 
135°/0-2 mm. (31 g., 55%) (Found: C, 43-2; H, 6-81. C,,H,,O,P requires C, 42-6; H, 674%). 

When the reaction was carried out in ethereal solution, and the hydrogen chloride removed by ammonia, the yield of 
the hydrogen phosphite was 86%. 

Di-(1-carbethoxyethyl) Chlorophosphonate.—The hydrogen phosphite (80 g.) was cooled in ice, and dry chlorine 
passed through the liquid until a faint permanent green coloration was produced. The excess of chlorine and hydrogen 
chloride were removed sufficiently by drawing air through the product. After drying over sodium sulphate, the liquid 
was distilled and had b. p. 120°/0-02 mm. (72 g., 80%) (Found: Cl, 11:36. C,)9H,,0,Cl requires Cl, 11-24%). 

Di-(1-carbethoxyethyl) Anilinophosphonate.—The chlorophosphonate (10 g.) was added to aniline (5-87 g.) cooled 
in ice. Heat was evolved and the reaction mixture solidified. The solid was extracted with boiling benzene, the solution 
evaporated and the residual syrup then crystallised on standing. It was recrystallised from alcohol—water (1 : 3) and 
obtained in long white needles, m. p. 91° (Found: N, 3-98. C,,H,,0O,NP requires N, 3-75%). 

Di-(1-ethyl-n-propyl) Hydrogen Phosphite-—This was prepared in the usual way from 1-ethylpropyl alcohol (i.e, 
sec.-amyl alcohol, 52-8 g., 0-6 mol.) in carbon tetrachloride (53 c.c.) and phosphorus trichloride (27-5 g., 0-2 mol.) in 
carbon tetrachloride (10c.c.). The fraction (33 g., 75%) had b. p. 72°/0-2 mm. (Found: C, 54-04; H, 10-42. C,,H,,0,P 
requires C, 54:05; H, 10-36%). 

Di-(1-ethyl-n-propyl) Chlorophosphonate.—This was prepared from the corresponding hydrogen phosphite and obtained 
in 63-5% yield. It had b. p. 73-5°/0-1 mm. (Found: Cl, 13-98. C,)H,,0,CIP requires Cl, 13-84%). 

Di-(3-methyl-n-butyl) Hydrogen Phosphite.—Prepared in the usual manner from 3-methyl-n-butyl alcohol (isoamyl 
alcohol). Yield 85%, b. p. 75°/0:15 mm. (Found: C, 53-5; H, 10-2. C,9H,;0,P requires C, 54:05; H, 10-36%). 

Di-(3-methyl-n-butyl) chlorophosphonate, prepared in 49% yield from the above hydrogen phosphite, had 
b. p. 74°/0-02 mm. (Found: Cl, 13-86. C, 9H,,O;CIP requires Cl, 13-84%). 

Di-isobutyl hydrogen phosphite, obtained in 90% yield by the usual procedure, had b. p. 105-6—106-5°/12 mm. (Found: 
C, 49-76; H, 9-92. C,H,,0;P requires C, 49-5; H, 9-8%). 

Di-isobutyl chlorophosphonate was prepared in theoretical yield from the hydrogen phosphite. It had b. p. 57°/0-1 mm. 
(Found: Cl; 15-8. Cy, 9H,,0,CIP requires Cl, 15-54%). By the action of aniline this chlorophosphonate was converted 
into di-isobutyl anilinophosphonate. When recrystallised from methanol, it was obtained in short colourless needles, 
m. p. 43-5—45° (Found: C, 58-75; H, 8-62; N, 5-06. C,,H,,O,NP requires C, 58-95; H, 8-42; N, 4:91%). 

Di-(1 : 3-dichloroisopropyl) anilinophosphonate.—Phosphorus trichloride (13-75 g.) was added to mechanically stirred 
1 : 3-dichlorohydrin (38-7 g.) kept at below 3° by addition of solid carbon dioxide. Alternatively, the reaction was 
carried out in carbon tetrachloride solution. Air was drawn through the mixture to remove hydrogen chloride and the 
residue was fractionated. The hydrogen phosphite had b. p. ca. 180°/2 mm., but it was advisable to omit the distillation 
owing to incipient decomposition. The undistilled hydrogen phosphite prepared from dichlorohydrin (155 g.) and phos- 

horus trichloride (55 g.) was chlorinated in the usual way and air drawn through the mixture and then distilled. It had 
. p. 182—186°/2 mm., with a marked tendency to decompose (69 g., 50%). 

The chlorophosphonate was added to aniline (2 mol.). A vigorous reaction took place and the mixture became almost 
solid. After filtration, the solid was extracted with boiling benzene, and the cold benzene solution run through a column 
of alumina. The benzene was removed and the solidified anilinophosphonaie, recrystallised from aqueous acetic acid, 
was obtained in small colourless needles, m. p. 81° (Found: C, 36-66; H, 4:06; N,3-7. C,,.H,,O,;NCI1,P requires C, 36-46; 
H, 4-05;, N, 3-54%). 


We are grateful to the Director General of Scientific Research Development for permission to publish this work. 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, August 20th, 1945.] 





232. Carbohydrate Phosphoric Esters. Part I. The Alkaline Hydrolysis of « 
Methylglucopyranoside-6-phosphate, Methylglucofuranoside-3-phosphates and iso- 
Propylidene Glucofuranose-3- and -6-phosphates. 

By E. E. Percivat and E. G. V. PErRcIvaAL.’ 
The alkaline hydrolysis of barium a-methylglucopyranoside-6-phosphate, barium methylglucofuranoside- 


3-phosphates and barium isopropylidene glucose-3- and -6-phosphates has been studied and in no case was 
any evidence found of Walden inversion or anhydride formation. 


ALTHOUGH Robinson (Nature, 1927, 120, 44, 656) made the attractive suggestion that the hydrolysis of phos 
phoric esters with accompanying Walden inversion might account for the production in nature of d-galactose 
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and d-ribose from glucose-4-phosphate and xylose-3-phosphate respectively, no evidence for Walden inversions 
in the hydrolysis of sugar phosphates has been recorded (Gardner, J. Org. Chem,, 1943, 8, 111; Raymond, 
“Organic Chemistry,’’ Gilman, New York, 1938, 1480). 

In all eases where Walden inversions occur with sugar derivatives with the exception of compounds sub- 
stituted on the potential reducing groups, the intermediate formation of a ring system such as the ethylene 
oxide ring is necessary, as in the hydrolysis of appropriately substituted toluene-p-sulphonates (Peat, Annual 
Rep., 1939, 258). From experiments on the alkaline hydrolysis of carbohydrate sulphates it would appear that 
Walden inversions do not take place and ethylene oxide rings are not formed, although 3 : 6-anhydrides were 
isolated by the alkaline hydrolysis of the methylglycopyranosides of barium glucose-, galactose-, and mannose- 
¢sulphates, methylglucofuranoside-3- and -6-sulphates and 1 : 2-monoacetone glucofuranose-6-sulphate (Duff 
and Percival, J., 1941, 830; Percival, this vol., p. 119). Inthe experiments here described, however, no evidence 
for the formation of anhydro rings of any kind or of Walden inversions could be found when phosphoric esters 
of certain glucose derivatives were hydrolysed with alkali. Furthermore the phosphate residues were re- 
moved with greater difficulty than for the corresponding sulphates. The results may be summarised thus : 
(1) barium a-methylglucopyranoside-6-phosphate gave a-methylglucopyranoside (47%) after hydrolysis for 
72 hours with N-barium hydroxide solution at 100°; (2) barium methylglucofuranoside-3-phosphates («$-mix- 
ture) gave methylglucofuranosides (52%); (3) barium 1: 2-monoacetone glucofuranose-3-phosphate gave 
1:2-monoacetone glucofuranose (11%); (4) barium 1: 2-monoacetone glucofuranose-6-phosphate the same 
product (22%). Substantial amounts of the unchanged starting materials were recovered from experiments 
(3) and (4). The product obtained from (2), when hydrolysed with dilute acid, gave crystalline a-d-glucose 
together with a syrup, but from this latter on osazone formation glucosazone was the only substance isolated. 
Asyrup also accompanied the monoacetone glucofuranose obtained in (4) ; in this case also, glucosazone was the 
only product identified after hydrolysis and osazone formation. No 3: 6-anhydroglucosazone was found 
although the detection of this substance has been simplified by the discovery that 3 : 6-anhydroglucosazone 
acetate is more readily crystallisable than the parent osazone. 

It should be pointed out that Seebeck, Meyer, and Reichstein (Helv. Chim. Acta, 1944, 27, 1142) have thrown 
doubt on the conclusions of Ohle and von Vargha (Ber., 1929, 62, 2435) that /-idose can be obtained from 
|; 2-isopropylidene-5 : 6-anhydroglucose, since this latter substance is readily converted into the corresponding 
3:6-anhydride. If this is the case, the possibility that the alkaline hydrolysis of the methylglucofuranoside-6- 
sulphates and the 1 : 2-isopropylidene glucofuranose-6-sulphate (Percival, loc. cit.) might take place via the 
5: 6-anhydride cannot be ignored although the failure to isolate /-sorbosazone was held to discount this possi- 
bility. Owing to the fact that no 3: 6-anhydroglucosazone was isolated in the present investigation this 
difficulty does not arise here. 

In conclusion, reference may be made to the isolation by Levene and Raymond (J. Biol. Chem., 1929, 83, 
619) of an anhydrohexosazone, in unspecified yield, from barium glucose-3-phosphate prepared by the acid 
hydrolysis of diacetone glucose-3-phosphate ; despite several attempts we have been unable to repeat this work. 
The reported properties of the anhydro-osazone in question, however, are not inconsistent with the fact that 
it might have been the anhydroglucosazone isolated by Diels and Meyer (Annalen, 1935, 519, 157) on heating 
glucosazone in alcohol with a trace of sulphuric acid, and it may be noted that before treatment with phenyl- 
hydrazine and acetic acid, Levene and Raymond removed barium from their salt with this reagent. Although - 
Diels and Meyer (loc. cit.) claimed their anhydroglucosazone to be identical with 3 : 6-anhydroglucosazone it is 
now known (Percival, this vol., p. 783) that this is certainly not the case; it appears to us that the isolation of an 
anhydrohexosazone by Levene and Raymond (loc. cit.) following the acid hydrolysis of a phosphoric ester may 
not in fact have been directly connected with the hydrolysis of such an ester but with some abnormal 
condition prevailing during osazone formation. 


EXPERIMENTAL. 


Preparation of Barium a-Methylglucopyranoside-6-phosphate.—a-Methylglucopyranoside (m. p. 166°) (10 g.) was con- 
verted into barium a-methylglucoside-6-phosphate according to the method of Fischer (Ber., 1914, 47, 3193). After 
continuous extraction with alcohol under reflux for 24 hours the product, dissolved in the minimum quantity of water, 
was filtered into alcohol to give a white precipitate which was separated and dried (11 g.). It had [a]}® +95° (c, 1-4, 
in water) (Found: OMe, 7:2; P, 7-6. Calc. for C;H,,0,PBa: OMe, 7-6; P, 7-6%). 

_ Alkaline Hydrolysis—Barium a-methylglucoside-6-phosphate (4-6 g.) was hydrolysed in water (150 c.c.) at 100° 
with barium hydroxide (24 g.) for 72 hours. The alcohol soluble portion of the hydrolysate gave a colourless crystalline 
solid (1-45 g., 47%); this was recrystallised from hot alcohol and the crystals (m. p. 166°) obtained were identified as 
«methylglucoside (mixed m. p.) and had [a] +153° (c, 1-5, in water), The hydrolysis was repeated a number of times 
but all attempts to isolate any other product were unsuccessful. 

Preparation of Barium 1: 2-Monoacetone Glucofuranose-6-phosphate and its Hydrolysis with Alkali.—Monoacetone 
spmose (5 g.) in dry pyridine (18 c.c.) was converted into monoacetone glucose-6-phosphate according to the method used 

r the preparation of diacetone glucose-3-phosphate. The product, after treatment with silver sulphate, was extracted 
with hot ethyl acetate, dissolved in water, filtered and the water removed by distillation at 40°/15 mm. to yield a white 
B30) g-), [a] +12° (c, 1-4 in water) (Found: Ba, 29-6; Me,CO, 13-8. Calc. for C,H,,0,PBa: Ba, 31-5; Me,CO, 

(s) . 

The above product (3-5 g.) was hydrolysed with barium hydroxide at 100° as before. The product was extracted 
thoroughly with ethyl acetate and left a residue which was dissolved in water, filtered and evaporated to give a white 
wlid (1-36 g.), [a]}7" +10° (c, 1-2 in water) [Found: Ba, 27-9; Me,CO, 12-5%]. This was largely unchanged material. 
Evaporation of the ethyl acetate extracts gave a residue (0-55 g.) which, after extraction several times with cold dry ether, 
kit a crystalline residue (0-35 g.), m. p. 162°, identified as 1 : 2~monoacetone glucofuranose; [a]}®° —11° (c, 1-5 in water). 
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When the ether was removed from the ethereal extracts a colourless syrup (0-17 g.) remained. This, after Standing for 
several weeks, partly crystallised. The crystals (0-04 g.) were separated on porous porcelain and had m. p. 159°, not 
depressed by monoacetone glucoses and the total yield was 0-39 g., 22% of the theoretical. 

The syrup (0-12 g.) obtained from the porous porcelain was hydrolysed with 0-1n sulphuric acid (10 c.c.) at 45° for. 
47 hours. The product (0-1 g.), isolated in the usual way, had [a]}* +44° (c, 1-0 in water) and was subjected to osazone 
formation to give four crops of osazone (0-043 g.) having m. p. 165—170°, depressed to 140° on admixture with 
l-sorbosazone (m. p. 165°). After several crystallisations from alcohol a small amount of crystalline product having m. p. 
185—186° was obtained; m. p. depressed to 170° by admixture with 3 : 6-anhydroglucosazone (m. p. 185°). Acetyl. 
ation with acetic anhydride and pyridine at room temperature failed to yield any crystallisable acetate, and, in particular 
the easily crystallisable 3 : 6-anhydroglucosazone acetate. This work was repeated three times, but it was impossible 
to obtain identifiable products other than glucosazone and 1 : 2-monoacetone glucose. 

Barium Diacetone Glucofuranose-3-phosphate.—Pure diacetone glucose (10 g.) in dry pyridine (37-5 c.c.) was treated 
with phosphorus oxychloride (5 c.c.) in pyridine (25 c.c.) according to the method of Josephson and Proffe (Annalen 
1930, 481, 91; cf. Raymond and Levene, J. Biol. Chem., 1929, 88, 619). After the addition of saturated barium 
hydroxide solution until alkaline to phenolphthalein and removal of the excess pyridine by distillation at 35°/15 mm. thesolid 
product was dissolved in water (100 c.c.) and a saturated solution of barium hydroxide added until faintly alkaline to 
thymolphthalein. The solution was decolorised with charcoal, filtered and the filtrate evaporated to give a white solid, 
Unchanged diacetone glucose was removed by repeated extraction with ligroin (6 litres) under reflux for 3 days. The 
residue, dissolved in water (75 c.c.), was treated with an excess of silver sulphate, the solution filtered, the excess of silver 
ion removed by hydrogen sulphide in the presence of barium carbonate, followed by aeration, treatment with barium 
hydroxide and carbon dioxide. The resulting solution, after filtration, was evaporated to dryness at 40°/15 mm. to 
yield a non-reducing white solid. This was purified by solution in acetone and precipitation with ligroin (b. p. 40—60%, 
followed by several extractions with the same solvent. The product (12-5 g.) had [a}i®° —3-6° (c, 1-0 in water) (Found: 
Ba, 26-0; P, 6-9; Me,CO, 25-0. Calc. for C,,H,,O,PBa: Ba, 28-9; P, 6-5; Me,CO, 24.4%). The product contained 
therefore a small amount of the acid phosphate (cf. Josephson and Proffe, loc. cit.). 

Barium 1 : 2-Monoacetone Glucofuranose-3-phosbhate and its Hydrolysis with Alkali.—The above salt (12 g.) was dis- 
solved in water (50 c.c.) and treated with 0-5N sulphuric acid (70 c.c.) for 165 minutes at room temperature. The solution, 
made alkaline to thymolphthalein with saturated barium hydroxide (30 c.c.), was treated with carbon dioxide, filtered, 
and the filtrate and washings on evaporation gave a yellow solid which was extracted with ethyl acetate under reflux 
for 14 hours to leave a pale yellow residue (9-8 g.), [a]}®° +8° (c, 1-7, in water) (Found: Ba, 30-8; Me,CO, 13-1. Cale 
for C,H,,0,PBa: Ba, 31-5; Me,CO, 13-3%). 

Barium 1 : 2-monoacetone glucose-3-phosphate (3 g.) was hydrolysed with barium hydroxide as before. After cooling 
and filtration, the excess of alkali was neutralised with carbon dioxide and the filtrate evaporated to dryness at 35°/15 mm. 
to give a white solid: this was extracted several times with ethyl acetate under reflux. The remaining white solid 
(1-94 g.) had [a]i®* +6° (c, 1-6, in water) (and was for the most part unchanged material) [Found: Ba, 29-6; Me,CO, 
13-2%]. The ethyl acetate extracts gave a white solid (0-164 g.) which was recrystallised from ether. It had m. p. 161°, 
and was identified as 1 : 2-monoacetone glucofuranose, [a]}7”° —12° (c, 0-9, in water) (Found: Me,CO, 25-5. Cale. for 
C,H,,0,: Me,CO, 26-5%). The unchanged material was submitted to further hydrolyses with barium hydroxide but 
monoacetone glucose was the only compound isolated in each case. 

This work was repeated three times with identical results. 

Barium Glucose-3-phosphate.—Barium 1 : 2-monoacetone glucose-3-phosphate (4-55 g.) was dissolved in water (100 c.c.) 
and treated with Nn-sulphuric acid (25 c.c.) at 40° for 43 hours. The product was neutralised, filtered and evaporated 
to dryness at 35°/15 mm. to yield a white solid (3 g.}, [a]}®° +29° (c, 1-0, in water) (cf. Josephson and Proffe, doc. cit.) 
(Found : Ba, 32-5. Calc. for C,H,,O,PBa: Ba, 34-7%). 

Barium Methylglucofuranoside-3-phosphates and their Hydrolysis with Alkali.—Barium glucose-3-phosphate (3-5 g) 
was shaken at 15° with methanolic hydrogen chloride (60 c.c., 1-3%) until the specific rotation had fallen to a constant 
value (120 hours). After neutralisation with barium carbonate and removal of the solvent the mixture of salts was 
dissolved in water and treated with excess silver sulphate and the product worked up in the usual way to yield a glass. 
This was extracted thoroughly with ethyl acetate under reflux to remove methylglucofuranosides and the product (2-5 g.) 
had [a]}7" +4° (c, 1-0, in water) (Found: Ba, 32-0; P, 7-0; OMe, 6-8. C,H,,0,PBa requires Ba, 33-6; P, 7-6; OMe, 
76%). 

Me above product (2-45 g.) was hydrolysed at 100° with barium hydroxide solution for 72 hours as before and the 
residue obtained, after neutralisation and evaporation, was extracted repeatedly with alcohol to give a syrupy glass 
(0-61 g.) (Found: OMe, 13-9. Calc. for C;,H,,0,: OMe, 160%). The product (0-57 g.) was hydrolysed with 0-2n 
sulphuric acid (20 c.c.) at 100° for 7 hours. After neutralisation with barium carbonate, the solution was evaporated 
and extraction with alcohol yielded a reducing syrup (0-4 g.) which was purified by dissolution in water, filtration and 
evaporation, followed by drying with alcohol and benzene; the resulting product (0-36 g.) had [a]}?° +59-7° (c, 18 im 
water). .On standing for some months this syrup partly crystallised. The crystals (0-1 g.), separated from the syrup 
by treatment with ethyl acetate, had m. p. 150°, not depressed by d-glucose (m. p. 150°). The remainder was subjected 
to osazone formation to give two crops of osazone (0-16 g.), m. p. 207° not depressed by an authentic specimen of glucos- 
azone (m. p. 208°). Recrystallisation from alcohol and evaporation of the mother liquors gave a small quantity (0-03 g.) 
of a syrup which could not be crystallised. This syrup was acetylated with acetic anhydride and pyridine but the 
acetate so obtained could not be crystallised from aqueous alcohol in contrast with the easily crystallisable 3 : 6-anhydro- 
glucosazone acetate. 

Attempted Isolation of an Anhydrohexosazone from Barium Glucose-3-phosphate.—Barium glucose-3-phosphate 
(1-9 g.) was treated with the calculated quantity of sulphuric acid, filtered, and heated with sodium acetate (2 g.), phenyl- 
hydrazine (2 c.c.) and acetic acid (1-5 c.c.) at 100° for 45 minutes. A crystalline product (0-6 g.) was obtained, m. p. 
118—I20°, [a]}?° —62° (c, 0-2, in pyridine—alcohol) (Found : N, 16-3; P, 3-95%). the product could not be recrystallised 
and the analyical figures of three such preparations were too Variable to permit the assignment of a forfffula. It appears 
highly probable, however, to be a phenylhydrazine salt of glucosephenylosazone-3-phosphate; cf. the corresponding 
derivative obtained from glucose-6-phosphate, m. p. 154—154-5° (Robison and King, Biochem. ]., 1931, 323). Attempts 
to isolate the anhydrohexosazone reported by Levene and Raymond (loc. cit.) were abortive. 
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933. The Enzymic Synthesis and Degradation of Starch. Part I. The Synthesis 
of Amylopectin. 
By E. J. Bourne and S. Peart. 


The synthesis from glucose-1-phosphate of the unbranched amylose component of starch is catalysed by a 
phosphorylase found by Hanes in potato juice. We have now isolated from the same source an enzyme 
(Q-enzyme) which, acting in conjunction with the purified phosphorylase (P-enzyme), effects the conversion of 
glucose-1-phosphate into the major component of whole starch, namely amylopectin. The synthetic amylopectin 
is non-reducing, does not retrograde from solution, stains red-purple with iodine and is attacked by f-amylase 
in the manner characteristic of branched chain structures, i.e., hydrolysis proceeds with the liberation of maltose 
until a limit represented by a conversion of 46% is attained. Thereafter the action of B-amylase ceases. In 
these properties, the synthetic product is not to be distinguished from natural amylopectin (separated from 
potato starch). Furthermore, methylation of the synthetic amylopectin and end-group assay on the methyl 
ether show the unit chain to contain 20 glucose members. 

The probable course of the synthesis of whole starch in the plant is outlined and the respective roles of the 
P- and Q-enzymes therein are described. As an intermediate in the conversion of glucose-l-phosphate to 
amylose and amylopectin, the existence of a pseudo-amylose is postulated. Pseudo-amylose is constituted 
of an unbranched chain of 20 glucose units mutually linked by a-1 : 4-glucosidic bonds, as in amylose. 


Two discoveries of the greatest significance in regard to the metabolism of carbohydrates in plants have been 
made in recent years. In the first place, it has been established beyond reasonable doubt that most natural 
starches are constituted of at least two different molecular species. The earlier names of “‘ amylose’”’ and 
“amylopectin,’’ although originally connoting components of starch which differed only in the degree of physical 
aggregation of a common chain-unit, have been retained to describe these chemically distinct polyglucoses. 
Amylose is composed of long unbranched chains of glucose residues mutually combined by «-1 : 4-glycosidic 
links. Amylopectin, on the other hand, consists of comparatively short chains of glucose residues similarly 
linked, these chain units (containing an average of 20 glucose members) * being cross-linked by primary bonds 
which are very probably «a-1 : 6-glycosidic links (cf. Barker, Hirst and Young, Nature, 1940, 147, 296). This 
lateral linkage has the effect of giving to the amylopectin component of starch a highly branched or laminated 
structure, comparable to that of glycogen, whereas the amylose has a linear and probably unbranched structure 
similar to that of cellulose. The average length of the amylose chain in natural starch is 200—350 hexose 
members (Hassid and McCready, J. Amer. Chem. Soc., 1943, 65, 1157; K. H. Meyer, et al., Helv. Chim. Acta, 
1940, 23, 66; 1941, 24, 378). 

The properties of amylose and amylopectin separated from a naturally occurring starch are very different. 
Two such properties intimately concern us since they are used for diagnostic and analytical purposes. These 
are (i) the different colours which the two components of starch give with iodine and (ii) the different hydrolytic 
effects which B-amylase exerts on each. 

The second significant discovery, made by Hanes, was that of an enzyme found in a number of higher 
plants, which was capable of bringing about the synthesis from glucose-l-phosphate of a polyglucose with 
starch-like properties (Hanes, Proc. Roy. Soc., 1940, B, 128, 421; ibid., 129, 174). 

This starch-like polysaccharide exhibited all the properties associated with the amylose, as distinct from the 
amylopectin component of natural starch. End-group assay on this ‘ synthetic starch’ showed the chain 
length to be 80—90 glucose residues (Haworth, Heath and Peat, J., 1942, 55) and the determination of the 
molecular weight of its methyl ether by osmotic pressure measurement indicated the absence of branching 
{unpublished result). 

The enzyme isolated by Hanes, and called a “‘ phosphorylase,’”’ was extracted from potato juice and purified 
by a procedure designed to remove any starch-hydrolysing amylases the juice might contain. Of the total 
polysaccharide synthesised by the action of potato phosphorylase on glucose-1-phosphate, 85% separated from 
solution as ‘‘ granular synthetic starch.”” The remainder (15%), which did not separate from solution although 
itgave a colour with iodine, was not further examined. 

It was always evident that Hanes’ phosphorylase represented only a part of the enzyme system involved in 
the biological synthesis of starch inasmuch as the greater part of the product formed by its agency consisted of 
the amylose component. Amylopectin which actually constitutes about 80% of natural potato starch appears 
not to be produced from glucose-l-phosphate by purified phosphorylase. 

It was important therefore to examine the whole carbohydrase system of the potato with a view to determin- 
ing what other factors in addition to purified phosphorylase (termed ‘‘ P-enzyme’’ in what follows) were operative 
in the synthesis of whole starch in the potato. We instituted a search with this object in view and, as briefly 
reported elsewhere (Haworth, Peat and Bourne, Nature, 1944, 154, 236), we have been able to show the presence 
in potato juice of another enzyme (Q-enzyme) which is so able to modify the normal function of P-enzyme 
that the combined action of the two leads to the formation not of amylose but of the branched-chain component, 
amylopectin. 

The method adopted by Hanes for the elimination of amylases and the preparation of a pure phosphorylase 
consisted in the fractional precipitation of fresh potato juice by progressively increasing concentrations of 
ammonium sulphate solution. The first precipitated fraction, deemed to contain the amylases and to be 

* Recent unpublished determinations indicate that the average unit chain-length of potato amylopectin is more 
early represented by 20 than by 24 glucose numbers. 

~ 
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substantially free from P-enzyme, was discarded by Hanes; it was in this fraction that we detected the presence’ 
of Q-enzyme. 

Although our study of the properties and function of Q-enzyme have opened up new lines of investigation 
which we are still pursuing, our investigations have progressed sufficiently to warrant the publication of this 
account. The picture now presented of the mechanism of starch synthesis is to be regarded as a working 
hypothesis only. 

The synthesis of polysaccharide from glucose-l-phosphate is a reversible reaction and Hanes has show 
that the equilibrium is determined by the concentrations of the bivalent ions, HPO,” and (C,H,,0,-0-P0,)”, 
the ratio of which is constant (2-2) at any pH. The phosphorolysis of starch by P-enzyme is dependent upon 
the concentration of inorganic phosphate but is independent of the concentration of starch. 

We regard the function of P-enzyme as being restricted to the formation of a-1 : 4-glycosidic linkages by the 
union of molecules of glucose-1-phosphate and liberation of phosphate ions and to the reverse process of scission 
of these glycosidic linkages in the presence of inorganic phosphate. Unbranched chains of glucose residues 
are thus produced by the end-wise apposition of glucose residues derived from glucose phosphate. This being 
so, it is seen that pure P-enzyme cannot catalyse the synthesis of branched chains and some other agent must be 
influential in the synthesis of amylopectin. It is this function, namely, the formation of 1 : 6-glucosidic cross 
linkages between chains of glucose units, themselves linked by 1 : 4-linkages, that we ascribe to Q-enzyme, 
The picture we have conceived of the mechanism of starch synthesis is this: P-enzyme acting on glucog 
phosphate forms chains of glucose units with the production, in the absence of Q-enzyme or when the proportion 
of Q-enzyme is below a critical value, of amylose. If the proportion of Q- to P-enzyme is above this critical 
value, the normal amylose synthesis is interrupted inasmuch as the building up of linear chains by P-enzyme 
ceases when the average length of these chains attains about 20 glucose units. Chains of this average length 
(we use the term ‘‘ pseudo-amylose ”’ to describe this hypothetical polysaccharide) constitute the only suitable 
substrate for the synthetic activity of Q-enzyme which then proceeds to link them together, in the manner 
already indicated, to give the laminated, amylopectin structure. The synthesis of amylose and amylopectin 
by the agency of P- and Q-enzymes is illustrated diagrammatically thus : 


(small circles = glucose residues) 
Glucose-1-phosphate 
A 


' 
! 
' 
! 
' 
' 


P-enzyme 


0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0 
Pseudo-amylose (20 glucose units) 






Amylose 
(>80 glucose units) 


Amylopectin etc. 


The steps in the reversal of this synthesis are less easy to define. In our use of the terms P- and Q-enzymes 
we are referring to the pure enzymes, i.e., to preparations which contain no other carbohydrase than that 
specified as Por Q. This state of purity has certainly not yet been attained with Q-enzyme and it is indeed 
doubtful whether P- has been obtained entirely free from other enzymes. In large scale preparations of glucose- 
1-phosphate it is customary to use crude potato juice as the enzyme source and by its agency both of the 
components of whole starch are converted into glucose phosphate. This observation is based not upon the 
actual yield of glucose phosphate but upon estimation of the extent of conversion of inorganic phosphate to 
ester-phosphate. 

Hanes (loc. cit.) states that the same total conversion of starch into glucose phosphate is effected by the 
‘‘ purified phosphorylase ’’ as by crude juice. Since we have reason to believe from our own experiments that 
this enzyme preparation may contain small proportions of Q-enzyme, it cannot be asserted at the present 
time that Q-enzyme is not a necessary ancillary agent in the phosphorolysis of whole starch or that P-enzyme 
unmixed with Q-enzyme is capable of phosphorolysing starch. 

We have been able to show that Q-enzyme exerts not only the synthesising activity illustrated above, 
but also possesses an amylose-hydrolysing function which is different from the normal course of hydrolysis 
brought about by the known amylases. An account is published in Part II of the amylolytic activity of 
Q-enzyme and it will be sufficient to mention here that Q-enzyme, when free from «- and g-amylases, converts 
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blue-staining amylose into a red-staining polysaccharide probably without the concomitant liberation of any 
reducing sugar during the whole course of the digestion. This is in marked contrast to the action on amylose 
of salivary «-amylase and of soya bean B-amylase; the former rapidly converts amylose to non-staining 
dextrins and maltose, and the latter liberates maltose from the beginning of the reaction with ultimate complete 
saccharification of the amylose. Our method of estimating reducing power was adequate to reveal the form- 
ation of feebly reducing dextrins and, as these were apparently absent, we incline to the view that Q-enzyme 
actually catalyses the conversion of amylose into amylopectin, possibly through the intermediate formation 
of pseudoamylose, as indicated diagrammatically above. Of the action of Q-enzyme on amylopectin we are 
at present ignorant, but it may be that the reaction: pseudo-amylose —-> amylopectin, is reversible. We 
do, at least, know that amylopectin is convertible into glucose-1-phosphate, although the intermediate steps 
in this reaction have not yet been determined. 

The Synthesis of Amylopectin from Glucose-1-phosphate.—Potato juice often contains amylases, i.e., enzymes 
which effect the hydrolysis of starch with the liberation of reducing groups. The presence or absence of 
amylases appears to depend on the stage of growth of the potato; they are particularly in evidence in sprouting 

tatoes. The action of Q-enzyme on starch bears a superficial resemblance to the action of the true amylases 
{as is shown in Part II) and it was therefore essential that preparations of Q-enzyme should be freed as far as 
possible from amylases. This was in part achieved by the potato juice being shaken with kaolin under the 
conditions described by Waldschmidt-Leitz and Mayer (Z. physiol. Chem., 1935, 236, 168). Thereafter the 
Q-enzyme was precipitated by neutral ammonium sulphate at a final concentration of 16 g./100c.c. P-enzyme 
was prepared from fresh potato juice by Hanes’ method, which involves the use of ammonium sulphate at a 
concentration of 35 g./100 c.c. Q- and P-enzymes were purified by repeated precipitation at the appropriate 
concentration of ammonium sulphate. ‘ 

In a qualitative study of the action of P-, of Q- and of mixtures of P- and Q-enzymes on glucose-1-phosphate 
it was observed that whereas P-enzyme rapidly gave a blue-staining polysaccharide without the intermediate 
formation of a red-staining product, the P + Q-mixture gave a red-staining polysaccharide. The latter was 
also given, but very much more slowly, by our earlier preparations of Q-enzyme. This synthetic activity of 
Q-preparations diminished as the purity of Q- increased and we believe that a Q-preparation entirely free from 
P-enzyme will show no synthetic activity with respect to glucose phosphate as substrate. In a further experi- 
ment it was shown that if a Q-preparation was (a) submitted to a temperature of 65° for 15 minutes or (5) 
precipitated from aqueous solution with alcohol, it entirely lost its characteristic property of influencing the 
course of polysaccharide synthesis by P-enzyme. 

In a larger scale synthesis of the red-staining polysaccharide, it was not convenient to prepare and purify 
separately the P- and Q-factors. Instead, potato juice which had been submitted to the kaolin treatment to 
remove amylases was used as the source of P + Q-mixtures. The relative proportion of P- and Q-enzymes 
would be expected to exert a predominating influence on the type (amylose or amylopectin or mixtures thereof) 
of polysaccharide synthesised, and it is to be remembered that the kaolin-treated juice most probably does not 
contain the same P/Q ratio as the fresh untreated juice. It is known for instance, that both P- and Q-enzymes 
are adsorbed by kaolin although not to the extent of the amylases. 

The polysaccharide formed by the action of kaolin-treated potato juice on glucose-1-phosphate was shown 
to have the constitution and properties of amylopectin. It was easily soluble in water; it stained red with 
iodine and it was hydrolysed by @-amylase in a manner identical with the course of hydrolysis of natural 
amylopectin by the same enzyme. The polysaccharide synthesised by P-enzyme acting alone was completely 
hydrolysed (99%) to maltose by B-amylase, whereas the product of synthesis by P + Q-enzymes was con- 
verted into maltose to the extent of 46% only. A natural amylopectin, prepared from potato starch by the 
butanol method of Schoch (J. Amer. Chem. Soc., 1942, 64, 2957), was converted into maltose to the extent of 
50% by the same amylase preparation. 

The branched chain structure for the synthetic amylopectin was confirmed when end-group assay on the 
methyl derivative showed that its unit chain length was approximately 20 glucose members corresponding 
to the unit chain length of natural amylopectin (K. H. Meyer, Helv. Chim. Acta, 1940, 23, 865; Hassid and 
McCready, J. Amer. Chem. Soc., 1943, 65, 1157). Viscosity measurements on chloroform solutions of the 
methylated polysaccharide showed that y,,,/c * was independent of c, a property which distinguishes the 
branched from the unbranched structure. In the latter vase, 7,p,/c increases with c. 


EXPERIMENTAL. 
Preparation of Potato Juice—King Edward potatoes (1000 g.) were peeled, thinly sliced and soaked for 30 minutes in 


water (1 litre) containing 0-5% sodium hydrosulphite (dithionite) and 0-5% toluene. They were drained, washed, minced 


and pressed. The light yellow juice was clarified by centrifuging and, after addition of 0-5% of toluene, was stored at 0°. 

Measurement of Synthetic Activity (Qualitative).—A digest consisting of 0-1 c.c. enzyme solution, 0-2 c.c. 0-1m glucose- 
l-phosphate and 0-1 c.c. citrate buffer (pH = 6-0) was incubated at 25° for 15 minutes. Three drops of an iodine- 
potassium iodide solution (N/60) were added. The production of a coloured starch-iodine complex indicated the presence 
of phosphorylase in the enzyme. 

Purification of Phosphorylase (P-Enzyme).—A solution of ammonium sulphate containing 50 g./100 c.c. was prepared 
by dissolving ammonium sulphate in water and adding ammonium hydroxide (d = 0-880) until the pH was 7-0. Small 
amounts of insoluble impurity were removed by filtration and the filtered solution was saturated with toluene. 


_ * The specific viscosity, mp. of a solution is defined by the expression, mp. = yr — 1, where 7, is the ratio of efflux 
times (in an Ostwald viscometer) of solution and solvent respectively ; the concentration, c, is in grams/litre. 
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Potato juice was fractionated in the following manner, the temperature being maintained at 0° throughout, [ 
each 100 c.c. of juice, ammonium sulphate solution (47 c.c.) was added giving a concentration of 16 g./100 c.c. .The 
precipitate was removed on the centrifuge and discarded. To the supernatant liquid more ammonium sulphate solution 
(180 c.c.) was added, making the concentration 35 g./100 c.c. After standing for 4 hours, the phosphorylase precipitate 
was removed by centrifuging, and the supernatant liquid was discarded. The precipitate was redissolved in the minimum 
volume of water and refractionated twice. The thrice-precipitated phosphorylase thus isolated was termed ‘‘ P-enzyme,” 

Estimation of phosphorylase activity was carried out by the method of Green and Stumpf (J. Biol. Chem., 1942, 149, 
355), the inorganic phosphorus being estimated by the method of Allen (Biochem. J., 1940, 858). 

Polysaccharide Synthesis by P-Enzyme.—The P-enzyme used had been stored as a dry powder at 0° for 6 weeks and 
contained a considerable proportion of ammonium sulphate. The inorganic phosphorus in a digest of glucose-1-phosphate 
with P-enzyme was estimated at intervals by the method described and the results are given below. 


25-0 G. glucose-l-phosphate, 1-0 g. dried P-enzyme (containing ammonium sulphate), 10 c.c. toluene, made up to 
2 litres, pH maintained at 6-0 with acetic acid, temp. 20-0°. 


Incubation Inorganic phosphorus Conversion Incubation Inorganic phosphorus Conversion 
time (hrs.). in digest (g.). (%). time (hrs.). in digest (g.). %). 
0 ‘ 0-008 0 70 1-240 60 
24 0-412 20 120 1-680 81 
46 0-788 38 168 1-728 83 


When equilibrium at 83% conversion had been reached, the ‘‘ granular synthetic starch ’’ was separated by the centri- 
fuge, washed with water, alcohol and ether and dried under reduced pressure over phosphorus pentoxide; yield, 5-75 g, 

The addition to the supernatant liquid of iodine (2 g.) and potassium iodide (3 g.) in water (200 c.c.) caused the pre- 
cipitation of more polysaccharide in the form of its iodine complex. This was removed by the centrifuge and washed with 
water. The iodine was removed by being repeatedly refluxed with acetone. The polysaccharide was dried under 
reduced pressure over phosphorus pentoxide and was termed ‘‘ Soluble Synthetic Starch ”’; yield, 1-47 g. 

Isolation of Q-Enzyme.—Potato juice was fractionated as described at 0° throughout. Potato juice (76 c.c.) was shaken 
for 15 minutes with 20 c.c. of buffer (pH = 5-1) and kaolin (5-4 g.) suspended in water (32 c.c.). The mixture was 
centrifuged and the kaolin, which should have retained any amylase which may have been present, was discarded. 

To the supernatant liquid ammonium sulphate solution (63 c.c.) was added, the concentration of this salt in the 
mixture being thus 16 g./100c.c. The resulting precipitate was removed by the centrifuge, redissolved in water (40 c.c.) 
and reprecipitated by the addition of ammonium sulphate (20 c.c.). 

It was observed that Q-enzyme converted the starch into a reddish-purple staining polysaccharide in 24 hours. It 
was still reddish-purple staining after 9 days. ’ 


10 C.c. 1% potato starch solution + 1 c.c. Q-enzyme solution. 
The Q-enzyme solution was prepared by dissolving the Q-enzyme precipitate in the minimum volume of water. 


Time after mixing (mins.). 7?*. Iodine stain. Time after mixing (days). ne. Iodine stain. 
2 2-09 Blue 1 _ Red-purple 
8 1-74 90 5 — ” 
ll 1 -69 9 9 — ” 
20. «te 1-60 ‘ 
25 1-57 # 


The Réle of Q-Enzyme in Starch Synthesis —The P-enzyme prepared from 100 c.c. of potato juice was redissolved in 
water (60 c.c.). The Q-enzyme prepared from 150 c.c. of juice was dissolved in water (30 c.c.). These two enzyme solu- 
tions were then used in the following digests, which were incubated at 38°. At intervals, two drops of each digest were 
removed, diluted with water (0-25 c.c.) and stained with one drop of n/60 iodine solution. 


Iodine Stains. 
5 c.c. 0-5M-Glucose-1l-phosphate + 


2 c.c. citrate buffer (pH = 6-0) + Omin. 1 hr. 2hrs. 24hrs. 2days. 5days. 6days. 7 days. 10 days. 


lc.c. P-enzyme .. Seiden. Me B(F) B B B B B B B 
1 c.c. — eivcaveciernest Cc Cc S RP RP R R R R 
en IID | oiscis ceccnv nin scctnddcntcs 

SRG ciicnincnicnviacaced R(F) RP RP Rm - - * " 


Key: B = blue, R = red, P = purple, (F) = faint, C = no stain. 
Similar results were obtained on two other occasions using different preparations of P- and Q-enzymes. 


The Destruction of Q-Enzymes by Heat or Alcohol.—P-Enzyme, from 300 c.c. of potato juice, was dissolved in water 
(100 c.c.) and the Q-enzyme from 300 c.c. of juice was dissolved in water (80 c.c.). The Q-enzyme solution was divided 
into three parts which were treated as follows: (i) centrifuged and the small insoluble residue discarded; (ii) heated at 
65° for 15 mins., the coagulated protein being separated on the centrifuge and discarded; (iii) precipitated with three 
volumes of absolute alcohol. After being centrifuged, the precipitate was redissolved in one volume of water, the small 


insoluble residue being discarded. The following digests were then prepared and incubated at 25°. At intervals the 
iodine stains were examined. 


(A): 5 c.c. citrate buffer (pH = 6-0) containing “glucose-1-phosphate (005M), 0-5 c.c. P-enzyme solution, 6 ¢.c 
Q-enzyme solution, layer of toluene. 
(B): as (A), using heated Q-enzyme. 
(C): as (A), using alcohol-precipitated Q-enzyme. 
Iodine Stains. 
Incubation times. 





Digest. 0 min. 30 mins. 34} hours. 5} hours. 
BED “‘auuidantnedasonecescocesees Cc Cc RP RP 
SE .: ahdtatbbeninipee cepewkentnee Cc Cc B B 
+ Cc Cc B B 


Key: R = red, B = blue, P = purple, C = no stain. 
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When the above experiment was repeated, using the same and other enzyme preparations, similar results were 
observed. 

Syntheses using Q-Enzyme.—General method of isolation of the polysaccharide. The appropriate digest was prepared, 
covered with a layer of toluene and incubated at 25°. The inorganic phosphorus was estimated at intervals by the method 
of Allen (Joc. cit.). When equilibrium was reached, the digest was boiled for 10 minutes and the coagulated protein 
was centrifuged off, washed with a little hot water and discarded. To the supernatant liquid and washings, 
methanol (3 vols.) was added and, after being kept for a short time, the polysaccharide precipitate was separated at the 
centrifuge. 

It was redissolved in boiling water (200 c.c.), the solution filtered and dialysed for 5 days against running tap-water. 
Again methyl alcohol (3 vols.) was added and the polysaccharide was separated by centrifuging. After a further pre- 
cipitation, the polysaccharide was washed with alcohol and ether and dried in a vacuum desiccator. 

1. By Q-enzyme acting alone. Polysaccharide RS3. 

Digest: 5-00 g. glucose-1-phosphate (K, salt), 20c.c. citrate buffer (pH = 6-0), 20c.c. water, 12c.c. Q-enzyme solution. 

As the incubation proceeded three 12 c.c. volumes of fresh Q-enzyme solution were added. Equilibrium was reached 
in 10 days, 81% of the ester-phosphorus being converted into inorganic phosphorus; yield of polysaccharide RS3, 
1-21 g. 
2° By mixtures of P- and Q-enzymes. Polysaccharide RS4. 

Digest: 5-00 g. glucose-l-phosphate (K, salt), 20 c.c. citrate buffer (pH = 6-0), 20 c.c. P-enzyme solution, 40 c.c. 
Q-enzyme solution, 20 c.c. water. , 

Equilibrium was reached in 3 days, 81% of the ester-phosphorus being converted into inorganic phosphorus; yield 
of polysaccharide RS4, 1-15 g. 

3. By untreated potato juice. Polysaccharide RS5. 

Digest: 5-00 g. glucose-1-phosphate (K, salt), 20 c.c. citrate buffer, 20 c.c. crude potato juice, 60 c.c. water. 

Equilibrium was reached in 6 hours, 83% of the ester-phosphorus being converted into inorganic phosphorus; yield 
of polysaccharide RS5, 0-45 g. 

Quantitative Estimation of the Effect of B-Amylase on the Synthetic. Polysaccharides (with A. MAcEy). 

The standard digest, which was incubated at 35-5°, was: 30 mg. polysaccharide, 34 c.c. distilled water,* 6 c.c. 
lpr ied (pH = 4-8), 10 c.c. 0-2% fB-amylase prepared from wheat (see Ford, Haworth and Peat, J., 1940, 856), 
layer of toluene. 

At frequent intervals, the amount of maltose formed was estimated by removing 5 c.c. of digest for analysis by the 
Shaffer-Hartmann method. The results are recorded below. 


« Hydrolysis of Polysaccharides by 8-Amylase. % Conversion to Maltose. 


Initial 
Polysaccharide. solvent. vs hr. Shr. Iphrs. 2phrs. 3$hrs. 4$hrs. 5S}hrs. 21 hrs. 
Amylopectin (Butanol) H,0 (1) = 26-0 41-5 47°6 — 49-4 50-4 -— 
(B.V., 0-18) (2) _ 24-1 43-2 47-6 _ ~~ 51-7 — 
(3) —- 25:3 39-6 45-2 45 5 46-7 46-7 + 
Polysaccharide RS3 NaOH (1) 13-5 39-8 57-0 65°5 65-0 65°5 65:5 -_— 
(B.V., 0-19) (2) 118 37:8 56-3 59-8 62-0 62-0 61-3 
Polysaccharide RS4 H,O (1) = 28-4 41-4 43-7 44-1 46-0 — — 
(B.V., 0-09) (2) _ 28-2 39-5 42-8 43-7 43-7 45-5 — 
“Granular Synthetic Starch ”’ NaOH (1) _— 51-2 88-0 93-0 — 94-0 100-0 99-0 
(B.V., 0-95) (2) — 55°5 93-0 98-7 98°5 98-7 98-5 
4 hr. 2hrs. 4hrs. 6hrs. 8hrs. Ilhrs. 22$hrs. 28 hrs. 
Amylose (Butanol) NaOH (1) 35°6 52-7 63°5 73-5 79-5 90-5 99-6 
(B.V., 1-06) (2) = 39-2 —- 63-4 72-7 79-7 91-0 98-0 
Notes on Table: (1) ‘‘ Butanol amylopectin’’ and ‘‘ butanol amylose’’: these names refer to amylose and 


amylopectin separated from potato starch by fractionation with butanol (Schoch, Joc. cit.). 

(2) Blue value (B.V.) is a measure of the intensity of the blue in the colour of the polysaccharide—iodine complex 
formed under the standard conditions prescribed by McCready and Hassitl (J. Amer. Chem. Soc., 1943, 65, 1154). The 
readings were made on a Spekker absorptiometer with a red filter. 

(3) The B.V. of butanol amylopectin is higher than that of the polysaccharide RS4, the reason being that the butanol 
amylopectin still contains a little amylose. An alternative method of separation of the components of starch has been 
developed since the completion of this part of the work. In this method (an account of which will be published 
later) thymol and cyclohexanol are used instead of butanol as precipitants and by its use amylopectin preparations with 


‘blue values as low as 0-04 have been obtained from potato starch. 


Acid Hydrolysis of the Polysaccharides.—The polysaccharides listed in the last table were shown to be essentially pure 
polyglucoses by the fact that acid hydrolysis converted each into glucose to the extent of 98—100%. 

The Amylopectin Synthesised by Kaolin-treated Potato Juice.—Isolation (with K. H. Fantes). The method used was 
that given above for the synthesis of polysaccharides. Instead of preparing the P- and Q-enzymes separately, potato 
juice was extracted with kaolin and then precipitated at an ammonium sulphate concentration of 35 g./100 c.c. The 
precipitate, containing P- and Q-enzymes, was dissolved in the minimum volume of water, for use in the digests. In 
seven digests, 16-66 g. of polysaccharide were isolated from 70-0 g. of glucose-l1-phosphate, the recovery being 68% of 
the polysaccharide formed. ll the digests were non-reducing, or only very slightly reducing, to Fehling’s solution. 
ethylation. The polysaccharide (12-6 g.) was dissolved in 4% sodium hydroxide solution (225 c.c.) and methylated 
at room temperature by the addition of methyl sulphate (150 c.c.) and 30% sodium hydroxide solution (375 c.c.), 
simultaneously and with vigorous stirring over a period of 24 hours. The mixture was then nearly neutralised with 
sulphuric acid and completely neutralised with carbon dioxide. After boiling for 30 minutes, the insoluble polysaccharide 
Material was collected on a linen filter. 

From the filtrate, sodium sulphate and sodium bicarbonate were removed by adding an equal volume of methanol 
and cooling to 0°. The crystals were separated and recrystallised from 50% methanol. The combined mother liquors 
were evaporated to dryness under reduced pressure. The residue and the partly methylated polysaccharide were dissolved 


* When the polysaccharide could not be completely dissolved in warm water alone it was suspended in n-NaOH 
(25 c.c.) and solution was effected by gentle warming on a water-bath. The alkali was exactly neutralised with 5n-HCI, 
the solution was diluted to 34 c.c. and the rest of the digest was added as before. 
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in acetone (50 c.c.) and the methylation continued with 30% sodium hydroxide (400 c.c.) and methyl sulphate (150 C.c,) 
at 50°. Subsequent methylation treatments were carried out in the same way. J ? 

After the seventh methylation, the product, which was still somewhat sticky, was extracted from the linen cloth by 
being refluxed with eight successive volumes (200 c.c. each) of acetone. After being filtered the acetone extracts wer 
combined and evaporated to a syrup which was twice extracted with hot ether (75 c.c.) to remove any acetone condens. 
ation products. A chloroform solution of the product was washed twice with water, dried with anhydrous sodiym 
carbonate, filtered and evaporated to 75 c.c. Ligroin was added until a slight cloudiness was apparent. This was 
clarified by centrifuging. A large excess of ligroin was added to precipitate the methylated product which was separated 
on the centrifuge and hardened with ligroin. It was dried under reduced pressure and ground to a fine powder; yield 
7-0 g. (Found : OMe, 41-0; Ash, 0-4%); [a]}® +201° (c, 1-0in chloroform). Measurement of viscosity of the methylated 
polysaccharide in chloroform showed mzp,/c was independent of c and = 0-016. This behaviour is typical of amylopectin 
derivatives and distinguishes them from the corresponding derivatives of amylose, with which nsp./c increases as ¢ jg 
increased. 

End-Group Assay.—Methanolysis. Dry methylated RS4 (5-806 g.) was dissolved in dry methanol containing 2-6 
dry hydrogen chloride, making a 2-7% solution of the methylated polysaccharide. After being kept overnight, the soly. 
tion was refluxed for 74 hours. The hydrogen chloride was neutralised by being kept in contact for 20 hours with silver 
carbonate. The filtered solution was evaporated under diminished pressure. The last traces of silver salts were removed 
by dissolving the syrup in absolute ether, filtering and evaporating the solvent. The product was dried at 100°/15 mm,; 
yield 6-60 g. ; 

Fractional distillation. The product was transferred, by means of ether, to a small distilling flask, containing glass 
wool and a little barium carbonate. After drying at 100°/15 mm. for 4 hour, it was distilled at bath temperature 150~ 
170°/0-06 mm. into a tared Widmer flask, also containing glass wool. Distillate weighed 5-45 g. The syrup was then 
fractionally distilled from the Widmer flask, as shown below. 





Wt. of 
Mp Observed. “* tetra- 
Pressure r ~ . nie glucoside ’’ 
Fraction, Bath temp. (mm.). Wt. (g). Temp. Reading. (calculated). % OMe. (g.). 
1 140—146° ' 0-018 0-096 22° 1-4420 1-4444 62-0 0-096 
2 146—148 0-008. 0-174 24 1-4462 1-4494 —_— 0-115 
3 148—150 0-008 0-115 25 1-4470 1-4506 —_ 0-067 
4 154 0-012 0-459 26 1-4526 1-4566 — 0-080 
5 160 0-020 oo 26 1-4552 1-4592 a 0-000 
Total = 0-358 


The temperature coefficients used in the calculations for the table were those of Hirst and Young (J., 1938, 1247). 

Fraction 1 was shown to be pure 2: 3: 4: 6-tetramethyl methylglucoside, both by analysis (Theory : —OMe, 62-09%) 
and by comparison with the mp value given by Hirst and Young (mn}® 1-4445) for material which had been subjected to 
methanolysis under similar conditions. Fraction 5 was assumed to be pure 2: 3: 6-trimethyl methylglucoside. Using 
these two fractions as standards, the percentage of 2: 3: 4: 6-tetramethyl methylglucoside in the other fractions was 
calculated. In all, 0-358 g. of this material was present. This corresponded to a chain-length of 20 units. 

This is necessarily only an approximate value because of (1) the incomplete methylation, (2) the omission to correlate 
{a]p with mp and (3) the small amount of material used for the end-group assay. 


The authors wish to pay tribute to Professor W. N. Haworth, F.R.S., the Director of the Laboratories, for his en- 
couragement during the course of this work and for most valued advice and criticism. They desire also to thank Messrs. 
A. Macey and K. H. Fantes for their assistance in part of the experimental work. 
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234. The Enzymic Synthesis and Degradation of Starch. Part II. The Amylolytic 
Function of the Q-Enzyme of the Potato. 
By Epwarp J. Bourne, ALAN Macey, and STANLEY PEatT. 


The Q-enzyme isolated from potato juice, described in Part I, is shown to possess an amylolytic function in 
a@ddition to its capacity to catalyse the synthesis of amylopectin. Evidence is presented which indicates that 
the mode of action of Q-enzyme on amylose distinguishes it sharply from amylases of the known a- and f-types. 
The Q-enzyme has not yet been obtained entirely free from amylases of the ordinary type, but it has been 
obtained sufficiently pure to justify the view that the enzyme attacks amylose in such a way that the latter is 
converted into a red-staining polysaccharide without the concomitant liberation of reducing groups. 

The hypothesis is advanced that the action of Q-enzyme on amylose is twofold, namely, a cleavage of the 
amylose chain into the short unbranched chains of pseudo-amylose and the lateral combination of the latter 
to form amylopectin : 


Amylose ——-> Pseudoamylose —-> Amylopectin. 


In Part I (preceding paper) is described the isolation from potato juice of an enzyme—Q-enzyme—which 
catalyses the synthesis of amylopectin. In this communication an account is given of the hydrolytic function 
of QO-enzyme. 


It is generally assumed that starch-hydrolysing enzymes belong to one or other of two classes and are 
described as either «-amylases or B-amylases. A third class of amylases may exist, namely, the liquefying 
enzymes, so called because of their power of diminishing the viscosity of a starch solution. This liquefying 
property is associated always with preparations of the amylases proper and it is still a matter of controversy 
as to whether the liquefying effect is due to a separate enzyme or is merely a manifestation of the initial stages 
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ofhydrolysis of starch by a- or 6-amylases (see the review by Hanes, New Phytol., 1937, 36,101). The only case 

rted so far of the isolation of a liquefying enzyme is that of the amylophosphatase of Waldschmidt-Leitz 
and Mayer (Z. physiol. Chem., 1935, 286, 168). It was alleged that amylophosphatase brought about the 
diminution of the viscosity of a starch paste without much accompanying hydrolysis to maltose (f-amylase 
action) or to dextrins which did not stain with iodine («-amylase action). Unfortunately, these authors 
disregarded the profound depression of viscosity of potato starch solutions that is produced by ions and it 
isnot possible to say whether the observed viscosity fall was due to enzymic action or to the ions of the buffered 
amylophosphatase solution. 

In a search for an enzyme whose specific function was the liquefaction of starch paste, we had occasion 
to use potato juice as a possible source and found that superimposed upon the instantaneous ionic effect there 
was a true enzymic effect on the viscosity of a starch solution. This liquefying action was observed with juice 
that had been dialysed to remove ions but was not observed with juice that had been boiled or precipitated 
with alcohol. A preparation of purified phosphorylase (P-enzyme) was without this liquefying action on 
starch. 

Fie. 1. 
The hydrolysis of amylose by amylases and Q-enzyme. 





Percentage of initial blue value. 
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The liquefying enzyme is found in the Q-fraction of juice precipitated with ammonium sulphate and there 
are therefore three possibilities to be envisaged. (1) The liquefaction of starch paste and the synthesis of 
amylopectin are but different functions of the same enzyme, Q-enzyme; (2) the liquefaction represents but 
the initial stages of amylolysis brought about by amylases of either the «- or the $-type or both; (3) potato 
juice contains a specific liquefying enzyme which is not identical with either Q-enzyme or amylase. The 
important issue to be decided, however, is whether the liquefying effect represents another aspect of the 
activity of Q-enzyme or is due to amylases of the ordinary types present in potato juice. 

To solve this problem, Q-enzyme preparations have been compared with salivary amylase (one of the 
purest enzymes of the «-amylase type) and with the amylase from soya bean, which we have found to be a 
better source of a pure @-amylase than any of the cereal grains. For the purpose of this comparison, the 
amylolytic effect of the three enzyme systems has been studied. To avoid needless complexity, potato starch 
has been replaced as substrate by its amylose component (separated from the whole starch by the “‘ thymol ” 
method mentioned in Part I). The course of amylolysis has been followed by the simultaneous determination 
of the blue iodine-staining power and copper-reducing power at successive stages of incubation. The “ blue 
value ’’ was measured in a Spekker absorptiometer and the ‘‘ copper number ”’ by the Shaffer-Hartmann micro- 
technique. The reducing power is quoted in terms of (a) apparent conversion to maltose and (b) the blue 
value at any stage in the digestion as a percentage of the initial blue value. 

The observations made are recorded in graphical form in Fig. 1, in which percentage blue value is plotted 





against the corresponding percentage conversion. This method of repgesentation is preferred to one involv- 
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ing the time of digestion as a factor, because it eliminates variations due to differences of effective concep. 
tration of the enzymes and more clearly demonstrates differences of type, rather than of rate, of reaction, 

Two preparations of Q-enzyme were used in these tests: Ql-preparation from comparatively yo 
potatoes, Q2-preparation from potatoes at a later growth stage when sprouting had begun. Reference to 
Fig. 1 shows that the Q2-preparation is much nearer in type to a-amylase than is Q1, although both are very 
different from 6-amylase. 

The shape of the B-amylase curve supports the accepted view of the course of action of this enzyme ag 
being the progressive shortening of the amylose chain by the splitting off of maltose units until the whole 
of the amylose is converted into this sugar. In consequence, reducing groups appear in the earliest stages 
of the reaction and as the reducing power of the digest augments, the blue value diminishes proportionately, 
The action of «-amylase is different in two particulars : the blue-staining amylose diminishes and ultimately 
disappears but there is not a proportionate increase in reducing power; instead, when the achroic point js 
reached, the copper number corresponds to an apparent conversion to maltose of less than 40%. Nevertheless, 
the liberation of reducing groups by a-amylase does not cease at the attainment of the achroic point but 
rather continues until higher reducing values are obtained. In the case illustrated, for instance, in Fig, | 
reducing groups are set free corresponding to an apparent 99% conversion of amylose to maltose.* The 
current explanation of this phenomenon is that the action of a-amylase involves the fragmentation of the 
amylose primarily into dextrins which are feebly reducing and do not stain with iodine. During the 
earlier stages of a-amylase action on amylose there is much evidence that no maltose is liberated but at later 
stages the main reaction is the saccharification of the achroic dextrins. With the Q-preparations an achroic 
point, such as is observed with both a- and B-amylase, never appears to be reached. The eye-observed blue 
stain of amylose changes to a red-purple and thereafter to a red colour which, with some Q-preparations, 
persists even after 9 days’ incubation. Although in the initial stages of «-amylase action the liberation of 
reducing groups is slight it is nevertheless quite definite and detectable. With the Ql-preparation (from 
“‘ resting ’’ potatoes), however, the major part of the degradation of the amylose, as represented by the dimin- 
ution of blue value, occurs without the appearance of any reducing groups at all. The Q2-preparation (from 
sprouting potatoes) does not show this effect to such an extent. The curves for Q2 and a-amylase almost 
coincide at first, although they ultimately diverge, the amylase digest becoming colourless while the Q2 digest 
still shows a small “ blue value.”’ 

It is almost axiomatic that a starch-bearing plant will develop amylases at some stage in its life cycle 
and there is no reason to except the potato from this rule. It is to be expected, therefore, that «- or B-amylase 
will be found in potato juice and we are inclined to the view that the differences between the two preparations, 
Q1 and Q2, may be ascribed to the possibility that Q2 contains a higher proportion of «-amylase (and perhaps 
6-amylase) than does Q1. The major amylolytic effect of Q-preparations is due, however, to an enzyme which 
is neither an «- nor a B-amylase. Until evidence to the contrary is found, it will be convenient to ascribe this 
amylolytic function and also the amylopectin-synthesising function to the same Q-enzyme. 

Further evidence that the amylolytic activity of Q-preparations is mainly due to an enzyme other than 
a- or f-amylase is supplied by a comparison of the effect on the three enzymes of (i) heat treatment and (ii) 
precipitation with alcohol. It is seen from Fig. 2 that if Q-enzyme is warmed to 55° for 15 mins. or if itis 
pre-treated by alcohol precipitation, its action on amylose is almost completely eliminated. It is otherwise 
with the amylases. Similar heat treatment of soya-bean amylase does not affect its activity and only slightly 
diminishes the activity of salivary amylase. Alcohol precipitation has no inhibitory action on the a-enzyme 
although it has a pronounced action on $-amylase. 

It would therefore seem to be justifiable to regard Q-preparations of potato juice as containing an enzyme 
which exerts an amylolytic function (at least, in so far as the amylose component of starch is concerned). 
This amylolytic action is characterised by the conversion of blue-staining amylose into a red-staining poly- 
saccharide without the concomitant liberation of reducing groups. This view assumes that the small reducing 
power which eventually develops with QI- and Q2-preparations (Fig. 1) is due to a residuum of amylase not 
removed by the preliminary treatment with kaolin to which the potato juice is submitted. 

If neither sugars nor reducing dextrins are produced by the action of pure preparations of Q-enzyme on 
amylose and if a red-staining polysaccharide is the only product, the phenomenon finds a reasonable inter- 
pretation in the assumption that the apparent amylolytic action of this enzyme is the conversion of the long, 
unbranched chain of amylose into the branched structure of amylopectin. This view received strong support 
when the properties of the polysaccharide formed by the action of the purest preparations of Q-enzyme on 
potato starch were examined. This polysaccharide, RS1, was soluble in water, stained reddish-purple with 
iodine and was non-reducing to Fehling’s solution. It was free from ash and was completely converted to 
glucose by acid hydrolysis. It was significant that the polysaccharide was not resistant to the action of 
B-amylase; on the contrary, it was converted into maltose to the extent of 42% by thisenzyme. This demon- 
strated that the Q-preparation was substantially free from $-amylase, the effect of which on whole starch 
would have been to convert the amylopectin component into dextrin-A and maltose. Dextrin-A, unlike RSI, 
is not attacked by B-amylase (Haworth, Kitchen, and Peat, J., 1943, 619). Furthermore, had the Q-prepar- 
ation contained a«-amylase or had its action been of the «-amylase type then, during its prolonged action om 


* This figure does not necessarily imply complete saccharification inasmuch as the amylase may liberate glucose 48 
well as maltose in the later stages of digestion. 
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starch, any dextrins in the products would have been non-staining and in small amount. Actually RS] was 
Bi _ obtained in a yield of 70% of the original starch. The “ blue value’”’ of the polysaccharide RS] measured 
ng ; ina Spekker absorptiometer was 0-117, corresponding to the value given by’a natural amylopectin containing 
3%, of amylose. j 
to | "it has not yet been proved that the polysaccharide RS1 is amylopectin; such proof will have to wait upon 
ry end-group assay and molecular weight determination. Nevertheless, all the evidence detailed above points 
to the conclusion that Q-enzyme has in fact converted the amylose component of whole starch into amylo- 
yr | pectin and that it has not effected the hydrolysis of the amylopectin component. Expressed in other words, 
m Q-enzyme has effected the conversion of potato starch into a red-staining starch of the waxy maize type. 
> 
ly. )\, Fic. 2. 
‘ly The effect of heat and alcohol treatment on Q-enzyme and amylases. 
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The last-named starch is reported to contain no amylose component (see, for example, Schoch, J. Amer 
on § Chem. Soc., 1942, 64, 2957; Bates, French, and Rundle, ibid., 1943, 65, 142). 
er- 
- EXPERIMENTAL, , 
art Liquefaction of Potato Starch Solutions.—Preparation of starch sols. The starch (5 g.) suspended in cold water 
_ (60 c.c.) was vigorously stirred into boiljng water (400 c.c.), the solution made up to 500 c.c. and stirred at 90° for one 
of # hour. It was then cooled to room temperature before use. 
ith The effect of ions. To a 1% potato starch solution (10 c.c.) was added water (1 c.c.) and the relative viscosity of 
to he solution was measured at 38° in an Ostwald viscometer; found: 7, 12-2, constant for 1 hour. To a second equal 
of volume of the same starch solution was added 4-6m NaCl (1 c.c.); found: 7, 2-5, constant for at least 20 mins. The 
sodium chloride instantaneously reduced the 7, of 1% potato starch from 12-2 to 2-5. 
ae The effect of dialysed potato juice. The potato juice, expressed under the conditions described in Part I, was 
ch § dialysed for 48 hours against running tap water (cellophane membrane). The protein precipitate which separated was 
31, § temoved on the centrifugé. _ The supernatant liquid was divided into two parts: (A) control; (B) the juice was boiled 
r- } 0r 10 minutes and filtered.' Viscosity measurements made at 38°. 


1% potato starch (10 c.c.) solution 
1% 


” ” ” ” 





+ lc.c. water: », 26-0 (constant) 
+ lc.c. boiled juice: , 6-8 (constant) 


When unboiled juice was used, the viscosity of the starch solution was not constant (see Table I). 
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TABLE I. 


Unboiled Juice (1 c.c.) + 1% Potato Starch (10 c.c.). 
Viscosity measured at 38°. 
Time after mixing (mins.), 2. 6. 12. 32. 52. 66. 120. 168. 198, 
Dy cvccncssnsovecoccececcsnccssocsccecs §6OOS 6-06 5-78 5°35 4-78 4-50 3-71 3-29 3-14 
Dialysis had not completely removed the ions from the juice since instantaneous liquefaction occurred with both 
the boiled and the untreated juice. With the latter there occurred a slow and progressive diminution of », which 


was not produced by the boiled juice. Clearly potato juice contains an enzyme which catalyses the liquefaction of 
starch solutions. 


The action of ammonium sulphate precipitated juice. P- and Q-Fractions of potato were prepared as described 
in PartI. The liquefying effect was determined with the results shown in Table II. 
P-Enzyme solution (1 c.c.) + potato starch solution (10 c.c.); m,- 3-58, constant for one hour. 


TaBLeE II. 
Q-Enzyme Solution (1 c.c.) + 1% Potato Starch (10 c.c.). 


Viscosity measured at 38°. 
Time after mixing (mins.). 5. 15. 30. 40. 65. 
Nr + 2-03 1-60 1-43 1-37 1-26 


Alcohol precipitated Q-enzyme. The Q-enzyme solution was precipitated by the addition of 3 vol. of ethanol. The 
precipitate was washed and redissolved in water. This enzyme solution (1 c.c.) + 1% potato starch (10 c.c.) were 
incubated at 38°; 7, was constant at 3-1 for 1 hour. 

Heat-treated juice. Potato juice was maintained at 65° for 15 mins. The precipitate which separated was removed 
by being centrifuged. The supernatant liquid had no liquefying property: 1 c.c. of supernate + 1% potato starch 
(10 c.c.) at 38° showed 7, 3-1, constant for 1 hour. 

Conclusions. The liquefying enzyme is found in the Q-fraction but not in the P-fraction of potato juice. It is 
destroyed by contact with 75% alcohol and by being heated to 65° for 15 mins. 

The Enzymic Hydrolysis of Amylose.—Q-enzyme was prepared from potato juice by the fractionation procedure with 
ammonium sulphate, described in Part I. The Ql-preparation (Part I, p. 880) was from new King Edward potatoes, 
Q2-preparation from sprouting potatoes. 

p-Amylase from soya bean. Claims had been made that a f-amylase free from a-amylase was obtainable from soya 
bean, but no details of the extraction were available. The following method was found to give a satisfactory product. 
Soya bean flour (75 g.) was shaken for 18 hours with 20% aqueous alcohol (380 c.c.). The residue was removed by the 
centrifuge and the alcohol concentration of the extract was increased to 65%. B-Amylase was thus precipitated. It 
was separated by the centrifuge, washed with alcohol and ether and dried under reduced pressure over P,O,; weight 
2-7 g. Maltase was not present in this preparation, for when it was incubated with maltose at pH 4-8, there was no 
increase in reducing power in 24 hours. The f-amylase from ungerminated wheat has been found almost invariably 
to contain maltase. : 

a-Amylase from saliva. Saliva (5 c.c.) was diluted with water (5 c.c.) and the precipitate of mucin removed by the 
centrifuge. The supernatant liquid was usually diluted 100 times before use. Maltase was shown to be absent by 
incubation with maltose, no increase in reducing power occurring. 

** Thymol”” Amylose.—The amylose used as substrate in these experiments was separated from whole potato starch 
by precipitation with thymol. Details of this method will be published elsewhere. The ‘‘ blue values ”’ (B.V.) of the 
specimens of amylose used, when measured with a Spekker absorptiometer by the method of McCready and Hassid 
(J. Amer. Chem. Soc., 1943, 65, 1154), were 0-95, 1-10,and 1-14. The ‘‘ percentage conversion to maltose’ was measured 
by the copper-reduction micro-method of Shaffer and Hartmann (J. Biol. Chem., 1921, 45, 377). 

Method of Determining the Blue Value/Copper Number Relation.—(a) For Q-enzyme. A fresh sample of Q-enzyme 
was prepared each day. The enzyme from potato juice (300 c.c.) was dissolved in water (180 c.c.) and was used as such 
in the following digests : 

Digest A. Amylose (100 mg.) dissolved in 5N NaOH (5 c.c.) + water (15c.c.), The solution was exactly neutralised 
before use with 5n HCl. To this neutral solution were added citrate buffer (pH 6-0) (20 c.c.) and Q-enzyme solution 
(30 c.c.) and the solution was made up to 80 c.c. with water. A layer of toluene maintained aseptic conditions. 

Digest B. As (A) except that amylose was not present. 

Digest C. As (A), but using a boiled and filtered Q-preparation. 

The digests were incubated at 35-5°. At intervals an aliquot portion (2—5 c.c.) of each digest was removed and 
the reducing power estimated by the Shaffer-Hartmann method. The difference in reducing power between digests 
A and B represented reducing groups liberated by the action of the enzyme on amylose. Any difference between digests 
(B) and (C) would represent reducing groups liberated by the boiled Q-preparation. The increase in reducing power 
during digestion is recorded as percentage apparent conversion to maltose. At the same time, 4 c.c. (= 5 mg. of initial 
amylose) of each digest were taken and the blue value estimated under the standard conditions of McCready and Hassid 
(loc. cit.). The blue value observed was recorded as a percentage of the initial blue value of the amylose used. 

I 








TaBLeE III. 
Action of Ql-preparation on amylose (B.V. 1-10). 
With Q-enzyme. With boiled Q-enzyme. 

Apparent % con- Iodine Spekker Apparent % con- Iodine Spekker 

Time. version to maltose. stain. reading. version to maltose. stain. reading. 
2 mins 0 BP 1-06 0 B 1-10 
40 ,, 0 P 0-88 0 B 1-11 
80 ,, 0 P 0-75 0 B 1-10 
120 ,, 0 P 0-68 0 B 1-10 
160 ,, 0 RP 0-61 0 B 1-10 
22 hrs. 19 —_ 0-35 0 B 1-06 


B = blue; R = red; P = purple. 
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A typical result for a Q-preparation (Ql) from non-sprouting King Edward potatoes is given in Table III and for 
4 preparation (Q2) from sprouting potatoes in Table IV. 
TABLE IV. 
Action of Q2-preparation on amylose (B.V. 1-10). 
On amylose. 


— ™~ 





Apparent % con- Iodine Spekker 

Time. version to maltose. stain. reading. 
3 mins. 0 B 0-950 
40 ,, 16 RP 0-252 
80 ,, 30 Cc 0-103 
135 _,, 46 Cc 0-086 


21 hrs. 55 Cc _ 
: ; C = no stain. 
(b) For B-amylase. Typical results for soya bean f-amylase are given in Table V (at pH 4°8) and Table IX (at 
pH 6-0). Estimations of reducing power and blue value were made as for Q-enzyme. 
TABLE V. 
Amylose, B.V. 1-10. 


Digest A. Amylose (100 mg.) dissolved in aikali and neutralised, acetate buffer (pH 4-8) (12 c.c.), 0-04% B-amylase 
solution (20 c.c.), water to 100 c.c., toluene preservative. 
Digest B. Amylose (60 mg.), acetate buffer (pH 4-8) (12 c.c.), 001% fB-amylase (20 c.c.), water to 100 c.c., toluene. 








Digest A. Digest B. 
Time % conversion Iodine Spekker % conversion Iodine Spekker 
(mins.). to maltose. stain. reading. to maltose. stain. reading. 
2 9 ' B 1-00 — B 1-03 
35 70 B 0-360 30 B 0-79 
65 77 B(F) 0-190 53 B 0-64 
125 87 Cc 0-110 58 B 0-47 
(F) = faint. 


(c) For a-amylase. Typical results for salivary amylase, diluted as described above, are shown in Table VI. Estim- 
ations of reducing power and blue value were made as for Q-enzyme. 


TABLE VI. 


Amylose, B.V. 0-95. 


Digest A. Amylose (100 mg.) dissolved in alkali and neutralised, acetate buffer (pH 4-8) (12 c.c.), a-amylase (20 c.c.), 
water to 100 c.c., toluene. 

Digest B. Amylose (100 mg.), citrate buffer (pH 6-0) (20 c.c.), a-amylase (30 c.c.), water to 80 c.c., toluene. 

Estimations made on volumes equivalent to 5 mg. of amylose in each case. 











Digest A. Digest B. 
% conversion Iodine Spekker % conversion Iodine Spekker 
Time. to maltose. stain. reading. to maltose. _ stain. reading. 
3 mins. — B 0-93 . 144 - 0-51 
30 ,, 8-5 RP 0°55 — — -— 
60 ,, 10-1 RP 0-385 — C 0-0 
90 ,, 12-2 RP 0-310 — — — 
105 _,, —_ — — 87-0 C 0-0 
120 ,, 12-9 RP 0-280 — — —- 
24 hrs. 29-7 R 0-051 95-0 Cc 0-0 


The Effect of Heat and Alcohol-precipitation on the Enzymes.—(a) On Q-enzyme. The Q-preparation from potato 
juice (300 c.c.) was dissolved in water (180 c.c.). The enzyme solution was divided into three equal parts, the first of 
which was not treated; the second was heated at 55° for 15 mins., rapidly cooled and filtered. To the third was added 
tthanol (3 vols.) with rapid stirring at 0°. The mixture was kept at 0° for 10 mimns., after which it was centrifuged 
and the precipitate redissolved in water (1 vol.). The results are given in Table VII. 


TABLE ‘VII. 
Amylose (B.V. 0-95). Q-Enzyme. 
Digest A. Amylose (100 mg.) dissolved as before, citrate buffer (pH 6-0) (20 c.c.), Q-enzyme solution untreated 
(30 c.c.), water to 80 c.c., toluene. 


Digest B. As digest (A), using heat-treated Q-enzyme. 
Digest C. As digest (A), using alcohol-precipitated Q-enzyme. 














Untreated enzyme. Heated enzyme (55° for 15 mins.). _ Alcohol-precipitated enzyme. 
: Spekker Spekker Spekker 
Time. Iodine stain. reading. Iodine stain. reading. Iodine stain. reading 
3 mins. BP 0-870 B 0-920 B 0-940 
a 6s RP 0-530 B 0-890 B 0-870 
oo RP 0-440 B 0-850 B 0-820 
20 hrs. Cc 0-118 P 0-460 P 0-370 
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(b) On a-amylase of saliva. The salivary amylase, prepared as described, was shown to be free from maltase, 


TABLE VIII. 
Amylose (B.V. 0-95). «-Amylase. 
Digests A, B, and C, made up as for Q-enzyme (Table VII). 
Untreated enzyme. Heated enzyme (55° for 15 mins.). 


a eS 


Alcohol-precipitated enzyme, 











Spekker Spekker Spekker 

Time Iodine stain. reading. Iodine stain. reading. Iodine stain. reading, 
3 mins RP 0-490 B 0-830 RP 0-510 
 w Cc 0-000 R 0-116 Cc 0-000 
90 ,, Cc 0-000 R 0-000 Cc 0-000 
20 hrs. Cc 0-000 Cc 0-000 Cc 0-000 


(c) On B-amylase of soya bean. A 0-015% solution of the enzyme was used in the following digests, at pH 6-0. 


TABLE IX. 
Amylose (B.V. 1-14). 8-Amylase. 
Digests A, B, and C, made up as for Q-enzyme. 
Untreated enzyme. Heated enzyme (55° for 15 mins.). 


~ 


Alcohol-precipitated enzyme. 














Time Spekker Spekker Spekker 
(mins.) Iodine stgin. reading. Iodine stain. reading. Iodine stain. reading, 
5 B 1-00 B 1-02 B 1-06 
50 B(F) 0-296 B(F) 0-327 B 0-99 
95 B(F) 0-180 B(F) 0-195 B 0-95 
155 B(F) 0-148 B(F) 0-148 B 0-87 


The effect of heat and alcohol treatment on Q-enzyme, a-amylase, and f-amylase is illustrated in Fig. 2. 

The Action of Q-Enzyme on Whole Starch.—Isolation of a ved-staining polysaccharide (RS1). Dry potato starch 
(41-7 g.) was dissolved in water (2 1.) in the usual way. The solution, covered with a layer of toluene, was cooled to 
room temperature and Q-enzyme solutions from young potatoes were added daily until the digest stained reddish- 
purple with iodine. At this stage only very slight reducing power had developed. 

The digest was boiled, centrifuged, and concentrated at 50°/15 mm. to half volume. The polysaccharide was 
then precipitated by the addition of methylated spirits (3 1.). It was separated by centrifuging, redissolved in water 
(1200 c.c.) and dialysed against running tap water for 3 days to remove inorganic material. A further small quantity 
of protein separated when the solution was boiled. The polysaccharide was reprecipitated by the addition of methylated 
spirits (4 1.), washed with acetone and dried under reduced pressure at 40°; yield : 68% of the starch. 

Acid hydrolysis of polysaccharide RS1. The dried polysaccharide (20—30 mg.) was heated under reflux with 7% 
sulphuric acid (25 c.c.). for 12 hours. The cooled solution was neutralised with 5n NaOH and diluted to 100 c.c. The 
glucose in this solution was estimated by removal of 5 c.c. portions for analysis by the Shaffer-Hartmann method ; found: 
conversion to glucose, 101%. 

Hydrolysis of polysaccharide RS1 by B-amylase : 





Digest. Polysaccharide (30 mg.), water (34 c.c.), acetate buffer (pH 4-8) (6 c.c.), 0-2% B-amylase (10 c.c.), toluene. 
Each digest at 35-5° was carried out in duplicate. Results are given in Table X. 
TABLE X. 
Time of digestion. 
Polysaccharide. 5 mins. 30 mins. 1} hrs. 2} hrs. 34 hrs. 43 hrs. 53 hrs, 
RSI . E- 18-4 46-5 §2-2 a 57-0 57-7 58-7 
B seckinavs 14-5 38°8 48-2 51-5 53-3 52-6 55-2 
“* Butanol ’’- {i ink dieneydenanens — 26-0 41-5 47-6 — 49-4 50-4 
amylopectin'2 ............see eee — 24-1 43-2 47-6 — _ 51:7 
2 hrs. 4 hrs. 6 hrs. 8 hrs. 11 hrs. 224 hrs. 28 hrs. 
** Butanol ”’- f. a 52-7 63-5 73°5 79-5 90-5 99-6 
amylose D mminnmense “Fe _— 63-4 72-7 79-7 91-0 98-0 


The authors wish to express their warmest thanks to Professor W. N. Haworth, F.R.S. 


A. E. Hits LABORATORIES, THE UNIVERSITY, EDGBASTON, BIRMINGHAM, 15. [Received, August 25th, 1945.] 
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aB-Unsaturated Aldehydes. 


By P. B. D. DE LA Mare and P. W. RoBERTson. 


Acid-catalysed addition of chlorine and bromine to cinnamaldehyde, crotonaldehyde, and acraldehyde in 
acetic acid solution shows reaction kinetics and relative velocities indicating a nucleophilic mechanism. Although 
erchloric, sulphuric, and nitric acids have catalytic activities in the order of their acid strengths, yet hydro- 
romic and hydrochloric acid show an enhanced activity, due to HBr, (and possibly HCIBr, and HCl,) form- 
ation. The addition of water to the acetic acid solution reduces the nucleophilic rate; with sufficient water 
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ene. 
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the electrophilic reaction is established, and further dilution with water increases the rate. The.addition of 
sodium acetate to the acetic acid solution eliminates the acid-catalysed reaction, and the expected electrophilic 
order is found for chlorine addition in the series CHPh:CH-CO,Et > CHPh:CH-CHO > CHPh:CH:NO,. 


PRELIMINARY Observations (J., 1939, 1509) indicated that addition of bromine and chlorine to «§-olefinic 
aldehydes in acetic acid solution is catalysed by hydrochloric and sulphuric acids, whereas these acids do 
not influence the rate of electrophilic halogen ‘addition, e.g., to allyl acetate. The acid catalysis of bromine 
addition to af-unsaturated acids was also reported (this vol., p. 129), and the suggestion made that in these 
‘reactions a nucleophilic mechanism might be operating. The possibility of nucleophilic bromine addition 
was envisaged by Ingold and Ingold in their comprehensive analysis of the conditions determining halogen 
addition (J., 1931, 2354). Kinetic considerations and a comparison of the relative reaction rates of similar 
compounds make it probable that both bromine and chlorine may initiate an attack on a positive carbon 


atom, the charge on this atom being acquired by the addition of a hydrogen ion, CHR:CH-CHO + H —_ 
CHR-CH:CH-OH. ; 


The effect of different acids on the rate of bromine addition to cinnamaldehyde is shown in the accom- 
panying figure. The specific conductivities (x 10*) of the m/320-acids in acetic acid at 25° are: HClO, (3-4), 
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H,SO, (0-28), HNO, (0-011) (Kolthoff and Willman, J. Amer. Chem. Soc., 1934, 56, 1007). As the corre- 
sponding relative rates of bromine addition are: HClO,, 8; H,SO,, 4; HNO,, 1, it is apparent that these 
rates are a function of the acid strength, but are not proportional to the hydrogen-ion concentration. The 
simple mechanism (1) must therefore be rejected. 


A + Ht > A,H+ ; A,H*+ + Br, —> ABrBr + Ht SO ae ee ee ae ee 


(In the formulations and discussions which follow, reference throughout is made to hydrogen ions, irre- 
spective of the fact that they are largely present as H,OAc*.) 
The alternative process (2) is therefore suggested : 


1 3 
A + H+ A.Ht; A,H+ + Br, A,Br, + H+; A,Br,—>ABrBr. . . . . (2) ss 
2 
By application of the method of stationary concentrations 
—d[Br,]d/t = k,ksk,[A)[Br,)[H*)/(kaks + 2k [H*] + 23%,[Bre]) . . . . « « (8) 
If k, is small relatively to the other constants, this expression assumes the simplified form 
—d{Br,]/d¢ = A[A}[Br,J[H*}/(1 +4 [H*]). . . .- ...... (@ 


This would require second-order kinetics for A.and Br,, and hydrogen-ion catalysis becoming less effective 
with increased hydrogen-ion concentration, as is experimentally found. A further consequence, if k, is 


relatively very small, is that a finite time might elapse before the attainment of stationary concesfrations. 
30 
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This would involve an initial retardation and would show itself in the rising bimolecular coefficients that 
characterise these reactions. An alternative explanation of this effect would be autocatalysis by hydrobromic 
acid; actually the amount of this acid present at the end of the reaction is very small, but on the other hand 
its catalytic power is considerable. 

In view of the complicated nature of the expression (3), it is not surprising that one of the reactions 
examined (acraldehyde + chlorine catalysed by sulphuric acid) has been found to have a reaction order with 
respect to aldehyde and halogen of less than 2 (”, m/80—m/160, = 1-6). 

With regard to the catalysis by hydrobromic and hydrochloric acids of the reaction between cinnamaldehyde 
and bromine, it is found that these acids exert a greater influence than is expected from their relative acid 
strengths in acetic acid (HCIO, > HBr > H,SO, > HCl > HNOQ,). This is shown by the rates of bromine 


addition for m/80-reactants + } mol. of acid in acetic acid at 24°. e 
HCIO,. HBr. H,SO,. HCl. HNO,,. 
ROE eerie "Oe ~300 3-4 24 ~0'8 


The considerable catalysis by hydrobromic acid is attributed to the formation of HBr;,, an active nucleo. 
philic reagent, for which 1 : 4 addition has been proposed (Part V, this vol., p. 129). Although there is no 
evidence for the existence of HCIBr, in acetic acid solution, it is theoretically possible, and its formation 
would explain the abnormally high catalysis by hydrochloric acid. Similarly, this acid is an especially active 
catalyst in acid-catalysed chlorine addition (and the effect could be explained by HCl, formation) as is seen 
in the rates for cinnamaldehyde and chlorine (each M/80) + } mol. of acid in acetic acid at 24°, corrected by 
subtraction of the electrophilic rates, k, (NaOAc) = 1:8: 


HCIO,. H,SO,. HCl. 
SIA, ccsiscibicnciiaanans Te 1-3 51 


The theory of nucleophilic halogen addition is also in accord with the order of reactivity for related com- 
pounds in these reactions. Thus the more strongly electron-attracting aldehyde group is superior in its effect 
to the weaker carboxyl group, as is indicated for bromine addition in acetic acid at 24° : 


CHMe:CH-CO,H. CHMe:CH-CHO. 
il INS iconic dicoscsterenercescons ~0-01 ~1000 


Correspondingly, the electrophilic order (shown, z.g., by addition of chlorine to the acids CHR‘CH-CO,H) 
may become reversed in the nucleophilic acid-catalysed addition of chlorine to the corresponding aldehydes, 
as illustrated by the following velocities in acetic acid at 24°: 


CHPh:CH-CO,H. CHMe:CH:CO,H.  CH,:CH-CO,H. 


Dis: sesctssiininideriaintndtascaubenepnendttinnisclocmenvies 5-0 0-62 0-017 
CHPh:CH:CHO. CHMe:CH:-CHO. CH,:CH:-CHO. 
Corrected ky, M/80(}H,SO,) .........-..00068. 13 (m = 2-0) 43 (mn = 1-9) 35 (n = 1-6) 


Such a comparison, however, loses its meaning when the kinetic order of the reaction changes: in the 
above series the rate of addition of chlorine to crotonaldehyde is greater or less than that to acraldehyde 
according to the concentration chosen for the comparison. 

In electrophilic addition, chlorine reacts more rapidly than bromine (J., 1939, 1513), whereas the nucleo- 
philic rates, as illustrated by the above reactions, may be reversed. The two modes of halogen addition also 
show a difference with regard to the effect of illumination. Electrophilic addition of bromine is photosensitive, 
whereas its acid-catalysed addition to cinnamaldehyde in acetic acid is not accelerated by light (see figure). 

The retarding influence of added water on HBr, addition in acetic acid was first demonstrated for acrylic 
acid (Part I, J., 1937, 335), and later found also for maleic acid (Nozaki and Ogg, J. Amer. Chem. Soc., 1942, 
64, 709). It was consequently to be expected that acid-catalysed nucleophilic halogen addition to unsaturated 
aldehydes should reveal a similar deceleration. Perchloric acid is a favourable catalyst for this comparison, 
as it is a strong acid both in acetic acid and in aqueous solution. The rates of addition of bromine to cinnam- 
aldehyde (both m/80) + 4 mol. of perchloric acid in acetic acid—-water mixtures at 24° are : 


BN Sais eencen 000 1-0 2-0 4-9 10 20 
ea. 1-4 0-63 0-40 bl ~10 


With ca. 5% of added water the electrophilic reaction begins to take control, and further dilution of the 
acetic acid increases the rate in the manner characteristic of electrophilic halogen addition. The conditions 
determining the decelerating influence of water in the nucleophilic reaction are liable to be complex, as all 
the constants in the rate expression (2) may be affected by the alteration in the solvent medium. 

As sodium acetate is a base in acetic acid solution, it represses the hydrogen ion catalysis; the rates of 
halogen addition to the unsaturated aldehydes are then for the electrophilic reactions, and in a series of com- 
pounds containing electron-attracting groups of increasing power there is a descending order. The following 
rates have been obtained for chlorine addition in acetic acid at 24° : 


CHPh:CH:CO,Et. . CHPh°:CH-CHO. CHPh:CH:NO,. 


Bag accede cccscc soe secsoeser sce see see 10-0 1-8 * 0-020 
* m/80 + m/80-NaOAc. ; 








the 
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EXPERIMENTAL. 


The solvent acetic acid, bromine, and chlorine were purified as described in previous communications. As these 
acid-catalysed halogen additions are sensitive to small variations in the water content of the acetic acid, a bulk sample, 
m. p. 16-4°, was used for all the measurements now recorded. The solutions of the halogens in acetic acid were pre- 

ed before each set of measurements and used within 12 hours, for after that, especially if exposed to light, they con- 
tain traces of hydrochloric or hydrobromic acid sufficient to cause a measurable catalysis. Cinnamaldehyde, b. p. 
120°/15 mm., crotonaldehyde, b. p. 102°/760 mm., and acraldehyde, b. p. 53—54°/760 mm., were fractionally distilled 
before use. The standard acid solutions were prepared from perchloric, sulphuric, and nitric acids by adding them 
to acetic acid with the theoretical amount of acetic anhydride to combine with the water; hydrochloric and hydro- 
promic acid solutions were standardised before measurements. . 

Times (¢) are given in minutes; percentages of bromine absorption (*) are corrected for slight deviation from m/80 
and m/160, and values of k, are in g.-mols./l., mins. Unless otherwise stated, the solvent is acetic acid and the 
temperature 24°. Herewith is a typical experiment: reactants m/80 + } mol. of sulphuric acid : 


1 M1. of 0-150m-cinnamaldehyde + 1 ml. of 0-0415m-H,SO, + 5 ml. of HOAc + 5 ml. of 0-0307M-Br,; 1-965 ml. 
pipetted into 5% KI soln. and titrated with 0-0125n-Na,S,0,. 


RRS, Ee 1-06 3-55 7-70 17-6 
TIE GEES cemnrcicrnsvenee O00 3-97 3-64 2-89 1-51 


From a curve, with additional points from a second experiment, ¢(7 = 20) = 5-8, t(x = 50) = 12-0. 

Other results are summarised below, as times for x = 20 and = 50 in that order, except where otherwise stated. 

Cinnamaldehyde + Br,: Reactants, m/80; 0-077M-HCI1O,, 1-0, 1:7; 0-0035m-HCIO,, 2-7, 5-8; 0-00175m-HCIO,, 
3:8, 8-4; 0-0032mM-HCI, 0-88, 2-0; 0-0033M-HNO,, 24 (* = 20); 0-012m-NaOAc, 705 (* = 20). Reactants, m/160; 
0-0035m-HCI1O,, 5-8, 12-2 (hence with m/80 values, and same concentration of H,SO,,» = 2-0). Reactants, m/80, 39-5°; 
0-0035mM-HC1O,, 1-2, 2-7. 

Cinnamaldehyde + Cl,: Reactants, m/80; 0-077M-HCIO,, 2-4, 7-5; 0-0035m-HCIO,, 4-4, 17-1; 0-0032m-HCI, 2-9, 
9-8; 0-0032M-H,SO,, 6-5, 21-0; 0-012mM-NaOAc, 10-9, 47-0. 

Crotonaldehyde + Br,: Reactants, m/80; 0-0032mM-H,SO,, <0-2 (+ = 50); 0-012m-NaOAc, 164, 363. 

Crotonaldehyde + Cl,: Reactants, m/80; 0-0036m-H,SO,, 0-46, 0-95; 0-0032mM-HCl, <0-3 (x = 50); 0-012m-NaOAc, 
49 (x = 20). Reactants, m/160; 0-0036m-H,SO,, 0-82, 1-84. 

Acraldehyde + Cl,: Reactants, m/80; 0-0036m-H,SO,, 0-56, 1-27; 0-062m-NaOAc, 155 (¥ = 20). Reactants, 
u/160; 0-0036M-H,SO,, 0°83, 1-84. 


Our thanks are due to Mr. N. D. Jamieson for his preliminary measurements on these compounds. 


VicTORIA UNIVERSITY COLLEGE, WELLINGTON; N.Z. (Received, September 3rd, 1945.] 





236. The Kinetics of Halogen Addition to Unsaturated Compounds. Part IX. 
Nitrocinnamic Acids. 


By I. HartMaAN and P. W. RoBERTSON. 


The rates of electrophilic addition of chlorine to the methyl nitrocinnamates have been measured in acetic 
acid solution. Those of HBr, addition to these esters in chloroform solution, and to the acids in acetic acid solu- 
tion, have also been investigated. The relative velocity order, m > p > o, remains the same for each type of 
reaction, and the results are discussed with reference to electronic theory. 


Tue rates of bromine addition to cinnamic acid and its derivatives have been reported by various observers 
(Sudborough, J., 1910, 97, 715, 2450; Williams and James, J., 1928, 343; Hanson and James, J., 1928, 1955, 
2982; Hanson and Williams, J., 1930, 1059; Robinson and James, J., 1933, 1453; Jones and James, J., 
1935, 1600). These measurements, however, were for the most part in carbon tetrachloride or chloroform 
solution, and in these solvents the reactions tend to be slow and are frequently autocatalytic. The estab- 
lishment of the reaction mechanisms for halogen addition to the af-olefinic acids (Part V, this vol., p. 129) 
has led to the examination of the nitrocinnamic acids, and their more soluble methyl esters, under conditions 
for which the reaction mechanism is known. 

Chlorine addition to af-olefinic acids in acetic acid solution proceeds by an electrophilic mechanism. The 
following are the bimolecular rates of addition of chlorine to methyl cinnamate and its nitro-derivatives in 
acetic acid at 24°: 

Methyl cinnamate.  m-NQ,. p-NOQO,. , o-NO,. 
10-0 0-011 0-0049 0-0011 


There is the expected reduction in rate due to the electron-attracting nitro-group, and this effect is greater 
in the p- than in the m-position, where the inductive effect only operates. The still slower rate for the o-com- 
pound is attributed to steric hindrance. According to the theory proposed by Roberts and Kimball (J. 
Amer. Chem. Soc., 1937, 59, 947) to explain trans-halogen addition to ethylenic compounds, the addition of 
the second halogen atom involves a steric (Walden) inversion, for this type of compound, at the §-carbon 
atom of the system. This inversion is hindered, but not prevented, by an o-nitrophenyl group in the 6-position. 
The possibility of such stereo-hindrance has been discussed by Willstaedt (Ber., 1931, 64, 2688) for the halogeno- 
cinnamic acids: o-chlorocinnamic acid adds bromine more slowly than its p-isomer, and in the o-compounds 
the rate sequence is F >Cl >Br>I. These observations, however, were approximate only, as the 
Measurements were: carried out in saturated solutions in presence of the solid phase. This type of steric 
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hindrance becomes especially evident in a compound such as coumarin, owing to the locking caused by the 
ring structure. The low rate of addition of bromine to coumarin has been reported, and is now confirmed 
for addition of chlorine in acetic acid solution (cinnamic acid, k, at 24° = 6-2; coumarin, k, at 24° — 0-0030). 

With phenylpropiolic acid derivatives such steric hindrance is not to be expected, and this is confirmed 
by the small rate difference between the potassium nitrophenylpropiolates for iodine addition in alcoholic 
solution: hk, (p) = 4:9 x 10; hk, (0) = 6-4 x 10 (James and Sudborough, J., 1907, 91, 1037). Ina relateg 
reaction that requires electron accession at the point of attack, viz., chlorine substitution of the nitrodiphenyls, 
there is likewise no expectation of steric hindrance for the o-compound, and its rate is approximately the same 
as that for its p-isomer. This is shown by the following bimolecular rates; the value for dipheny] is included 
for comparison, and in the two electrophilic reactions, substitution of chlorine in the diphenyls and addition 


of chlorine to the cinnamic acids, the influence of the p-nitro-group is of the same general order. 
Ph:Ph. Ph:C,H,NO,(p). | Ph-C,H,-NO,(0). 
he (HOAc,H,O 10%) 24° .....ecesececeeeee 1-5 0-0029 0-0022 


The mechanism of HBr, addition to «f-olefinic acids appears to be electrophilic when there is considerable 
electron accession to the ethylene link, as in 6$-dimethylacrylic acid, and nucleophilic when such electron 
accession becomes small, as in acrylic acid. For compounds of the second type, addition of bromine is slow 
and that of HBr, relatively rapid, so that hydrogen bromide acts as a catalyst for the former addition. The 
nitrocinnamic acids, owing to the electron attraction of the nitro-group, should behave like acrylic acid, and 
correspondingly show marked catalysis by hydrobromic acid, whereas for cinnamic acid itself the catalysis 
should be relatively small. This is experimentally found, and the following bimolecular rates have been 
obtained for m/30-reactants + 0-015M-HBr in chloroform solution : 


Methy] cinnamate. m-NOx. p-NO,. o-NOQO,. 
Bag (BE) ccc cccccecccvecccecoscee tec 0-033 0-0076 0-0041 0-00081 


As in the electrophilic addition of chlorine, there seems to be a steric effect for the o-compound, and the * 
rate order m > p remains the same for both modes of reaction. A further comparison shows that the nitro- 
cinnamic acids have a lower nucleophilic rate than acrylic acid, as is seen from the values for HBr, addition, 
i.e., M/80-reactants + m/80-HBr in acetic acid solution : 


CH,:CH-CO,H. m-NO,°C,H,*CH:CH’CO,H. -NO,°C,H,-CH:CH-CO,H. 
eae ene 0-44 0-0057 0-0033 
‘These rates are for the tvans-stereoisomers, whereas a stricter comparison would be one between acrylic 
acid and the cis-compounds. If such a comparison were made (the ratio for HBr, addition to maleic and 
to fumaric acid is 15: 1) the nucleophilic rate for the cis-nitrocinnamic acids must still be considerably less 
than that of acrylic acid. This effect can be explained by electronic considerations. The conjunction of 


Oo = -_ + = 
x a > & + + + 
o% N=C_ tH ~Sc-oH | ” "Soon ) — "\coH 
re) HO O% HO oO” 
(I.) (II.) (III) 


the two electron-attracting groups involves an unfavourable resonance structure (I) having adjacent polarities, 
with the consequence that the likelihood of nucleophilic attack on the 6-carbon atom is reduced. Conse- 
quently, the @-nitrophenyl derivatives have a lower nucleophilic rate than acrylic acid, and the p-nitro- 
compound reacts more slowly than the m-isomer. 

Similar considerations explain the magnitude of the nucleophilic rates of HBr, addition to the dibasic 
unsaturated acids, reported previously (this vol., p. 129), but only partly discussed. There is a similar un- 
favourable structure (II) for maleic acid, whose HBr, addition rate (4k, = 0-13, the half rate being com- 
parable as there are two symmetric points of attack) is lower than that of acrylic acid (k, = 0-50). On the 
other hand, trans-glutaconic acid (k, = 0-090), for which adjacent polarities are not, established (III), has a 
higher rate than tvans-crotonic acid (k, = 0-051) for HBr, addition. 

The electron-repelling methyl group increases the rate of electrophilic addition in accordance with theory, 
and the relative effects of methyl and. the nitro-group are shown by a comparison of the compounds, 
p-C,H,X-CH:CH-CO,H : 

X: Me. H. NO,. 
Cl, addition, rel. rateS .........csccsecceceecesceeeeeceeees 16 1 0-0005 


EXPERIMENTAL. 


The compounds used were methyl] nitrocinnamates, o-, m. p. 72°, m-, m. p. 125°, p-, m. p. 160°; nitrocinnamic acids, 
m-, ™m. p. 195°, p-, m. p. 284°; p-methylcinnamic acid, m. p. 194°; cinnamic acid, m. p. 134°; methyl cinnamate, m. p. 
34°. The solvents, acetic acid and chloroform, and reagents, bromine and chlorine, were purified as previously described. 

For the fast additions of chlorine the modified procedure for volatility correction (J., 1943, 279) was employed. 
The following values in acetic acid solution at 24° are from curves relating additio My (x) to time (mins.): methyl 
cinnamate, m/20, x = 50, t = 2-0, kz = 10-0; ethyl cinnamate, m/20, « = 50, ¢t = 2-0, kg = 10-0; cinnamic acid, 
m/40, x = 50, t = 6-0, k, = 6-6 (earlier value 6-2; J., 1939, 1511); phenylpropiolic acid, m/40, x = 50, t = 17-0, ky = 
2-4 (showing that addition of chlorine, like that of bromine, to phenylpropiolic acid is slower than to ¢rans-cinnamic 
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acid, and still slower than to cis-cinnamic acid, k, = 21). Addition of chlorine to o-nitrophenylpropiolic acid, like that 
of bromine to propylpropiolic acid, is accompanied by polymerisation. -Methylcinnamic acid, + = (a) 55, (b) 58, 
{= 0°50, kp = 103. — 

In the slow additions of chlorine the reaction vessel was opened only once, the experimental results for the methyl 
nitrocinnamates in acetic acid at 24° being, for m/20-reactants : 


SK | ae F | wer (b) ¢= 300, x = 13-7 
PE, wsstrsithriceusintigicimen: Canoes (b) ¢= 360,% = 7-7 
o-NO, ; tana’ (a) t = 240, x = 2-0 (b) ¢= 1440,% = 75 


Measurements of the-rates of HBr, addition to the methyl nitrocinnamates were made by Hanson and Williams 
(loc. cit.) in chloroform solution at 0° [v = 25; times (hours), m- 230, p- 120, o- 155] but no reference was made to the 

ibility of loss by volatility. We have found that solutions of hydrogen bromide in chloroform very readily lose 
ydrogen bromide—as much as 50% on dropping from a pipette into the reaction vessel. The method of experiment 
adopted was to make up reaction mixture from 2 ml. of m/10-methyl nitrocinnamate, 2 ml. of 0-045m-hydrogen bromide 
(stock solution tested before experiment) delivered with the pipette under the surface of the liquid, and finally 2 ml. of 
u/l0-bromine. The reaction vessel (stopper specially ground until no volatility loss could be detected) was opened 
only once, and, after addition of potassium iodide, the total contents were titrated with sodium thiosulphate. Both 
sets of experiments (a) and (b) were started together in each case. 


Methyl cinnamate ...............00.. (@) #= 120, = 100 (6) ¢= 360, x = 31-4 
SNE biscunessiscisssanscetepewens Gb s Gt) ay 0 a8 Dee (b) ¢ = 1440, x = 28-9 
a ng OE ae Ce Oe (b) ¢ = 1440, x = 175 
DME wshcitdainehandonbiagsnnbedsbels (a) t= 1440,% = 4-0 (b) t = 2880, % = 76 


A similar technique was employed for measurements of HBr, addition to the nitrocinnamic acids in acetic acid at 
24°, the acid, bromine, and hydrogen bromide all being m/80 : 


WINTIIRS dicdccsesvnssmnssncisscnens Mp tie Bie, 6. E56 (b) ¢ = 3420, x = 19-1 
Teens fe | Ee (b) ¢ = 3420, x = 11-7 
Victoria UNIVERSITY COLLEGE, WELLINGTON, N.Z. [Received, September 3rd, 1945.} 





237. . The Comparative Reactivity of the Carbonyl Groups in the Thionaphthenquinones. 
Part II. The Influence of Substituent Growps in the Thionaphthenquinones. 


By CuHarRLeEs E. DALGLIESH and FREDERICK G. MANN. 


The work described in Part I has now been extended to include a comparison of the reactivities of the 
carbonyl groups in twelve thionaphthenquinones. These have been condensed with the corresponding thio- 
indoxyls; condensation of the a-carbony] group of the thioquinone with the methylene group of the thioindoxyl 
would thus produce a thioindigo, whereas similar condensation of the f-carbonyl group would produce a 
thioindirubin. 

It is now shown, contrary to earlier evidence, that condensation of the thioquinones with the thioindoxyls 
may sometimes give rise to a mixture of a thioindigo and a thioindirubin; these products are not interconvertible 
under the conditions employed. Since the course of this condensation is now known to be influenced by the 
medium employed, a standard medium has been employed throughout, and the results summarised in Table I 
are thus strictly comparable. 

The results confirm the earlier conclusions that the course of the condensation in these circumstances is 
determined primarily by the substituents in the thioquinone molecule and is rarely affected by those in the 
thioindoxyl molecule. A much wider basis is now available for the correlation of the position of the sub- 
stituent with the type of resultant condensation, a further 99 pairs of dyes having been investigated in addition 
to the re-examination of many of the 42 such pairs previously studied. 

The significance of the extended evidence is discussed. 


Ix Part I (Harley-Mason and Mann, J., 1942, 404) it was pointed out that when thioindoxyl (I) condenses 
with isatin it is solely the 8-carbonyl group of the latter which reacts, and the product (II) is consequently of 
the indirubin type; the non-reactivity of the «-carbonyl group of isatin was attributed to the fact that this 
compound acts predominantly in the enol or lactim form. Such tautomerism js impossible however in thio- 
taphthenquinone (III), in which both carbonyl groups are consequently free for condensation with a reactive 


O co CoH ae 
(I.) ck >, + COC poet o co tH, oH) 


H 


methylene group. Thioindoxyl (I) may therefore condense either with the a-carbonyl group of thionaphtheén- 
quinone to give thioindigo (IV) or with the $-carbonyl group to give thioindirubin (V). In order to ascertain 
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C.H< >C:C 


co co 
44 - / 3 eet: co. AO s / 
Om + og ae - Cai DOCK Oat or of Yat 


(I.) (III.) (IV.) (V.) 
the fundamental factors that determine the comparative reactivity of the carbonyl groups in the thionaphthen- 
quinone system, Harley-Mason and Mann (loc. cit.) condensed various substituted thioindoxyls with substituted 
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thionaphthenquinones, and then identified the nature of the product by comparison with an authentic sample 
of the corresponding thioindigo ; clearly, if the condensation product proved to be identical with the thioindigo, 
the «-carbonyl group of the original quinone possessed the greater reactivity; if the condensation product wags 
not identical, it was necessarily the thioindirubin, and therefore the B-carbonyl group of the quinone had been 
more reactive. 

Authentic samples of the required thioindigos were prepared either by ferricyanide oxidation of the thio- 
indoxyl or by condensation of the thioindoxyl (I) with the thioquinone-«-anil (VI) prepared from the thio. 
indoxyl. The former method necessarily gave only symmetrically substituted thioindigos, whereas the second 


CO CO CO JQ 
CHK SCNCHNMey 4 HCC SCH - CoH DOCK SCH 4 H,N-C,HyNMe, 
(VI.) (I.) (IV.) 

method could, by the use of suitably substituted derivatives of (I) and (VI), provide thioindigos with substituents 
in any desired position. 

To compare the above condensation products with the corresponding authentic thioindigos the chief method 
employed was reductive acetylation, the products being reduced by zinc dust in boiling acetic acid (Friedlander, 
Monaish., 1908, 29, 373), whereby diacetyldihydro-thioindigos (VII) and diacetyldihydro-thioindirubins (VII]) 


were obtained ; these compounds were usually obtained as colourless crystals _— sharp m. p.’s, and afforded 
a ready means of characterisation of the parent compounds. 


C-OAc ,C-OAc J Sc 


Wi C,H r 
(VII.) ) CHC eek SCH, cas geet ce CoH. vii.) 


The thioindoxyls used by Harley-Mason and Mann (loc. cit.) were: thioindoxyl (I); 6-chloro-4-methyl- 
thioindoxyl (Ib); 5-chloro-7-methylthioindoxyl] (Ic); 6-ethoxythioindoxyl (Id); 4: 5-benzthioindoxy] (Ie); 
6 : 7-benzthioindoxy]l (If); 5 : 6-benzthioindoxyl fle 


Me CO co ‘ co 
JO Om o COG 
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(Ib.) (Ic.) (Id.) ll 


These compounds were converted into their 2-p-dimethylamino- or 2-p-hydroxy-anils, and the latter on 
hydrolysis furnished the corresponding thionaphthenquinones (III—IIIg). 

These experiments indicated that the condensation of a thioindoxyl and a thioquinone apparently always 
gave either a thioindigo or a thioindirubin ; a mixture of both arising in one reaction product was never detected. 
Further, it appeared that the nature of the products was usually determined solely by the substituents in the 
thioquinone molecule and was therefore unaffected by those in the thioindoxyl molecule. Certain generalis- 
ations concerning the course of these condensations, based on the comparison of forty-two such pairs of dyes, 
were made, and the difficulties attending a satisfactory interpretation were emphasised. 

In spite of the wide experimental basis of the above results, further investigation of the effect of substituents 
on the course of the condensation was clearly desirable. The substituted thioindoxyls used by Harley-Mason 
and Mann had been chosen primarily because they could be readily prepared from technical materials: all 
but two (I and Id) were disubstituted thioindoxyls, and the difficulty of correlating position and nature of 
substituents with the mode of condensation was thus much increased. The thioquinones necessarily suffered 
from the same disadvantage. 

We have therefore now chosen another series of thioindoxyls, each of which contains only one substituent. 
They are: 4-methylthioindoxyl (Ih), 4-chlorothioindoxyl (Ii), 5-methylthioindoxyl (Ij), 7-methylthioindoxyl 


Me CO cl co co ~4 
ix ‘cH, ° ‘cH, M ‘cH, ef ‘cH, CH, 

sf sf s/ 4 

(Ih.) (Ii.) (.) (Ik.) (I) 

Me CO cl co . €O co co 
‘co ‘co M ‘co ‘co co” 

SK SY sf s/f (\s¥ 

(IIIh.) (IIIi.) (IIIj.) (IIIk.) (III/.) 


(Ik), 7-chlorothioindoxyl (Il). These compounds were converted to their anils, and the latter hydrolysed to 
give the corresponding substituted thionaphthenquinones (III4—III/). The complete series of thioindoxyls 
(I—I/) and thioquinones (III—III/) therefore now contain examples of mono-substituted derivatives with the 
substituent in each of the four possible (4, 5, 6, 7) positions. 

Hence, the condensation of each of the twelve thioindoxyls (I—I/) with (A) each of the quinones (III—IIt)), 
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and (B) with the a-anil of the thioindoxyls (I—I/) could now be studied. The product arising from (A) was 
compared with the authentic thioindigo obtained from (B) in order to determine whether the reaction (A) had 
involved the «- or @-carbonyl group of the quinone. The range of our original results has thus been more 
than trebled. 

In the course of this extension of the original work, two novel factors have been detected, and ignorance of 
these factors invalidated certain of Harley-Mason and Mann’s earlier conclusions. 

In the first place, the condensation of certain thioindoxyls with the quinones is markedly affected by the 
nature of the solvent and catalyst used. This is discussed in Part III (p. 910) where it is shown that in general 
an increase in the acidic nature of the solvent or of the catalyst favours B-condensation. Furthermore, certain 
solvents, whilst promoting the condensation will at the same time react with the thioindoxyl, and the resulting 
dyestuff may consequently be contaminated with by-products. The majority of the condensations performed 
by Harley-Mason and Mann were carried out in glacial acetic acid containing a small quantity of zinc chloride; 
certain sluggish condensations were, however, accelerated by the addition of acetic anhydride, and in others the 
zinc chloride was replaced by hydrochloric acid. It is now recognised that the results were possibly not strictly 
comparable. Consequently we have repeated all the condensations of doubtful validity recorded in Part I, 
using throughout the standard condensation medium (acetic acid—zinc chloride) that we have employed for 
our new condensations. Wecan therefore claim that, in this respect, all our results are now strictly comparable. 

Secondly, it is now apparent that some diacetyldihydro-thioindirubins form mixed crystals with the isomeric 
diacetyldihydro-thioindigos, and such mixed crystals often have a sharp m. p. In such cases, repeated 
recrystallisation will steadily change the m. p. until ultimately it becomes constant, i.e., it becomes identical 
with that of.a pure sample of one constituent. In Harley-Mason and Mann’s earlier work, when a condensation 
product gave a diacetyldihydro-derivative which after recrystallisation was analytically pure and had a sharp 
m. p.,and when moreover this m. p. differed decisively from that of the authentic diacetyldihydro-thioindigo, 
the original condensation product was deemed to be the pure thioindirubin, uncontaminated with any isomeric 
thioindigo. Obviously, these properties are not sufficient to identify the product as solely thioindirubin; for 
this purpose, the diacetyldihydro-derivative must have a m. p. which is both sharp and unaffected by further 
recrystallisation and which is either markedly different from that of the authentic isomeric diacetyldihydro- 
thioindigo or, if similar, causes a considerable depression in a mixed m. p. determination. 

This factor does not enter, of course, into those condensations from which the product, on reductive acetyl- 
ation, proved to be a pure thioindigo. In all other condensations—both those recorded in Part I and those 
encountered in our*present extension—the diacetyldihydro-derivative has been very carefully investigated ; 
in a few cases it proved to be the pure thioindirubin derivative, but in others it proved to be a mixture of 
the thioindigo and the thioindirubin derivatives. In the latter cases it was sometimes possible by fractional 
recrystallisation to isolate both the pure components; usually, however, only the least soluble component was 
isolated and identified, the presence of the other being proved by the fact that the m. p. of the original mixed 
components—which may have been sharp or extended over a range—changed markedly during the repeated 
recrystallisations, although the elementary analytical values remained unchanged. This improved technique 
has shown for the first time that both thioindigo and the isomeric thioindirubin may be produced simultaneously. 

The identity of certain of our condensation products has again been independently determined by Dr. W. H. 
Taylor, assisted by Dr. D. L. Smare, Dr. I. G. Edmunds, and Dr. A. Hargreaves, at the Physics Department 
of the Manchester College of Technology. For this purpose, a direct comparison has been made between the 
X-ray ‘‘ powder” photographs of the particular condensation product and of the corresponding authentic 
thioindigo (for details, see Harley-Mason and Mann, Joc. cit., p. 410). We are greatly indebted to Dr. Taylor 
and his staff for their very extensive and critical work on this subject. It is emphasised that their final 
conclusions have in no case been irreconcilable with those based on chemical evidence. 

Our complete results, showing the identity of the products of the condensation of the twelve thioindoxyls 
and the corresponding thioquinones are summarised in Table I, the detailed evidence being collected in 
Tables II—XIII. 

Before discussing these results, two other factors, which also might have invalidated our conclusions, must 
be briefly mentioned. It has already been stated (p. 894) that whereas authentic symmetrically substituted 
thioindigos were prepared by oxidation of the corresponding thioindoxyls, the authentic unsymmetrically 
substituted thioindigos could only be prepared by the condensation of one thioindoxy] with the anil of another 
(as VI). This assumes that the first thioindoxyl group directly replaces the p-dimethylamino-anil group and 
that the two thionaphthen nuclei become joined through the 2: 2’-carbon atoms. The mechanism of this 
reaction may not, however, be so simple. It is conceivable that the first thioindoxyl molecule condenses with 
the B*carbonyl group of the anil, and the p-dimethylamino-anil group is then hydrolysed off and so replaced 
by an oxygen atom; the two thionaphthen nuclei would thus become linked through the 2 : 3’-carbon atoms, 
i., a thioindirubin would result. The possibility of this mechanism receives some support from the work of 
Pummerer (Ber., 1911, 44, 338), who showed that thioindoxy] (I) condensed with isatin-2-anil (IX) producing 
2: 3’-thionaphthen-indol-indigo-2’-anil (X), which he isolated in two tautomeric forms. 


co co oo ~e 
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TABLE I. 
Thionaphthenquinones. 
“Un- 6Cl- 5-Cl- 4:5- 6:7- 5:6 
subtd. 4-Me- 7-Me- 6-EtO- Benz- Benz- Benz- 4-Me- 4-Cl- 5-Me- 7-Me- 7-C]. 
Thioindoxyls. (III). (IIIb). (IIIc). (I1Id). (Ile). (IIIf). (111g). (IITA). (111i). (I11j). (IIIA). (np, 

Unsubstd. (I) ............ @ +B a a a+B - a a+f8 a a a a+B a 
6-Cl-4-Me- (Ib) ......... a+fB a a a+Bp .a a a+f8 a -- a a+B a+f 
5-Cl-7-Me (Ic) ....0. a+B 0 a a+Bp a a a+Bp a a a a of 
6-EtO- (Id) ............... a+ 8 a a a+B o(+f) a+P at+8 a a a(+B) a(+8) a 
4: 5-Benz- (Ie) ......... a+B a+8 a a+f8 a a+B a+f8 a a a B a 
6: 7-Benz- (If)  .....000. a+f8 a a+f8s a+ a a a+fB8 a a a * a 
5 : 6-Benz- (Ig) ......... a+B a a a+B a a a+f8 a B 
CEP hicdissncce, 6* a a a(+ 8) a a a+f8 a a a” a a+, 
GPG kts “SR a a a+f8 a a a+fB a a B B B 
5-Me- (Ij) .........000. a + B a: a a(+ 8) a a a+f8 a B g a a+ 
7-Me- (Ik) a* a a a+f8 a a+fp a+8 a B a a a 
POMPE sévtedaseciserises OD a a a+f8B a a a+f8B a B a a a 








The entry ‘‘a +8” in the above Table indicates that both a- and f- condensation products were formed and 
have been separated, either as the dyes or as their diacetyl-dihydro derivatives. The entry ‘‘ a + £”’ indicates that 
both products were formed, but that their presence was determined chemically without actual separation; when, in 
such cases, one form occurred in much greater proportion than the other, its symbol is underlined, e.g. “‘ a + .” 
Parentheses enclosing one symbol, e.g., ‘‘ a(+),’’ indicate that the presence of the form in parentheses was strongly 
suggested by X-ray analysis, but was not detected chemically. 


* In these condensations the mother-liquor from the reductive acetylation was not examined for the possible 
presence of the £-compound. 





The following evidence shows, however, that the simpler mechanism applies to our anil condensation which, 
therefore, gives solely thioindigos. (a) We find that when a thioindoxyl is condensed with its own «-anil, the 
product is identical with that formed by ferricyanide oxidation of thioindoxy] alone, i.e., it is a pure thioindigo, 
(6) We have attempted to prepare a compound similar to (X) by the condensation of thioindoxyl] with thio- 
naphthenquinone-2-p-dimethylamino-anil; for this purpose we have used both alkaline and acidic media, but 
all such attempts failed. Either the conditions were such that the reactants were isolated unchanged or the 
reaction proceeded normally with the production of thioindigo as the sole dyestuff. Furthermore, Pummerer’s 
condensation was performed in an alkaline solution, whereas our standard condensations were all carried out 
in acid solutions. : 

The second factor that might have invalidated our results would have been the existence of any inter- 
conversion, thioindigo = thioindirubin, under the conditions of our condensations. Clearly, if such inter- 
conversion occurred it would explain the formation of mixed dyestuffs in certain condensations which we have 
now detected; furthermore, in those condensations from which we have isolated only one dyestuff, this com- 
pound may have been merely the more stable of the two products initially formed. Such an interconversion 
is exceedingly improbable, however, on general chemical grounds. It is also disproved for the following 
reasons: (a) If an unsymmetrically substituted thioindigo (XI) were to undergo conversion to the thioindirubia, 
the latter could occur in two isomeric forms (XII) and (XIII). Similarly, if either of the unsymmetrically 
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OOK Serer 
a. C: S CIC ) 
(XI.) s/ 


(XII.) (XIII.) 


substituted thioindirubins (XII) or (XIII) were to undergo conversion to the thioindigo and, if this conversion 
entailed momentary formation of free radicals, the two symmetrically substituted thioindigos (XIV) and (XV) 
as well as (XI) and possibly even the thio-isoindigo (XVI), might be formed. 


co co co co 
ee ol ee 
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(XIV.) (XV.) (XVI.) 


In all our numerous condensations, however, we have never detected the formation of isomeric thioindigos 
or of isomeric thioindirubins in any one experiment; the product has always been one thioindigo or one thio- 
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indirubin or a mixture of these two compounds. _(b) The preparation of our authentic thioindigos-by-the 

condensation of the thioindoxy] and the anil was performed under conditions closely similar to those employed 

for the condensation of the thioindoxy] and the thioquinone; yet the former condensation always yielded solely 

the pure thioindigo. This is strong evidence against the above interconversion, unless it is assumed that the 

thioindigo is always considerably more stable than the thioindirubin. (c) In certain cases, however, condens- 

ftion of the thioindoxy] with the thioquinone gave pure thioindirubin, whereas condensation of the thioindoxyl 
with the anil under almost identical conditions gave (as always) pure thioindigo. This shows that in these 

cases no interconversion occurred under our experimental conditions. (d) The possibility of the above inter- 

conversion is clearly greater when a mixture of thioindigo and thioindirubin does actually arise, e.g., when 

thioindoxyl (I) and thionaphthenquinone (III) undergo condensation (Table II). We have therefore boiled 

pure thioindigo (IV) with acetic acid and zinc chloride, i.e., under the conditions of our condensations, for four 
hours; it remained unchanged, however, and no thioindirubin could be detected. “We have repeated other 

condensations that give rise to a mixture of a thioindigo and a thioindirubin, varying the time of boiling within 
wide limits. We have then determined the proportion of thioindigo and thioindirubin in the product by reduct- 

ive acetylation followed by fractional crystallisation. This method for determining the proportion, admittedly, 

is not highly accurate, but we have been unable to detect any change in the proportion of the two products. 

The interconversion had therefore either not occurred or occurred with astonishing rapidity in the initial 
stages of the original condensations. 

All the above evidence leaves no doubt that this interconversion does not occur under our conditions, 
Consequently, the results summarised in Table I can now be accepted as describing the authentic products of 
the various condensations performed under strictly comparable conditions. 

Consideration of the collected results in Table I strongly confirms Harley-Mason and Mann’s conclusion that, 
under comparable conditions, the nature of the condensation is determined primarily by the substituents in 
the thioquinone molecule and only to a small extent by those in the thioindoxyl molecule; individual members 
of several vertical columns are almost wholly identical, those of the horizontal columns neverso. The following 
generalisations can be made : (i) and (iv) also strongly confirm the conclusions of Harley-Mason and Mann, but 
the others have been changed in view of our extended evidence. [A second benzene ring fused to the main 
ring is regarded as two separate substituents.] (i) A substituent in the 4-position in the thioquinone almost 
always gives solely «-condensation; of the 46 examples in Table I, 41 gave only thioindigos, 2 gave mixtures, 
and 3 gave only thioindirubins. (ii) A substituent in the 5-position in the thioquinone molecule also usually 
gives solely a-condensation; examples are the quinones (IIIc), where the 7-methyl group is ineffective (see 
below), (IIIe), where the 4- and 5-substituents reinforce one another, and (IIIj); in these 36 examples, 32 gave 
solely «condensation, 3 gave mixtures containing mainly the thioindigo and 1 gave solely $-condensation. 
(iii) The absence of substituents, or a substituent in the 6-position in the thioquinone molecule, usually gives 
tise to both «- and $-condensation; the effect of the 6-substituent is well shown in (IIId) and in (IIIg), where 
it apparently overrides the influence of the 5-substituent; in (IIIb) its influence is, as expected, completely 
suppressed by that of the powerful 4-substituent; in (IIIf) the joint effect of the 6- and 7-substituent is 
unpredictable. (iv) A substituent in the 7-position in the thioquincne is without apparent effect ; in the absence 
of other substituents in the quinone, those in the thioindoxyl molecule determine the type of condensation ; 
these are apparently the only conditions in which the thioindoxyl molecule exerts a dominant influence. 

The theoretical interpretation of these results depends on many factors and must be exceedingly complex. 
The marked effect of a 4-substituent in the thioquinone molecule in suppressing thioindirubin formation may 
well be mainly steric and is discussed later. The effect of similar substituents in the 5-; 6-, and 7-positions 
cannot be steric and must be almost wholly electronic; this effect, in turn, must be intimately associated 
with the mechanism of the a- and $-condensation prgcesses which are themselves unknown. Moreover, it is 
shown in Part III that the condensation medium, i.e., the solvent with or without a catalyst, may have a 
marked effect on the type of condensation which occurs; this effect may be completely overridden by that of 
a favourably situated stbstituent in the thioquinone molecule (for example, IIIb) but when the substituents 
normally allow $-condensation the latter is promoted by an acidic and suppressed by a basic medium. The 
results collected in Table I must represent the resultant of these various influences. 

The probable structure of thioindigo and thioindirubin, and the possibility of steric hindrance in 4-sub- 
stituted thioindirubins, deserve brief discussion. Harley-Mason and Mann (loc. cit.) have pointed out that 
thioindoxyl, thionaphthenquinone, thioindigo, and thioindirubin all exist as resonance hybrids; ignoring 
resonance in the benzene ring, thioindigo and thioindirubin may each exist in 6 canonical forms of one geometric 
configuration. Consequently we have no accurate knowledge of the inter-atomic distances and atomic sizes in 
the heterocyclic rings of these compounds; further, the geometric configuration of each of these compounds is 
unknown. Crystalline indigo has the trans-configuration (Reis and Schneider, Z. Krist., 1928, 68, 543), but 
there is chemical evidence that it may react in the trans- or cis-form (Posner, Ber., 1926, 59, 1799; van Alphen, 
Ber., 1939, 72, 525); it is highly probable that thioindigo also has the trans-configuration. 

Considering the above properties, we have attempted to assess the probable dimensions of the thioindigo and 


‘thioindirubin molecules, numbered as in (XVII) and (XVIII) respectively. In (XVII), the C-C bond lengths 


in the benzene ring are taken as 1-39 a., the central C : C length as 1-33 a., and the radius of hydrogen joined 
to the benzene ring as 0-30 a. (The Nature of the Chemical Bond, Pauling, 2nd Edtn., 1940). The angles S*C*C* 
and C*C8C® are taken as 109° which is the C-C-C angle at the carbonyl group in benzoquinone (Ann. Reports, 








898 Dalgliesh and Mann: The Comparative Reactivity of 


1935, 32, 223); the bond length C*-O is evaluated as 1-20 A., i.e., the mean value for the C—O distance in benzo. 
quinone (1-14 a.), urea (1-25 a.), and oxalic acid (1-25 a.) (Amn. Reports, loc. cit.). The bond length C8st and 
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S'C* are taken as 1-74 a.; the normal value 
for a C-S bond (1-81 a.) is reduced to 1-74 4. 
in thiophen (Pauling, op. cit.) and some allow- 
ance is thus made for resonance. Similarly, 
the bond lengths C?-C? and C%-C® have been 
reduced from the normal value of 1-54 a. to 
1:48 a.; Robertson e¢ al. (J., 1938, 134; 1940, 
36). have shown that the C-C distance in the 
pyrrole rings of phthalocyanine has been re. 
duced to 1-47 a. and that the C-C bond joining 
the two rings in dipheny] is 1-48 a. © No reliable 
data were available for the angle C*S!C?, which 
has been taken as 98-5°. The mean value for 
the sulphur angle in various compounds is 103° 
(Pauling, op. cit.), but its value in a ring system 
has not been accurately determined ; Schomaker 
and Pauling (J. Amer. Chem. Soc., 1939, 61, 
1776) give the sulphur angle in thiophen as 
91°+ 4°, whilst Robles (Rec. trav. Chim., 1940, 
59, 184) has calculated the angle in tetrahydro- 
thiophen to be 98-5°. Since in crystalline 
selenium the intervalency angle is 105° (Pauling, 
op. cit.) but is reduced to 96° in selenanthren 
(Wood and Williams, Nature, 1942, 150, 321) 
our reduction for the sulphur angle appears 
justified. 

In thioindirubin (XVIII), the bond C*-C" 
(1-35 a.) is determined by the fact that C* has 
a radius 0-665 a. due to the C:C bond, and C* 
has a radius 0-69 a., being part of the benzene 
ring; the bond C*-—C* is thus shorter than the 
corresponding bond C3-C®. Theangles C*C*C", 
C*'C*’S, and C*’SC8’, and the bond lengths S-C* 
and S-C*’ have the same values as the corre- 
sponding features in the other poftion of the 
molecule. The bond length C?—C* is necessarily 
slightly shortened. 

On the basis of these data, we have con- 
structed Figs. 1, 2, and 3, which show’ the 
molecular dimensions of trans-thioindigo, cis- 
keto-thioindirubin and tvans-keto-thioindirubin. 
It is clear that a substituent (e.g., a methyl 
group) in the 4’-position in thioindigo (Fig. 1) 
cannot cause steric hindrance, but, on the other 
hand, there is no room for such a group in this 











4 position in either form of thioindirubin (Figs. 2 

Fic. 3. and 3) unless considerable distortion of these 

, normally planar molecules occurs. There is 

Of P12 °4 ok A. little doubt therefore that this steric factor does 
JR) le te |_| j exist, and is probably the main reason why 4- 





Figs. 1, 2, and 3 show the molecular dimensions of trans-thioindigo, Substituted thioquinones almost invariably give 
cis-keto-thioindirubin, and trans-keto-thioindirubin, respectively. solely thioindigos.* 


* This conclusion is confirmed by the results which we have obtained in another investigation (to be published later), 


in which a reaction involving the >CO group in thioindoxyl is apparently completely suppressed by 4-substituents, but 
is unimpeded by substituents in the 5-, 6-, and 7-positions. 
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There are, however, three striking exceptions to this rule, for although 4-chlorothioquinone (IIIi) gives 
solely «-condensation with eight thioindoxyls (I—Tf, Ih, Ii), it gives solely 6-condensation with the remaining 
three (Ij—I/). These three 4’-chloro-thioindirubins could presumably exist only if (a) the thiophen ring 

were considerably distorted, which is unlikely, or (b) the molecule were twisted about 


Cl the C:C linkage, and so became no longer planar, or (c) the valency angles about the 

SN: C:C bond were distorted, so that the two keto groups in Fig. 2 and the S* and C* keto 
eC Pate N - groups in Fig. 3 were brought nearer together, to give room for the 4’-chloro group. If 
Cc Cc this were to occur in the cis-keto-form, the two oxygen atoms might become sufficiently 
Seal near to form a peroxide link, and the compound would be stabilised by resonance 
(XIX.) between the structure (XIX) and the normal thioindirubin structure. This explanation, 


however, should allow 4-chlorothioquinone (IIIi) to give thioindirubins with all the 


thioindoxyls studied ; the influence of the 4-chloro-substituent is clearly anomalous and deserves further study. 


A comprehensive discussion of the probable condensation mechanisms and of many other factors, sum- 
marised in Table I, requires more space than present conditions permit. 

The preparation of the thioindoxyls (Im—I/) and their derivatives requires brief description. To prepare 
4-methylthioindoxyl (Ih), o-toluidine hydrochloride was converted by the action of sodium thiocyanate to 
o-tolylthiourea (XX), which by the action of bromine in chloroform was cyclised to 2-amino-4-methylbenz- 
thiazole (XXI); this method of cyclisation, described by Erlenmeyer and Ueberwasser (Helv. Chim. Acta, 
1942, 25, 515) was preferable to the use .of bromine and sulphury] chloride in chlorobenzene (B.P. 379,341). 
The thiazole (X XI), when heated in an autoclave at 200° with 20% aqueous sodium hydroxide, gave the 
sodium salt of 2-amino-m-thiocresol (XXII), which condensed readily with sodium chloroacetate furnishing 
sodium ele ee Miiteneae, ae an = solution of the latter on acidification 


Me 


NH°CS‘NH NH 
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(XX.) (XXL) (XXII) (X XIII.) 
Me NH Me Me CNH, Me 
Om —> OSx, cath ant oe C-CO,Na =66 CH, 
(XXIV.) (XXV.) (XXVI.) (Ih.) 


precipitated the lactam, 3-keto-5-methyl-3 : 4-dihydro-1 : 4-benzothiazine (XXIV). A solution of (XXIV) in 
sodium hydroxide, when diazotised and treated with cuprous cyanide, was converted into 2-cyano-3-methyl- 
phenylthioglycollic acid (KXV); this, when heated with sodium hydroxide, furnished sodium 3-amino-4- 
methylthionaphthen-2-carboxylate (X XVI) and this compound, on boiling with hydrochloric acid, underwent 
decarboxylation giving the required 4-methylthioindoxyl (Ih). This compound has previously been prepared 
by the route: 3-nitro-o-toluidine —» 2-cyano-m-toluidine —> 2-carboxy-3-methylphenylthioglycollic acid 
(E.P. 279,489, cf. Guha, J. Ind. Chem. Soc., 1938, 15, 20). 4-Chlorothioindoxyl (Ii) was prepared similarly 
from o-chloroaniline hydrochloride. Purification of the final product (Ii) revealed a by-product, apparently 
1: 5-dichlorothianthren (XXVII); this compound was presumably formed from the diazotised 3-chloro-2- 
aminophenylthioglycollic acid (XXVIII). 


cl Cl 
(XXVIII) 2 C8 8i,cout _ es (XXVIL.) 


5-Methylthioindoxy] (Ij) was readily prepared by converting p-tolylthioglycollic acid into its chloride which, 
under the influence of aluminium chloride, readily cyclised to the thioindoxyl (Ij). It has previously been 
ean by the action of chloroacetyl chloride on p-tglyl methyl sulphide (Auwers and Arndt, Ber., 1909, 
2, 541) 

7-Methylthioindoxyl (Ik) was prepared by a modification of Guha’s method (J. Ind. Chem. Soc., 1939, 16, 
219). o0-Toluidine was diazotised and treated in alkaline solution with potassium xanthate ; the o-tolyl xanthate 
(XXIX) so obtained, on alkaline hydrolysis, furnished o-thiocresol (XXX) which was — to o-tolyl- 


“4 
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thioglycollic acid (KXXI). The latter was converted to the chloride which, in the presence of aluminium 
chloride, underwent cyclisation to 7-methylthioindoxyl (Ik). 17-Chlorothioindoxyl (Il) was similarly prepared 
from o-chloroaniline. . ; 








900 Dalgliesh and Mann: The Comparative Reactivity of 


We have critically examined the condensation of the thioindoxyls in alkaline solution with p-nitrosopheno] 
and with p-nitrosodimethylaniline to give the 2-p-hydroxyanils and the 2-p-dimethylamino-anils respectively 
of the quinones. This preparation of the 2-p-hydroxyanils sometimes fails; Harley-Mason and Mann (loc. cit.) 
were able to condense only the thioindoxyls (I), (Id), and (If) with p-nitrosophenol, and we have similarly failed 
in the cases of (Ib), (Ic), (Ie), and (Ig), although these anils can sometimes be obtained indirectly (see later), 
The condensation of a nitroso compound with a thioindoxy] is always accompanied by some oxidation of the 
latter to the thioindigo; since, however, the hydroxyanils form sodium salts which dissolve in hot water, the 


contaminating thioindigo can be readily removed, and these anils are in this respect of greater value than the 
dimethylamino-anils. 


The method of preparation of the 2-p-dimethylamino-anils used by Mayer et al. (Annalen, 1931, 488, 259) 
and by Harley-Mason and Mann (loc. cit.) has been advantageously modified ; nevertheless, we found that in 
certain cases these anils readily underwent further hydrolysis to give dimethylamine, the 2-p-hydroxyanil and 
also the quinone. This reaction, noted originally by Mayer (loc. cit.), furnishes certain p-hydroxyanils, e.g, 
those from (Ib), (Ic), and (Ie), which could not be obtained by direct condensation. 


EXPERIMENTAL. 


Certain of the following compounds, whose preparation has been claimed in patent literature without proof of identity, 
are now recorded as new. The names of all new compounds are italicised as usual; where, to save space, the molecular 
formula and theoretical percentages are not given, these data have been given for isomeric substances earlier in the 
paper. 

Preparation of Intermediates. Thioindoxyls.—4-Methylthioindoxyl (Ih). (i) A dry mixture of o-toluidine hydro- 
chloride (195 g.), sodium thiocyanate (119 g.), and chlorobenzene (880 c.c.) was refluxed for 6 hours and then allowed 
to cool. The solid was crushed, collected, and washed with methanol and water. The o-tolylthiourea (XX; 140 g., 
62%) so obtained required no further purification. If the chlorobenzene filtrate was dried (calcium chloride) and used 
for the next preparation, the yield rose to 82%. The thiourea (XX), recrystallised from aqueous alcohol, had m. p, 
155—156° (cf. F.P. 762,310). 

(ii) A solution of bromine (37 c.c., 1 mol.) in chloroform (300 c.c.) was poured rapidly into a mixture of the dry 
powdered thiourea (120 g.) and chloroform (600 c.c.) contained in a 3-necked flask. Heat was evolved and the mixture 
rapidly gave a clear solution which was kept below 30° by external cooling. When the initial reaction had subsided the 
flask was fitted with a stirrer and condenser carrying a calcium chloride tube and the mixture refluxed until evolution of 
hydrogen bromide ceased (ca. 2 hours), the hydrobromide of the thiazole (X XI) crystallising out meanwhile. The mixture 
was set aside overnight, the liquid decanted and the residue boiled with fresh chloroform (300 c.c.). The cold mixture 
was filtered and the insoluble residue suspended in water and treated with sulphur dioxide until traces of free bromine 
had been removed (this was not always necessary). The mixture was again filtered and the residue suspended in warm 
water and made alkaline. The precipitated thiazole (XI) was collected, washed with water, and dried (average yield, 
106 g., 89%). This product (m. p. 130—135°) was sufficiently pure for the next stage. The thiazole (XXI) readily 
gave a monopicrate, yellow needles from acetone, m. p. 254° (decomp.) (Found: N, 17-7. C,sH,N,S,C,H,;0,N, requires 
N, 17-8%); it is sparingly soluble in alcohol. = 

(iii) A mixture of the thiazole (75 g.), sodium hydroxide (135 g.), and water (540 c.c.) was heated at 200° in a rotating 
autoclave for 5hours. The mixture at 60° was poured into water (1100 c.c.) ; the temperature was raised to 80°, a solution 
of chloroacetic acid (50 g.) in 10% aqueous sodium hydroxide added and the temperature maintained at 80° for 30 minutes. 
The mixture whilst hot was filtered and acidified with hydrochloric acid, grey needles of the lactam (XXIV), i.e., 3-heto- 
5-methyl-3 : 4-dihydro-1 : 4-benzothiazine being immediately precipitated. When cold, these were collected, washed with 
water, and dried (average yield, 68 g., 83%). When recrystallised from alcohol, the compound had m. p. 125—127° 
(Found: C, 60-3; H, 5-2; N, 8-1. C,H,ONS requires C, 60-3; H, 5-0; N, 7-8%). 

(iv) A mixture of the crude lactam (XXIV; 100 g.) and 10% aqueous sodium hydroxide was boiled for 3 hours and 
set aside overnight. A solution of sodium nitrite (45 g.) in water (70 c.c.) was added to the filtered mixture which was 
then added dropwise to a vigorously stirred mixture of ice (1200 g.) and concentrated hydrochloric acid (300 c.c.) main- 
tained at 0—2° by external cooling. When the addition was complete the mixture was stirred for a further 15 minutes, 
made alkaline to Brilliant-Yellow with sodium carbonate and then slowly added to an agitated solution of cuprous 
cyanide (75 g.) and potassium cyanide (180 g.) in water (300 c.c.) maintained at 40°. Aqueous sodium hydroxide (33%; 
150 c.c.) was added, and the temperature raised to 80° for 15 minutes to complete cyclisation to the sodium 3-amino- 
4-methyl-thionaphthen-2-carboxylate (XX VI), which was salted out by the addition of sodium chloride (600 g.). The 
sodium salt (XXVI) was collected, washed with 20% brine, added to 5% hydrochloric acid (1500 c.c.), and decarboxyl- 
ation ensured by heating at 95° for 15 minutes. Filtration of the cold mixture gave the crude 4-methylthioindoxy] (Ih) 
which was purified by washing with water followed by dissolution in boiling 10% aqueous sodium hydroxide; the 
solution was filtered directly on to ice and acidified with hydrochloric acid. The precipitated thioindoxyl (Ih) was 
collected, washed with water and dried. It had m. p. 65—68° (highest yield obtained, 61 g.). 

4-Chlorothioindoxyl (li). The stages were strictly parallel to those above, and only quantities and yields are recorded. 

(i) o-Chloraniline hydrochloride (460 g.), sodium thiocyanate (240 g.), and chlorobenzene (1750 c.c.) were heated 
together for 6 hours (initial yield of o-chlorophenylthiourea, 186 g., 355%; increase to 305 g., 58%, when saturated 
solvent was used again). 


(ii) Bromine (40 c.c.) in chloroform (300 c.c.) and the thiourea (140 g.) in chloroform (600 c.c.) gave 4-chloro-2-amino- 
benzthiazole (126 g., 91%). 

(iii) The thiazole (85 g.), sodium hydroxide (135 g.), and water (540 c.c.), heated at 200° for 3 hours and subsequently 
condensed with an alkaline solution of chloroacetic acid (55 g.), gave 5-chlovo-3-keto-3 : 4-dihydro-1 : 4-benzothiazine 
(72 g., 73-5%), white needles from alcohol, m. p. 153—154° (Found: C, 48-4; H, 2-8; N, 6-9. C,H,ONCIS requires 
C, 48-1; H, 3-0; N, 7-0%). 

(iv) The lactam (101 g.) was dissolved in aqueous sodium hydroxide, diazotised with sodium nitrite (37-5 g.), and 
allowed to react with cuprous cyanide (62-5 g.) and potassium cyanide (150 g.). The mixture was cyclised by alkali 
as before, the sodium 4-chlorocarboxylate (as X XVI) salted out and decarboxylated to the crude 4*chlorothioindoxyl (I). 
The latter was purified by dissolution in boiling aqueous sodium hydroxide, filtering and reprecipitating with acid 
(maximum yield, 22-7 g., 26%). Further purification by distillation in steam gave (It) as white needles, m. p. 116— 
118° (Found: C, 52-4; H, 3-1. C,H,OCIS requires C, 52-0; H, 2-7%). This compound rapidly oxidises in air. 

On dissolving the crude compound (Ii) in bojling aqueous sodium hydroxide an insoluble product remained ; this was 
collected, dried, and extracted with boiling acetic acid. The brown crystals which separated from the filtered solution 
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were recrystallised from alcohol (charcoal) and then yielded colourless needles of 1 : 5-dichlorothianthren (KXVII), m. p. 
174—175° (Found: C, 50-9; H, 2-4; Cl, 25-1; S, 23-1; M, cryoscopically in 1-106% ethylene dibromide solution, 306. 
CygHCleSe requires C, 50-5; H, 2-1; Cl, 24-9; S, 225%; M, 285). 

5-Methylthioindoxyl (Ij). Phosphorus trichloride (34-5 c.c., 1-35 mols.) was added to a mixture of p-tolylthioglycollic 
acid (54°6 g., 1 mol.) and chlorobenzene (300 c.c.); the mixture was vigorously stirred and heated on a water-bath for 
ghours. To the cold product, powdered aluminium chloride (44 g.) was added and, when the initial evolution of hydrogen 
chloride had subsided, the mixture was heated as before for 1} hours. Ice (500 g.) was added and the mixture distilled 
with steam to remove chlorobenzene. The thioindoxyl (Ij) could be steam distilled after the chlorobenzene but it was 
advantageous, when the chlorobenzene had passed over, to make the residue alkaline, filter the solution and precipitate 
the thioindoxyl (Ij) by acidifying the filtrate (average yield, 37-7 g., 765%). The steam-distilled product had m. p. 
94—98°; Auwers and Arndt (/oc. cit.) give m. p. 102° (Found: C, 66-2; H, 4-9. Calc. forC,H,OS: C, 65-9; H, 4-9%). 

1-Methylthioindoxyl (Ik). (i) A solution of sodium nitrite (84 g.) in water (150 c.c.) was added dropwise during 14 hours 
toa stirred mixture of o-toluidine (107 g.), concentrated hydrochloric acid (300 c.c.); and water (900 c.c.) maintained at 
0—2°. The diazo-solution was then added in turn during 45 minutes to a stirred mixture of potassium xanthate (242 g.), 
anhydrous sodium carbonate (500 g.), and water (2 1.) maintained at 60—80°. After a further hour’s stirring, the mixture 
was set aside overnight and then extracted with ether. Distillation of the ether left the crude yellow oily o-tolylxanthate 
(XXIX), which was boiled under reflux with a mixture of sodium hydroxide (215 g.), water (430 c.c.), and alcohol 
(1350 c.c.). A solution of chloroacetic acid (188 g.) in 10% aqueous sodium hydroxide (850 c.c.) was then cautiously 
added, and the boiling continued for a further 30 minutes. The alcohol was then distilled away, the solution added to 
ice (1 kg.), and the o-tolylthioglycollic acid (XXXI) precipitated with hydrochloric acid. The crude product was 
recrystallised from water (charcoal) : white plates, m. p. 106—107°. The average yield (85 g., 46-5%) was low owing 
to the large volume of water required in the recrystallisation to remove an oily impurity having a foul odour. 

(ii) A mixture of the pure acid (KXXI; 18-2 g.), phosphorus trichloride (11-5 c.c., 1-33 mol.) and chlorobenzene 
(100 c.c.) was stirred and refluxed at 60—80° for 2 hours. Powdered aluminium chloride (14-7 g., 1-1 mols.) was cautiously 
added to the cold product. The temperature rose to 60°, and was maintained at this value for 1 hour. The cold mixture 
was added to ice (300 g.) and the chlorobenzene removed in steam. 

The thioindoxyl (Ik) was distilled in superheated steam and obtained in colourless needles (rapidly oxidising in air), 
m. p. 73—78°; average yield, 8-5 g., 51-5% calculated on compound (XXXI) used. Guha (loc. cit.) gives m. p. 68—69°. 

7-Chlorothioindoxy] (I/) was prepared precisely as above (Ik). (i) o-Chloraniline (105 c.c.), concentrated hydrochloric 
acid (270 c.c.) and ice (600 g.) were diazotised with sodium nitrite (84 g.) in water (200 c.c.). The solution was run into 
a mixture of potassium xanthate (240 g.), anhydrous sodium carbonate (500 g.), and water (2-5 1.) at 60—80°. The 
o-chloropheny! xanthate, isolated as before, was hydrolysed with sodium hydroxide (214 g.), water (430 c.c.), and alcohol 
(1300 c.c.) for 5 hours, and then condensed with chloroacetic acid (188 g.) in 10% sodium hydroxide (800 c.c.). The 
o-chlorophenylthioglycollic acid, a ery and recrystallised as compound (XX XI), was obtained in colourless leaflets, 
m. p. 117—118° (Found: C, 47-2; H, 3-8; Cl, 16-7. Calc. for C,H,OCIS: C, 47-4; H, 3-5; Cl, 17-0%). The average 
yield, 67-5 g., 33-5%, was diminished by contamination of the crude product as in the former case. Friedlander, 
Chwala, and Slubek (Monatsh,, 1907, 28, 272) give m. p. 112°. 

(ii) Cyclisation to 7-chlorothioindoxyl (Il) was performed precisely as for (Ik) above, using a mixture of the glycollic 
acid (20-2 g.), phosphorus trichloride (11-5 c.c.), and chlorobenzene (100 c.c.), and, later, aluminium chloride (14-7 g.). 
Steam-distillation ultimately removed the chlorobenzene and then furnished white needles of the thioindoxyl] (I/), m. p. 
103—106° (Found: C, 52-0; H, 3-1. C,H,OCIS requires C, 52-0; H, 2-7%); the average yield was 9-0 g., 48-5%, 
based on the glycollic acid used. . 

The fact that the above pure thioindoxyls rarely possess sharp m.’p.s may indicate a tautomeric equilibrium at or 
about the m. p. . 
P ‘Anils.—(a) The 2-p-hydroxy-anils were prepared by dissolving the thioindoxy] in boiling 5% aqueous sodium hydr- 
oxide, cooling to $oom temperature, and then rapidly adding, with vigorous stirring, a solution of p-nitrosophenol (1-1 
mol.) in aqueous sodium carbonate. Salt was added until the solution contained ca. 20%, and the solution set aside for 
some hours. The sodium salt of the anil which had crystallised was collected, washed with 20% brine, suspended in 
water and acidified with hydrochloric acid. The precipitated anil was collected, washed with water, dried and, usually, 
recrystallised from amyl alcohol. Occasionally the anil was purified by reconversion to the sodium salt and reprecipit- 
ation. (b) The 2-p-dimethylamino-anils were prepared by dissolving the thioindoxyl in boiling 10% aqueous sodium 
hydroxide (ca. 10 c.c./1 g. thioindoxyl) and cooling to 60°; to this was added (during 5 minutes) with stirring a solution 
of p-nitrosodimethylaniline (1-1 mols.) in 5% hydrochloric acid (6 c.c./1 g. amine), also at 60°. The anil separated rapidly 
as the mixture was cooled. After some hours the anil was collected, and thoroughly washed successively with cold 
water, dilute hydrochloric acid, hot and cold water. The anils could be crystallised readily from benzene; they frequently 
Separated with benzene of crystallisation, which was lost on heating at 80°/15 mm. 

The yields of anils given below are based on the thioindoxyl used: 4-methylthionaphthenquinone-2-p-hydroxyanil, 
m. p. 234—236° (Found: C, 66-6; H, 44; N, 50. C,,;H,,O,NS requires C, 66-9; H, 4:1; N, 52%), 25%; 
4-chlorothionaphthenquinone-2-p-hydroxyanil (Found: C, 57-7; H, 2-9. C,,H,O,NCIS requires C, 58-0; H, 2-8%), 
15%; 4-chlorothionaphthenquinone-2-p-dimethylamino-anil, m. p. 211—212° (Found: on sample dried in air, N, 7-9. 
Ci6H,;0,N,CIS,4C,H, requires N, 7-°9%. On sample, heat-dried, C, 60-3; H, 4:3; N, 9-0. C,,H,,;0,N,CIS requires 
C, 60-6; H, 4:1; N, 8-9%); 5-methylthionaphthenquinone-2-p-hydroxyanil, 77%; 7-methylthionaphthenquinone-2-p- 
hydroxyanil, m. p. 248—250° (Found: C, 67-2; H, 40; N, 5-3. C,,H,,O,NS requires C, 66-9; H, 4:1; N, 52%; 
cf. B.P. 548,806), 67%; 7-chlorothionaphthenquinone-2-p-hydroxyanil, m. p. 272—273° (Found: C, 58-2; H, 3-1; N, 5-0. 
C,,H,O,NCIS requires C, 58-0; H, 2-8; N, 4-8%),.65%; 7-chlorothionaphthenquinone-2-p-dimethylamino-anil, 77%. 

Thionaphthenquinones.—These were prepared by boiling a mixture of the anil and 15% hydrochloric acid (20 c.c./1 g. 
anil) for about 1 hour. The cold mixture was filtered, and the undissolved residue was washed with water and digested 
with an excess of boiling aqueous sodium carbonate for 20 minutes. The hot mixture was filtered on to ice, and the 
filtrate acidified to precipitate the crude quinone. The latter was collected, washed with water, and recrystallised from 
aqueous acetic acid. Steam distillation of the acetic acid mother-liquors sometimes furnished a further crop of the 

uinone. The following yields are calculated on the anil stated: 4-methylthionaphthenquinone (I11h), m. p. 120—121° 
(Found : C, 60-5; H, 3-3. C,H,O,S requires C, 60-7; H, 3-4%), 66% on the hydroxyanil; 4-chlorothionaphthenquinone 
(IIIi), m. p. 138—139° (Found: C, 48-4; H, 1-9. C,H,O,CIS requires C, 48-4; H, 1-5%), 70% on amino-anji; 5-methyl- 
thionaphthenquinone (II1j), m. p. 144—145° (Found: C, 61-1; H, 3-6. C,sH,O,S requires C, 60-7; H, 3-4%), 74% on 
writ 7-methylthionaphthenquinone (111k), m. p. 126—127° (Found: C, 61:2; H, 3-7. C,H,O,S requires C, 60-7; 

, 3°4%), 92% on hydroxyanil; 7-chlorothionaphthenquinone (III/), m. p. 149—150° (Found : C, 48-7; H,1-7. C,H,O,CIS 
fequires C, 48-4; H, 1-5%), 64% on the thioindoxy] (I/) via the amino-anil. Pummerer (Ber., 1910, 42, 1374) describes 
(I11j) and (III/) without characterisation. 

Condensation of anils with thioindoxyls. A mixture of the thioindoxyl] (ca. 1 g.) and the anil (0-8 mol.) in acetic acid 
\¢@. 25 c.c.) containing concentrated hydrochloric acid (0-3 c.c.) was refluxed for ca. 2 hours. The dye which 
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had crystallised from the cold product was collected, thoroughly washed with alcohol and water and dried. A portion 
was recrystallised from nitrobenzene for direct examination, and the remainder was subjected to reductive acetylation, 

Condensation of thionaphthenquinones and thioindoxyls. The following standard method was adopted throughout, 
A mixture of the thioindoxyl (1 g.), the thionaphthenquinone (0-8 mol.), anhydrous zinc chloride (0-2 g.), and glacial 
acetic acid (25 c.c.) was refluxed gently for 2—3 hours. The mixture was set aside for some hours and the dye which had 
crystallised was then isolated as above, one portion being recrystallised and the remainder reductively acetylated, 

Preparation of Diacetyldihydro-derivatives.—The following modification of Harley-Mason and Mann’s method was 
always performed with the above unrecrystallised and therefore finely divided dyes. A mixture of the dye (ca. 1g), 
acetic acid (15 c.c.), acetic anhydride (15 c.c.), and zinc powder was refluxed for at least twice the time the solution 
required to become colourless, with a minimum of 2 hours even for the most rapid reductions; the speed of reduction 
appeared to depend primarily on the state of division rather than on the constitution of the dye. The product was 
filtered hot; the residue was extracted with boiling acetic acid (ca. 15 c.c.) and again filtered. The cold united filtrates 
were diluted with boiled water (ca. 100 c.c.) and set aside. The precipitated material was collected, washed with boiling 
water, drained and recrystallised from an acetic acid—acetic anhydride mixture, the proportion of the anhydride bein 
increased for the less soluble products. Before analysis, the diacetyldihydro-derivatives were dried at 80°/15 mm, 
in a stream of dry air. ' 

When the properties of the product so obtained indicated that it was a mixture of the diacetyldihydro-thioindigo and 
-thioindirubin, the separation of the components by fractional crystallisation was facilitated by the fact that not only 
was the thioindirubin derivative usually more soluble than the corresponding thioindigo derivative, but its separation 
from solution was often considerably delayed; this delay was apparently extended by the presence of the thioindigo 
derivative. Consequently, a solution of the two derivatives frequently gave on rapid, but undisturbed, cooling a first 
crop of material which was almost pure thioindigo derivative; the second crop, which frequently did not begin to separate 
for several hours, consisted, for the most part, of the thioindirubin derivative. In these circumstances, recrystallisation 
of each crop usually readily gave the main component in a state of purity. 

The following Tables (II—XIII) give the detailed evidence upon which the final conclusions stated in Table I have 
been based. When in these Tables the diacetyldihydro-derivative of the condensation product of the thioquinone and 
the thioindoxy] is shown in two fractions, A(a) and A(b), these have been separated by fractional crystallisation. When 
the diacetyldihydro-derivative, B, of the condensation product of a thioindoxyl and an anil is quoted in brackets, its 
preparation was actually performed with the reverse thioindoxy] and anil, e.g., in Table II, the diacetyldihydro-derivative 
of the authentic 5-methylthioindigo was prepared from the product obtained by condensing thioindoxyl (I) and the anil 
of 5-methylthionaphthenquinone (IIIj), this product necessarily being identical with that obtained by condensing 
5-methylthioindoxy] (Ij) and the anil of thionaphthenquinone (III). The authentic thioindigos were therefore prepared 
in only one of the two possible ways. The mixed m. p. values refer to the diacetyldihydro-derivatives in the previous 
column, i.e., to mixtures of the product A or A(a) with B. The expressions “‘ Id.’’ and ‘‘ Non-id.” in the penultimate 
column indicate that the two dyes have been found by X-ray analysis to be identical or non-identical respectively. The 
names and analytical data of all new compounds are given immediately below each Table in the order in which they 
appear. Analyses are quoted for various mixtures of a diacetyldihydro-thioindigo and -thioindirubin to prove that the 
mixture before fractional crystallisation and separation contained only these two compounds. The thioindigos and 
thioindirubins are named according to (XVII) and (XVIII) respectively. 


TABLE II. 
Condensation of (A) Thionaphthenquinone (III) and (B) its Anil with the Thioindoxyls. 
Thioindoxyl. Diacetyldihydro-derivatives and m. p. Mixed m. p. X-Ray data. Condensation. 
Thioindoxyl (I) A (a) Colourless needles, 247—-248° 247—248° — ¢ a+fB 
(b) Colourless plates, 132—133° 
B Colourless needles, 247—-248° 
6-Cl-4-Me- (Ib) A Colourless crystals, 139—165° — — a+fB8 
B (Colourless needles, 182—183°) 
5-Cl-7-Me- (Ic) A (a) Colourless needles, 214—216° 214—216 — a+B 
(b) Colourless crystals, 158—160°/ 
B (Colourless needles, 213—215°) 
6-EtO- (Id) A Colourless crystals, 158—167° ; -- — a+f8 
(Colourless crystals, 173—174°) 
4 : 5-Benz- (Ie) A (a) Pale yellow crystals, 214—216° — — a+ 8 
(b) Pale yellow crystals, 166—169° : 
B (Pale brown needles, 215—217°) 
6 : 7-Benz- (If) A Colourless crystals, 245—251° _ —_ a+fB 
B (Colourless needles, 254—256°) 
5 : 6-Benz (Ig) A (a) Pale green needles, 256—258° — _— a+fB 
(b) Pale green crystals, 162—163°/ 
B (Pale green crystals, 254—256°) 
4-Me- (Ih) A Colourless needles, 214—216° , 213—216 —_ af 
B __ Colourless needles, 214—215° “ 
4-Cl- (Ii) A Colourless needles, 204—206° 204—206 —_ at 
B Colourless needles, 205—206° V 
5-Me- (Ij) A (a) Colourless needles, 208—210° 208—210 Id.* a+B 
(b) Colourless plates, 124—125° v 
B (Colourless needles, 208—210°) Id.* : 
7-Me- (Ik) A Colourless needles, 229—230° 229—230 a= at 
B (Colourless needles, 229—230°) 
7-Cl- (Il) A (a) Colourless needles, 229—-230° 229—230 — a+f8 


(b) Colourless plates, 131—132° 
Colourless needles, 229—230° , / 


* X-Ray comparison showed also that the diacetyldihydro-derivatives of A(a) and B were identical. 
+ The filtrates were not examined for possible B-components in these 


w 


” 6 
Diacetyldihydrothioindirubin (Found : C, 62-9; H, 3-8. Calc. for CyH,,0,S,: C, 62-8; H, 3°7%) crystallises with 
,one mclecule of acetic acid and this complex has m. p. 110—115° (Found: C, 59-7; H, 3-8. Cy9H,,0,596,H,O, requires 


5: ¢ 
dihydro 
thioind 








vith 





[1945] the Carbonyl Groups in the Thionaphthenquinones. Part II. 903 


C, 597; H, 4:1%). Mixed diacetyldihydro-derivatives of 6-chloro-4-methylthioindigo and 6-chloro-4-methylthio- 
jndirubin (Found: C, 58-5; H, 3-7. Calc. for C,,H,,0,CIS,: C, 585; H, 35%). The dye from the condensation 
of (Ic) and (III) (Found: C, 59-0; H, 2-9. Calc. for C,,H,O,CIS, : C, 59-2; H, 26%) gave a diacetyldihydro-derivative, 

tallisation of which furnished 5-chloro-7-methyldiacetyldihydrothioindigo (Found: C, 58-7; H, 4-0%) and 5-chloro- 
"-methyldiacetyldihydrothioindinfbin (Found: C, 58:8; H, 35%). Mixed diacetyldihydro-derivatives of 6-ethoxy- 
thioindigo and 6-ethoxythioindirubin (Found : C, 61-7; H, 43. Calc. for C,,H,,0,S,: C, 62-0; H, 42%). Diacetyl- 
dihydro-4 : 5-benzthioindigo (Found: C, 66-7; H, 4:0. Calc. for C,4H,,0,S,: C, 66-7; H, 37%). Diacetyldihydro- 
4: 5-benzthioindirubin (Found: C, 66-3; H, 3-7%). Mixed diacetyldihydro-derivatives of 6: 7-benzthioindigo and 
§; 7-benzthioindirubin (Found: C, 664A; H,3-9%). Diacetyldihydro-5 : 6yenzthioindigo (Found: C, 67-0; H, 40%); 
diacetyldihydro-5 : 6-benzthioindirubin/(Found: C, 66-4; H, 38%). 4WMethylthioindigo (Found: C, 66-0; H, 34. 
CypH O25, Tequires C, 65-8; H, 3:2%); diacetyldihydro-derivakye (Found: C, 63-4; H, 4:1. C,,H 0,5, Pr ie 
C, 63°6; H, 40%). 4-Chlorothioizdigo (Found: C, 58-2; H, 2-2. C,,H,O,CIS, requires C, 58-1;/ H, 2-1%); diagetyl- 
dikydro-derivative (Found: C, 57:6; H, 3-4. Cy 9H,,0,CIS, requires C, 57-6; H, 31%). 5-Methylthioindigo (Found : 
C, 65°9; H, 36%) (G.P. 205,002) ; diacetyldihydrofderivative (Found: C, 63-8; H, 4:3%). {-Methylthioindirubin 
(Found: C, 66-2; H, 34%); diacetyldihydro-derivative (Found: C, 63-5; H, 4-3%).. |7-Methylthioindigo (Found: C, 
65°8; H, 2-9%); diacetyldthydro-derivative (Found: C, 63-8; H, 42%). 7-Chlorothtoindigo (Found: ‘C, 57-9; : 
22%); diacetyldihydroderivative (Found: C, 57-7; H, 33%). 7-Chloro-thioindirubin (Found: C, 57:8; H, 2:2%); 
diacetyldihydro-derivative (Found: C, 57-7; H, 3-1%). 


TABLE III. ’ 
Condensation of (A) 6-Chlovo-4-methylthionaphthenquinone (IIIb), and (B) its Anil, with the Thioindoxyls. 
Thioindoxyl. Diacetyldihydro-derivatives and m. p. Mixed m. p. X-Ray data. Condensation. 
5-Cl-7-Me- (Ic) A Colourless needles, 227—-229° 228—230° —_ a 
B Colourless needles, 228—229° 
4: 5-Benz- (Ie) A Pale yellow needles, 150—200° — , — a+f8B 
B Pale cream needles, 234—235° 
4-Me- (Ih) A Colourless needles, 230—233° 230—234 —_ a 
B (Colourless needles, 232—234°) 
4-Cl- (It) A Pink needles, 240-—242° = — a 
B Pink needles, 240—241° 
5-Me- (Ij) A Pale pink needles, 213—214° 211—214 - a 
B (Colourless needles, 211—212°) 
7-Me- (Ik) A Colourless needles, 190—193° 190—193 — a 
B (Colourless needles, 190—193°) 
7-Cl- (I) A Pale pink needles, 191—192° a Id. a 
B (Colourless needles, 191—193°) Id. 


5 : 6'-Dichloro-7 : 4’-dimethylthioividigo (Found: C, 54-9; H, 2-4. C,H, ClgS, requires C, 55-0; H, 25%); diactfyl- 
dihydro-derivative (Found: C, 55-0; H, 3-6. C,,H,,0,CI,S, requires C, 55-1; H, 3-3%). 6’-Chloro-4’-methyl-4 : 5-benz- 
thioindigo (Found: C, 64:0; H, 3-0. C,,H,,0,CIS, requires C, 63-9; H, 2-8%); diacetyldihydro-derivative (Found for 
specimen, m. p. 150—200° as above: C, 62:7; H,3-7. C,;H,,0,CIS, requires C, 62-4; H, 3°5%); after four recrystall- 
isations, m. p. 223—-226° (Found: C, 62-8; H, 3-6%). The original diacetyldihydro-derjvative was therefore a mixture 
of the two isomers, the thioindigo being in greater proportion. 6’-Chloro-A: 4’-dimahylthioindigo (Found: C, 60-4; 
H, 3-4. C,,H,,0,CIS, requires C, 60-2; H, 3-1%) (F.P. 648,861) ; diacetyMihydro-derivative (Found: C, 59-2; H, 4-1. 
CyH,,0,CIS, requires C, 59-4; H, 38%). 4: 6’-Dichloro-4/-methyl-thioindigo (Found: C, 53-5; H, 2-2. C,,H,O,CI,S, 
requires C, 53-8; H, 2-1%) (E.P. 355,662) ; diacetyldipydro-derivative (Found : C, 54:2; H,3-2. CygkF,,0,Cl,S, requires 
C, 54:2; H, 30%). 6’-Chloro-5 : 4’-dimethylthioindigo’ (Found : C, 60-2; H, 28%); diacetyldih)dro-derivative (Found : 


C,59°3; H, 40%). 6’-Chloro-7 : 4’-dimethylthioindigo (Found: C, 60-0; H, 3-2%); diacetyldihydro-derivative (Found * 
C, 59-8; H, 42%). 7: 6’-Dichlovo-4'-methylthioindigo (Found: C, 54-0; H, 2-2%); diacetyldihydro-derivative (Found : 
C, 54-2; H, 3-2%). 
TaBLe IV. 
Condensation of (A) 5-Chlovo-7-methylthionaphthenquinone (IIIc), and (B) its Anil, with the Thioindoxyls. 
Thioindoxyl. Diacetyldihydro-derivatives and m. p. Mixed m. p. X-Ray data. Condensation. 
6-Cl-4-Me- (Ib) A Colourless needles, 229—230° — | — a 
B (Colourless needles, 228—229°) 
6 : 7-Benz- (If) A (a) Colourless needles, 236—238° — — a+f8 
(6) Colourless plates, 171—173° 
. B (Colourless needles, 235—238°) 
4-Me- (Ih) A Fine colourless needles, 218—220° 218—220° a a 
B (Fine colourless needles, 218—220°) 
4-Cl- (Ii) A White fibres, 231—232° -— — a 
B (White fibres, 230—231°) 
5-Me- (Ij) A Colourless needles, 263—264° 263—264 —_ a 
B Colourless needles, 263—264° 
7-Me- (Ik) A Colourless needles, 234—235° 234—235 - a 
B Colourless needles, 234—236° 
7-Cl- (I/) A Fibrous colourless needles, 245—246° 245—246 —, a 
B Fibrous colourless needles, 245—246° 


The diacetyldihydro-derivative of the product from (If) and (IIIc) gave a first crop, m. p. 236—238°, and a second 
crop, m. p. 169—174°, being raised to 171—173° on further recrystallisation (Found: C, 62-1; H, 3-6%). The original 
condensation product therefore contained both 5 ploro-1-methy 6 7-benzthioindigo (50—60%) and 5 chfo-T 
methyl-6,: 7-benzthioindirubin. 5’-Chloro-4 : 7’-diwethylthigindigo (Found: C, 60-2; H, 3-0%); diacet¥ldihydro- 
devivative (Found: C, 59-6; H, 3-7%). 4: B-Dichlorot?mapayltnioindsgo (Found : C, 53-9; H, 2-1%); coreg 4 
derivative (Found: C, 54:5; H, 3-2%). 5’-Chloro-5 : V<dimethylthiowdigo (Found: C, 60-1; H, 3:1%); didtetyl- 
dihydro-derivative (Found: C, 59-6; H, 4:2%). 5’-Chloro-7: U>dtmethylthioindigo (Found C, 60:3; H, 3:3%)> 
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diacetyldihydro-derivatibe (Found: C, 59-5; H, 35%). 7: 5’-Dichloro-¥-methylthioindigo (Found: C, 53-9; H, 2-39), 
diacetyldihydro-derivative (Found: C, 54:3; H, 3-4%). ”" 


TABLE V. 
Condensation of (A) 6-Ethoxythionaphthenquinone (IIId), and (B) its Anil, with the Thioindoxyls, 
Thioindoxyl. Diacetyldihydro-derivatives and m. p. Mixed m, p. X-Ray data. Condensation, 
Thioindoxyl] (I) A (a) Colourless crystals, 173—-174° = ae a+p 
(6) Colourless crystals, 132—133° 
B Colourless crystals, 173—174° 
6-Cl-4-Me- (Ib) A Pale pink crystals, 180—198° a -— a+B8 
B (Pale pink needles, 186—188°) 
5-Cl-7-Me- (Ic) A Colourless crystals, 159—177° ae —- a+B 
B (Colourless needles, 213—215°) 
6-EtO- (Id) A (a) Colourless crystals, 228—230° oo a a+Bs 
(6) Colourless crystals, 175—190° 
B (Pale brown crystals, 230—232°) 
4: 5-Benz- (Ie) A Acetylation unsatisfactory oe Mainly a a+Bp 
B (Pale yellow plates, 223—225°) Some B 
6 : 7-Benz- (If) A (a) Colourless needles, 215—-217° == a a+fB8B 
(b) Colourless plates, 165—166° 
5 : 6-Benz- (Ig) A (a) Pale green needles, 224—226° —- os a+B 
(b) Pale green plates, 167—169° 
B (Pale yellow crystals, 224—225°) 
4-Me- (IA) A Pale pink needles, 157—161° 158—-161° Mixture a+fB 
B Colourless needles, 160—161° 
4-Cl- (Ii) A (a) Colourless needles, 170—171° 170—171 — a+f8 
(b) Colourless plates, 152—153° 
B Cream needles, 170—171° 
5-Me- (Ij) A Fibrous colourless needles, 180—182° 180—184 Mixture a+fB 
B Fibrous pink needles, 184—186° 
7-Me- (Ik) A Pale pink needles, 159—161° 158—161 Mixture a+fB 
B Pale pink needles, 160—161° 
7-Chloro- (Il) A (a) Colourless needles, 181—182° 181—183 a+fB 


(6) Colourless plates, 158—159° 
(Pale pink needles, 181—183°) 


vs] 


The original diacetyldihydro-derivative of the condensation product of (I) and (IIId) had m. p. 127—165°; after 
separation, a-component (Found : C, 62-0; H, 4-5%); B-component (Found : C, 62-0; H,4-0%). The original diacetyl- 
dihydro-derivative from the product of (Ib) and (IIId), m. p. 180—198° (Found: C, 58-4; H,4-1. Calc. for C,,H,,0,CIs,: 
C, 58-2; H, 4-0%), had m. p. 184—211° after one further recrystallisation. The original diacetyldihydro-derivative from 
the product of (Ic) and (IIId) of m. p. 159—177° (Found: C, 57-9; H, 4-0%) changed to m. p. 155—170° after one 
recrystallisation. The diacetyldihydro-derivative from the product of (Id) and (IIId) gave a first crop, m. p. 228—230°, 
and a second crop, m. p. 175—]90° softening above 130° (Found: C, 61:0; H, 4:9%. Calc. for C,,H,,0,S,: C, 613; 
H, 4:7%). 6’-Ethoxy-4 : 5-bek2thioindirubin (Found: C, 67-4; H, 4-0. C,,H,,0,S, requires C, 67-7; H, 3-6%). The 
original diacetyldihydro-derivative from the product of (If) and (IIId) had m. p. 162—174°; crystallisation gave a-com- 
ponent (Found: C, 65:2; H, 44%. Calc. for C,,H,,0,S,: C, 65-5; H, 4-2%) and 6’-ethoxydiacetyldihydro-4 : 5-bens- 
thioindirubin (Found : C, 65:2; H, 45%). 6’-Ethoxydiacetyldihydro-56-benzthioindirubin (Found : C, 65-6; H, 44%). 
6’-Ethoxy-4-methylthioindigo (Found: C, 64:3; H, 3-8. C,)H,,0,S, requires C, 64-4; ee ee diacetyldihydro- 
derivative (Fouhd: C, 62-4; H, 4-4. C,,H,,0,S, requires C, 62-7; H, 4:5%). 4-Chloro-6’-bthoxythioindigo (Found: 
C, 57-6; H, 3-0. C,,H,,0,CIS, requires C, 57:7; H, 2-9%); diacetyldihpdro-derivative (Found: C, 57-4; H, 3%. 
C,.H,,0,CIS, requires C, 57-3; H, 3-7%). This diacetyldihydro-derivative also crystallises with one molecule of acetic 
acid of recrystallisation, and this conyplex has m. p. 135° (Found: C, 55-7; H, 4-4. ea eae Pate ete requires 
C, 55-4; H, 4-0%); drying at 80°/15 mm. in CO, causes loss of acetic acid, and the m. p. rises to —171°. The addition 
of alcohol to the staededdinunt mother liquor from the recrystallisation of this thioindigo precipitated darker cry 
of 4-chloro-6'-ethoxythiayndirubin, which were then recrystallised from nitrobenzene (Found : C, 57-8; H, 3-2%); diadélyl 
dihydro-derivative (Found : C, 57-0; H,3-9%). 6’-Ethoxy-5-methylthioindigo (Found : C, 64:3; H, 4-2%) ; diacetyldihydro- 
derivative (Found: C, 62-6; H, 4:4%). 6’-Ethoxy-7-meth§lthioindigo (Found: C, 64:1; H, 40%); diacetyldmpytro- 
derivative (Found: C, 63-0; H, 4:7%). 7-Chloro-6’-ethoxy-thioindigo (Found: C, 57-7; H, 30%); diacetyldihydn- 
derivative (Found: C, 57-4; H, 39%). Addition of alcohol to the nitrobenzene mother-liquor precipitated darker 
crystals of 7-chloro-6'-ethoxythigindirubin which were recrystallised from nitrobenzene (Found: C, 57-6; H, 3-0%); 
diacetyldihydro-deriyative (Found: C, 57-0; H, 3-8%). 


TaBLeE VI, 
Condensation of (A) 4: 5-Benzthionaphthenquinone (IIIe), and (B) its Anil, with the Thioindoxyls. 
Thioindoxyl. Diacetyldihydro-derivatives and m. p. Mixed m, p. X-Ray data. Condensation. 
4-Me- (Ih) A ___ Yellow needles, 201—202° 201—202° o— a 
B (Pale green needles, 201—202°) - 
4-Cl- (Ii) A Pale brown needles, 237—238° _ _— a 
B a green needles, 235—236°) 
5-Me- (Ij) A ellow needles, 244—246° 244—246 —_ a 
B Pale brown needles, 244—246° 
7-Me- (Ik) A Pale pink needles, 209—211° 208—211 Id. a 
B Pale pink needles, 204—206° Id. 
7-Cl- (Ii) A Yellow needles, 216—217° 215—217 — a 
B (Pale green needles, 215—216°) 
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4-Methyl-4’ : 5’-bénzthioindigo (Found: C, 70-0; H, 3-6. C,,H,,0,S, requires C, 70-0; HY 3-3%); diacetYidihydro- 
deyiwative (Found: C, 67:6; H, 4:5. C,,H,,0,S, requires C; 67:3; H, 4-0%). 4-Chloro-4": 5’-benzthioindigo (Found : 
C, 63:2; H, 2-3. CyoH,O,ClS, requires of 63-1; H, 2-4%) (F.P. 593,560) ; diacetyldihydroGerivative (Found: C, 61-4; 
H, 3°4. CggH,0,Cls, requires C, 61-1; H,3-2%). 5-Methyl-4* 5-benzthioindigo (Found: C, 70-1; H, 3-3%); didcetyl- 
dihydro-derwative (Found: C, 66-9; H, 38%). 7-Methyl-4(--6-beysthioindigo (Found: C, 70-1; H, 3°5%) ; Ge. 
dihydro-derivative (Found: C, 67-6; H, 39%). 7-Chloro-4’ : 6 -bghethioindigo (Found: C, 62-9; H, 2-3%); di 1- 
djhydro-derivative (Found : C, 61-1; H, 3-5%). 


TABLE VII. 
Condensation of (A) 6: 7-Benzthionaphthenquinone (IIIf), and (B) its Anil, with:the Thioindoxyls. 
Thioindoxy]. Diacetyldihydro-derivatives and m. p. Mixed m. p. X-Ray data. Condensation. 
4-Me-6-Cl- (Ib) A Colourless needles, 246—248° 246—249° — a 
B (Pale brown needles, 252—253°) 
6-EtO- (Id) A (a) Colourless needles, 206—209° — . cnn a+fp 
(6) Colourless orystals, 175—176° 
B (Pale pink needles, 205—208°) 
4: 56-Benz- (Le) A Pale brown needles, 216—220° — _ a+f 
B Pale brown needles, 255—257°)) 
4-Me- (Ih) A Fibrous colourless needles, 235—237° 235—237 — a 
B (Fibrous colourless needles, 235—237°) 
4-C]- (Is) A Colourless needles, 230—231° 230—231 — a 
B (Colourless needles, 230—231°) 
5-Me- (I7) A Fibrous colourless needles, 245—247° 245—247 — a 
B Fibrous colourless needles, 245—247° 
7-Me- (Ik) A (a) Colourless needles, 253—254° - — om a+, 
(b) Colourless plates, 180—181° 
B Colourless needles, 249—250° 
7-Cl- (Id) A Colourless needles, 251—252° 250—252 — a 
B (Pale green needles, 250—251°) 


The original diacetyldihydro-derivative from the product (Id) and (IIIf) separated as two crops, m. p.’s 200—206° 
and 162—-176°, which were recrystallised to constant m. p.: a-component (Found: C, 65-3; H, 4-3%); $-component 
(Found: C, 65-3; H, 45%). The diacetyldihydro-derivative from the product of (Ie) and (IIIf), m. p. 216—220° 
(Found : C, 69-8; H, rH, gone: to m. p. 219—220° by recrystallisation, was predomi ly £-derivative, contain- 
ing some a-. 4-Methyl-6’ 1'-benzthioindigo (Found: C, 70-0; H, 3:3%); diacetyldihydreGerivative (Found: C, 67-2; 
H, 44%). 4-Chloro-6’ : 7’-benzthioindigo (Found: C, 63:1; H, 2-6%); diacetyldihydro-derivative (Found: C, 61-3; 
H, 35%). 5-Methyl-6’ y7’-benzthioindigo (Found: C, 70-3; H, 34%); diacetyldiyd¥fo-derivative (Found: C, 67-4; 
H, 38%). 7-Methyl-6’ »¥-benzthioindigo (Found: C, 69-8; H, 34%); the crude dyestuff from preparation A gave a 
diacetyldihydro-derivatiye, m. p. 175—225° (Found : C, 66-8; H, 40%), and the latter was therefore a mixture of the 
two isomeric diacetyldihydro-derivatives onl This mixture was fractionally crystallised to give the two components 
ofconstant.m.p.: 7-Methyl-diacetyldihydr : 7’-benzthioindigo (m. p. 253—254°) (Found : C, 66-9; H, 4-2%); 7-methyl- 
diacetyldihydro-6’ : 7’-benzthiowmdirubin (m. p. 180—181°) (Found: C, 66-9; H, 4-0. C,,H,,0,S, requires C, 67-3; 


"H, 40%). 7-Chloro-6’ : 7’-bengthioindigo (Found : C, 63:2; H, 2-6%); diacetyldihydro-@erivative (Found: C, 61-2; 


H, 3-5%). 
TaBLe VIII. 
. Condensation of (A) 5: 6-Benzthionaphthenquinone (IIlg), and (B) its Anil, with the Thioindoxyls. 
Thioindoxy]l. Diacetyldihydro-derivatives and m. p. Mixed m. p. X-Ray data. Condensation. 
Thioindoxyl (I) A Pale green crystals, 183—-184° — ane a+f 
B (Pale green plates, 254—256°) : 
6-Cl-4-Me- (Ib) A (a) Pale green needles, 261—263° ~s slew a+, 
(b) Pale brown crystals, 186—188° 
B (Pale green needles, 261—263°) 
5-Cl-7-Me- (Ic) A Pale green crystals, 130—165° — _— a+fB8 
B (Pale green needles, 258—260°) 
6-EtO- (Id) A (a) Pale green crystals, 224—245° — — _a+B8 
(6) Pale yellow crystals, 166—167° , 
B (Pale yellow crystals, 224—225°) 
4 : 5-Benz- (Ie) A Pale yellow crystals, 178—187° — ome a+, 
B (Green-yellow needles, 263—265°) 
6 : 7-Benz- (If) A Pale yellow needles, 177—186° — — a+f 
B (Greenish brown plates, 251—253° 
5 : 6-Benz- (Ig) A Pale green crystals, 227—235° — oon a+, 
B (Pale green needles, 297—300°)  - 
4-Me- (Ih) A Pale green crystals, 222—-224° — _ a+ 
B Not acetylated (see below) 
4-Cl- (Ii) A Pale yellow crystals, 202—203° — Non-id. a+f8 
B Not acetylate sities ten eee 
5-Me- | (Ij A (a) Pale green needles, 26 69° . 
3) (b) Pale green plates, 198—199° } - { Mixture o+6 
B Not acetylated 
7-Me- (I&) A, Pale yellow crystals, 198—210° —~ a a+f8 
B Pale green crystals, 250—253° 
7-Cl- (If) A Pale green, plates, 147—148° _ _— a+, 
B Not acetylated 


3P 
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The original diacetyldihydro-derivative from the product of (I) and/(IIIg) had m. & 173—190° and was fractionally 
recrystallised into its components; diacetyldihydro-5’ : 6’-benzthioindimbin (Found: C, 66-4; H, 40%). The product 
of ([b) and (IIIg) was separated into its two ee: diacetyldihydro-4-methyl-6-chloro-5’ : 6’-benzthioindigo 
(Found: C, 62-8; H, 39%). 6-Chloro-4-methyl-&/: 6’-benzthioindirubin (Found : C, 63-7; H, 3-1%); diacetyldihydyo. 
derivative (Found : C, 62-3; H, 3-4%). The diacetyldihydro-derivative, m. p. 130—165°, from the product of (Ic) ang 
(IIIg) (Found: C, 62-0; H, 3-8%), after recrystallisation had m. p. 140—155°. The diacetyldihydro-derivative/from 
the product of (Id) and (IIIg) had m. p. 118—155° and was separated by fractional recrystallisation; 6-ethoxydjacety]. 
dihydro-5’ : 6’-benzthioindirubin (m. p. 166—167°) (Found: C, 65-1; H, 43%). The diacetyldihydro-derivative from 
the product of (Ie) and (IIIg) had m. p. 178—187°, raised to 185—195° by one recrystallisation (Found: C, 70:2; q 
4-2%); that derived from the product of (If) and (IIIg) had m. p. 177—186° (Found : C, 69-5; H, 40%). The diacetyl. 
dihydro-derivative from the condensation of (Ig) and (IIIg) had m. p. 227—235° (Found : C, 69-8; H, 4:2%) changi 

to 225—232° after one recrystallisation. .4-Methyl-5’ : 6’-bénzthioindigo (Found : C, 69-7; H, 3-3%) ; the diacetyldihydro- 
derivative of the product from (Ih) and (IIIg) had m. p. 185—215° (Found: C, 67-7; H, 45%) andwas therefore a 
mixture of the two isomeric diacetyldihydro-thioindigo and -thioindirubin only. The above diacééfldihydro-derivative, 
m. p. 222—224°, was isolated by repeated recrystallisation (Found: C, 67-5; H, 45%) (sufficient quantity of the 
authentic thioindigo not being available prevented its complete identification). 4-Chloro-5’ : 6’-benzthioindigo (Found: 
C, 63:1; H, 2-6%). The diacetyldihydro-derivative of the product from (Ii) and (IIIg) had m. p. 166—174° (Found: 


C, 61:2; H, 3-6%) and therefore was a mixture of the two possible isomers only ; repeated recrystallisation gave a diatetyk” 


dihydro-derivative, m. p. 202—203° (Found: C, 61-2; H, 3-2%), but insufficient material again made its complete 


_ identification uncertain. 5-Methyl-5’ : 6’-benzthioindigo (Found: C, 69-8; H, 3-4%). The diacetyldihydro-derivative . 


’ of the product from (Ij) and (IIIg) had m. p. 197—215° (Found: C, 67-0» H, 4-0%) and therefore it was a mixture of: 
the two possible isomers only; it was separated into two components by fractional crystallisation from acetic acid and 
these were recrystallised to a constant m. p., giving 5-methyldiacetyldihydvo-b’ : 6’-benzthioindigo (the less soluble fraction, 
m. p. 267—269°. Found: C, 67-1; H, 4:2%)-and 5-methyldiacetyldihydro-5’ : 6’-behzthioindirubin, m. p. 198—199° 
(Found: C, 66-9; H, 4:2%). 7-Methyl-5’ +6’-benzthioindigo (Found: C, 69-7; H, 3:4%); diacetyldihylro-derivative 
(Found: C, 67:3; H, 4:3%). The diacetyldihydro-derivative of the product from (Ik) and (IIIg) had m. p. 198—210° 
(Found: C, 67-6; H, 45%) and was therefore a mixture of the two isomeric a- and £-condensation products only; 
repeated recrystallisation gave the pure a-form. 7-Chloro-5’ : 6’-benzthioindigo (Found: C, 62-9; H, 2-7%). The 
diacetyldihydro-derivative of the product from (I/) and (IIIg) was separated \by fractional crystallisation from acetic acid 
into a very small fraction, m. p. 240—248° (pale green needles, probably diafetyldihydro-7-chloro-5’ : 6’-benzthioindigo), 


and a large fraction which on recrystallisation gave 7-chlorodiacetyldihydto-5’ : 6’-benzthioindirubin, m. p. 147—148°/ 


(Found: C, 61-5; H, 3-4. C,,H,,0,CIS, requires C, 61-1; H, 3-2%); sufficient quantity of the authentic thioindigo not 
being available, its complete identification was indeterminate. 

The failure, previously recorded, to reduce thioindirubins containing the 5 : 6-benzthionaphthen group was apparently 
due to the presence of impurities produced by the use of acetic anhydride in the original condensation; we find that 
reduction to the diacetyldihydro-derivatives proceeds smoothly if the condensation has been performed in our standard 
medium. 


TABLE IX. 


Condensation of (A) 4-Methylthionapthenquinone (IIIh), and (B) its Anil, with the Thioindoxyls. 


Thioindoxyl. Diacetyldihydro-derivatives and m. p. Mixed m. p. X-Ray data. Condensation. 

Thioindoxyl] (I) A Colourless needles, 214—215° 214—215° _- a 
B (Colourless needles, 214—215°) 

6-Cl-4-Me- (Id) A Fibrous pale pink needles, 233—-234° 232—234 —_— a 
B Fibrous colourless needles, 232—234° 

5-Cl-7-Me- (Ic) A Fibrous colourless needles; 216—218° 217—219 a a 
B Fibrous colourless needles, 218—220 

6-EtO- (Id) A Pale pink needles, 156—160° 157—161 Id. a 
B (Colourless needles, 160—161° 

4: 5-Benz- (Ie) A Pale brown needles, 198—202° -—- — a 
B Pale green needles, 201—202° ‘ 

6 : 7-Benz- (If) A Fibrous colourless needles, 236—237° 235—237 — a 
B Fibrous colourless needles, 235—237° 

4-Me- (Ih) A Pale pink needles, 247—-248° - a 

: B Pale pink needles, 247—-249° * 

4-Cl- (Iz) A Pale pink needles, 244—246° — -— a 
B Pale pink needles, 246—247° 

5-Me- (Ij) A Colourless needles, 194—195° 194—195 — a 
B Pale pink needles, 194—195° 

7-Me- (Ik) A Colourless needles, 200—201° — — a 
B (Colourless needles, 200—201°) 

7-Cl- (I2) A Colourless needles, 219—220° 219—220 — a 
B Colourless needles, 219—220° 


* The authentic 4: 4’-dimethylthioindigo was prepared by oxidation of 4-methylthioindoxyl, and not from the 
anil. 


4: 4’-Dimethylthidindigo (Found: C, 67-0; H, 3-8%) (E.P. 279,489); diacetyldihydro-derivatiye (Found: C, 65-0; 
H, 51%). 4-Chloro-4’ -ngthylthioindi o (Found: C, 59-5; H, 2-7%) (E.P. 365,662); diacetyldihydvo-derivative (Found : 
C, 58:2; H, 3-7%). 5: 4’-Dimethylthioindigo (Found: C, 66-8; H, 3-9. C,,H,,0,S, requires C, 66-7; Hi 3-7%); 
diacetyldihydro-derivative (Found: C, 64-6; H,A-7. Cy gH,,0,S, requires C, 64-4; H, 44%). 17: 4’-Dimethpthioindigo 
(Found: C, 66-9; H, 3:8%); diacetyldihydrp-derivative (Found: C, 64:7; H, 44%). 7-Chloro-4’>methylthioindigo 
(Found : C, 59-4; H, 29%); diacetyldithydro-derivative (Found: C, 58-7; H, 3-7%). 
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TABLE X. 
Condensation of (A) 4-Chlorothionaphthenquinone (IIIi), and (B) its Anil, with the Thioindoxyls. 
Thioindoxyl. Diacetyldihydro-derivatives and m. p. Mixed m, p. X-Ray data. Condensation. 

Thioindoxy]l (I) & Colourless needles, 200—201° 200—204° — a 
B (Colourless needles, 205—206°) 

6-Cl-4-Me- (Ib) A Pink needles, 241—243° 240—243 a a 
B (Pink needles, 240—241°) 

5-Cl-7-Me- (Ic) A Colourless needles, 231—232° 229—232 — a 
B Colourless needles, 230—231° 

6-EtO- (Id) A Fibrous cream needles, 171—172° * 170—172 — a 
B (Fibrous cream needles, 170—171°) * 

4: 5-Benz- (Ie) A Pale green needles, 234—235° 235—236 —_ a 
B Pale green needles, 235—236° 

6 : 7-Benz- (If) A Pale brown needles, 229—231° 229—231 = a 
B Colourless needles, 230—231° 

4-Me- (Ih) A Pink needles, 246—247° a — a 
B (Pink needles, 246—247°) 

4-Cl- (Iz) A Pink needles, 275—277° 275—277 — a 
B Pink needles, 273—275° + 

5-Me- (Ij) A Colourless needles, 207—-208° _— _— B 
B (White needles, 149—151°) 

7-Me- (IR) A Colourless needles, 183—184° —_ oa B 
B (Colourless needles, 165—167°) 

7-Cl- (Tl) A Colourless plates, 231—232° — — B 
B . (Colourless needles, 162—164°) 


* M. p. of diacetyldihydro-derivative after drying in CO,. 
t+ The authentic 4: 4’-dichlorothioindigo was prepared by oxidation of 4-chlorothioindoxyl, and not from the anil. 


4: 4’-Dichlorothioindigo (Found : C, 52-7; H, 1-8. C,,H,O,Cl,S, requires C, 52-6; H, 1-6%) (B.P. 355,661); diacetsle 
dihydro-derivative (Found: C, 53-2; H, 2:4 C, 9H,,0,Cl,S, requires C, 53-2; H, 2-7%). 4’-Chlovo-5-méethylthioindigo 
(Found: C, 59-1; H, 2-8%); diacetyldifiydro-derivative (Found: C, 58-2; H, 3°6%). 4’-Chloro-5-methylthioindirubin 
(Found: C, 59:5; H, 2-8. C,,H,O,CIS, requires C, 59-2; H, 2-6%); diacetyldihydro-derivative (Found: C, 58-3; 
H, 36. C,,H,,0,CIS, requires C, 58-5; H, 2-8%). 4’-Chloro-7-methylthioindigo (Found: C, 59-4; H, 2°8%); diacetyl- 
dihydvo-derivative (Found: C, 58-4; H, 3-6%). 4’-Chloro-7-methylthioindirubin (Found : C, 59-5; H, 3-0%); diacetyl- 
dihydro-derivative (Found: C, 58:3; H, 3/7%). 7: 4’-Dichlovothioindigo (Found: C, 52-8; H, 20%); diacetyigihydro- 
derivative (Found: C, 53-5; H, 3-1%). /7: 4’-Dichlorothioindérubin (Found: C, 52-3; H, 1-9. C,,H,O,Cl,S, requires 
C, 52-6; H, 16%); diacetyldihydro-dervative (Found: C, 53-0; H, 2-7. Cy9H,,0,Cl,S, requires C, 53-2; H, 2-7%). 


‘ 


TABLE XI. 
Condensation of (A) 5-Methylthionaphthenquinone (IIIj), and (B) its Anil, with the Thioindoxyls. 
Thioindoxyl. Diacetyldihydro-derivatives and m. p. Mixed m. p. X-Ray data. Condensation. 

Thioindoxy] (I) A Colourless needles, 206—207° 206—208° -- a 
B (Colourless needles, 208—210°) 

6-Cl-4-Me- (Id) A Colourless needles, 211—212° 211—212 —_ a 
B Colourless needles, 211—212° 

5-Cl-7-Me- (Ic) A Colourless needles, 263—264° 263—264 oo a 
B (Colourless needles, 263—264°) 

6-EtO- (Id) A Pink fibres, 183—186° 183—186 — a 
B (Pink fibres, 183—186°) 

4: 5-Benz- (Ie) A Pale green crystals, 244—246° 244—246 —_— a 
B (Pale brown crystals, 244—246°) 

6 : 7-Benz- (If) A Fibrous colourless needles, 244—246° 244—246 — a 
B (Fibrous colourless needles, 245—247°) 

5 : 6-Benz- (Ig) > — Id. a 

4-Me- (If) A Pale pink needles, 194—195° 194—195 = a 
B (Pale pink needles, 194—195°) 

4-Cl- (Ii) A Colourless needles, 202—204° — Non-id. B 
B Colourless needles, 149—151° 

5-Me- (Ij) A Colourless needles, 253—255° — — a 
B Colourless needles, 252—254° * 

7-Me- (If) A Colourless needles, 193—194° 192—194 _ a 
B (Colourless needles, 192—194°) ’ 

7-Cl- (I?) A Colourless needles, 207—208° 207—208 — a 
B Colourless needles, 207—208° 


* The authentic 5 : 5’-dimethylthioindigo was prepared by oxidation of 5-methylthioindoxyl, and not from the anil. 
| 


4-Chloro-5’-met gikioindirubin (Found: C, 59-1; H, 22%); diacetyldihydro-derivative (Found C, 58-8; H, 3-7%). 
5 : 5’-Dimethylthiotndigo (Found: C, 66-4; H, 39%) (G.P. 241,910; 243,087) ; diacetyl thydvo-derivative (Found: C, 
64:4; H, 48%). 7: 5’-Dimethyltioindigo (Found: C, 66-5; H, 40%); diacetyldihydro-derivative (Found: C, 64-4; 
H, 4:6%). 7-Chloro-5’-methyjthioindigo (Found: C, 59:0; H, 2:7%); diacetyldihydro-derivative (Found: Cl, 82. 
C,,H,,0,CIS, requires Cl, 8-2%). 
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TABLE XII. 
Condensation of (A) 7-Methylthionaphthenquinone (IIIk), and (B) its Anil, with the Thioindoxyls. 


Thioindoxyls. Diacetyldihydro-derivative and m. p. Mixed m. p. X-Ray data. Condensation, 
Thioindoxyl (I) A’ (a) Colourless needles, 229—230° —_ — a+fB8 
(b) Colourless crystals, 144—146° 

B (Colourless needles, 229—230°) 

6-Cl-4-Me- (Ib) A (a) Colourless needles, 192—194° oo — a+p 

(6) Pale pink crystals, 285—-287° 

B Colourless needles, 194—195° 

5-Cl-7-Me- (Ic) A Colourless needles, 234—236° 234—236° — a 
B (Colourless needles, 234—236°) : 

6-EtO- (Id) A Pink needles, 158—161° a Mainly a a+fs 
B (Pink needles, 160—161°) Some f 

4: 5-Benz (Ie) A Pale brown needles, 256—258° 203—205 Non-id. B 
B (Pale pink needles, 204—206°) 

6 : 7-Benz- (If) A Colourless needles, 249—251° 249—251 a a 
B (Colourless needles, 249—250°) 

5 : 6-Benz- (Ig) A Not acetylated a+ Non-id. B 
B (Pale green crystals, 250—253°) 

4-Me- (Ih) A Colourless needles, 200—201° 200—202 — a 
B Colourless needles, 200—201° 

4-Cl- (It) A Colourless needles, 187—188° 166—173 — B 
B Colourless needles, 165—167° 

5-Me- (Ij) A Colourless needles, 190—193° 190—194 — a 
B Colourless needles, 192—194° f 

7-Me- (Ik) A Colourless needles, 244—246° 244—246 — a 
B Colourless needles, 244—246° * 

7-Cl- (I/) A Fibrous colourless needles, 243—-244° 243—244 —_— a 
B Fibrous colourless needles, 243—244° 


* The authentic 7 : 7’-dimethylthioindigo was prepared by oxidation of 7-methylthioindoxyl, and not from the anil, 


Fs 

7'-Methylthioindirubin (Found: C, 65-4; H, 3-4. C,H .0,S, requires C, 65-8; H, 3-2%). The original diacetyl- 
dihydro-derivative, m. p. 163—167°, was separated into two fractions, which were recrystallised to constant m. p. 
(a) White needles (a-component), m. p. 229—230°, (b) 7’-methyldiacetyldihydyothioindirubin (Found : C, 63-3; H, 3-1%), 
m. p. 144—146°. The diacetyldihydro-derivative of the product from (Ib) and (IIIA) had m. p. 163—171° (Found: 
C, 59-4; H, 43%) and was therefore a mixture of the two possible isomers only; it was separated into two fractions 
which were recrystallised to constant m. p., giving the diacetyldihydro-thioindigo and also 6-chloraed’ 1’-dimethyl- 
diacetyldihydrothioindirubin (Found: C, 59-6; H, 34%). ~Methyl-4 “benzthioindirubin (Found: C, 70-3; H, 3:3. 
C,,H,,0,S, requires C, ‘70-0; H, 3-3%). 7’-Methyl-5: @-bénzthioindirubin (Found: C, 70-0; H, 3-2%). 4-@hloro-7’ 
methylthioindirubin (Found: C, 59-5; H, 2:9%); diacetyldihydyo-derivative (Found: C, 58-6; H, 35%). 7: 7’-Di- 
methylthioindigo (Found: C, 66:7; H, 3:7%) (Guha, J. Ind. Chem. Soc., 1943, 20, 37); diacetyldihydveQerivative 
(Found: C, 64:7; H, 4:1%). 7-Chlovo-7’-methyithioindigo (Found: C, 59-2; H, 2-8%); diacetyldthydvo-derivatite 
(Found: C, 58-4; H, 3-4%). ' 


TABLE XIII. 
Condensation of (A) 7-Chlorothionaphthenquinone (IIIl), and (B) its Anil, with the Thioindoxyls. 
Thioindoxyl. Diacetyldihydro-derivatives and m. p. Mixed m. p. X-Ray data. Condensation. 

Thioindoxyl] (I) A Colourless needles, 229—230° 229—230° -— a 
B (Colourless needles, 229—230°) 

6-Cl-4-Me- (Ib) A Colourless needles, 195—215° - — a+, 
B Colourless needles, 191—193°) 

5-Cl-7-Me- (Ic) A _Fibrous colourless needles, 245—246° 245—246 _ a 
B (Fibrous colourless needles, 245—246°) 

6-EtO- (Id) A Pink needles, 180—182° 180—183 — a 
B Pink needles, 181—183° 

4 : 5-Benz- (Ie) A Pale green needles, 211—213° 211—214 _— a 
B Pale green needles, 215—216° 

6 : 7-Benz- (If) A Pale yellow needles, 251—252° 250—252 — a 
B Pale green needles, 250—251° 

4-Me- (Ih) A Pale pink needles, 197—200° — — a+f8 
B (Colourless needles, 219—220°) 

4-Cl- (Ii) A Colourless needles, 222—223° — — B 
B-: Colourless needles, 162—164° 

5-Me- (Ij) A Fibrous colourless needles, 190—202° — — a+, 
B (Colourless needles, 207—208°) 

7-Me- (Ik) A Pale orange needles, 242—244° ° 242—244 — a 
B Fibrous colourless needles, 243—-244°) 

7-Cl- (Ii) A Fibrous colourless needles, 280—281° 280—281 —— a’ 
B Fibrous colourless needles, 283—284° * 


* The authentic 7 : 7’-dichlorothioindigo was prepared by oxidation of 7-chlorothioindoxyl, and not from the anil. 


The diacetyldihydro-derivative of the product from (Ib) and (III/) had m. p. 195—215° (Found: C, 54-5; H, 3-1%) 
and therefore was a mixture of the two possible isomers only ; further recrystallisation of this mixture steadily raised the 
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m. p., and after four recrystallisations the m. p. was 218—253° (Found: Cl, 15-3. Calc. for C,,H,,0,C1,S,: Cl, 15-3%). 
Recrystallisation therefore resulted in the isolation of 6 : 7’-dichloro-4-methyldiacetyldihydrothioindirubin ; the isolation 
could not be completed owing to lack of material. 4: 7’-Dichlorothioiudirubin (Found: C, 52:3; H, 16%); diacetyl- 
dihydro-derivative (Found: C, 52-9; H, 2:7%). The diacetyldihydro-derivative of the product from (Ij) and (III/) 
had m. p. 190—202° (Found : C, 58-6; H, 3-4%) and was therefore a mixture of the two possible isomers only ; recrystall- 
isation furnished ultimately 7’-chloro-5-methyldiacetyldihydrothioindigo. 17 : 7’-Dichbovothioindigo (Found: C, 52-6; 
H, 1:9%); diacetyldihydro-derivative (Found: Cl, 15-3. Cy9H,,0,Cl,S, requires Cl, 15-7%). 

Table XIV contains for rapid reference the collected m. p.s of the pure diacetyldihydro-derivatives of the thioindigos 
and thioindirubins, which are named according to (XVII) and (XVIII) respectively. Almost all the values given by 
Harley-Mason and Mann (loc. cit.) have been confirmed or corrected and are therefore included; a few of their values 
for the thioindirubins have not been checked and are omitted, as these products may be mixtures (p. 895). 











TABLE XIV. 
M. p.’s of Diacetyldihydro-derivatives of Thioindigos and Thioindirubins. 
Substitution. Thio- Substitution. Thio- 
Thioindigo  indirubin - “~ ~. Thioindigo  indirubin 

X. : 2 derivative. derivative. ee a derivative. derivative. 

— — 247—248° 132—133° 4: 5-Benz- 4: 5-Benz- >315° _ 
6-Cl-4-Me- —- 183—184 —* 6 : 7-Benz- - 255—257 = 
5-Cl-7-Me- ——- 214—216 158—160 5 : 6-Benz- ea 263—265 —ft 
6-EtO- —- 173—174 —* 4-Me- - 201—202 — 
4: 5-Benz- —- 215—217 166—169 4-Cl- as 237—238 -— 
6 : 7-Benz- — 254—256 —* 5-Me- 244—246 — 
5 : 6-Benz- — 256—258 162—163 7-Me- a 209—211 a 
4-Me- — 214—215 —_ 7-Cl- : 216—217 —— 
4-Cl- —- 205—206 — 6-EtO- 6 : 7-Benz- (215—217) 175—176° 
5-Me- — 208—210 124—125 4: 5-Benz- se (255—257) 219—220 
7-Me- — 229—230 — 6 : 7-Benz- 3 >315 — 
7-Cl- — 229—230 131—132 5 : 6-Benz- ¥ 252—253 —ft 
6-Cl-4-Me 6-Cl-4-Me 290—292 — 4-Me- ms 235—237 — 
5-Cl-7-Me- * 229—230 — 4-Cl- = 230—231 — 
6-EtO- me 186—188 — ft 5-Me- ‘ed 245—247 — 
4: 5-Benz- ia 234—235 —* 7-Me- ce 253—254 180—181 
6 : 7-Benz- a 252—253 —t * 7-Cl- - 251—252 — 
5 : 6-Benz- “ 261—263 _ — 5:6-Benz- (256—258) 183—184 
4-Me- - 232234 -_ 6-Cl-4-Me- ss (261—263) 186—188 
4-Cl- re 240—241 — 6-EtO- va (224—226) 166—167 
5-Me- a 213—214 — 5 : 6-Benz- me 297-300 —* 

- 7-Me- as 194—195 — 5-Me- 9 267—269 198—199 — 
7-Cl- w 191—193 —ft 7-Me- e 250—253 — *ft 
5-Cl-7-Me- 5-Cl-7-Me- 308—310 — 4-Me- 4-Me- 247—249 _- 

* 6-EtO- ia 214—216 —ft 4-Cl- ee 246—247 -- 

4: 5-Benz- sad 274—276 oo 5-Me- -* 194—195 -= 
6: 7-Benz- a 236—238 171—173 7-Me- a 200—201 — 
5 : 6-Benz- bs 258—260 —ft 7-Cl- 219—220 —t 
4-Me- as 218—220 —- 4-Cl- 4-Cl- 275—277 _- 
4-Cl- a 231—232 os 5-Me- “ 149—151 207—208 
5-Me- ia 263—264 -- 7-Me- Pee 165—167 183—184 
7-Me- 3 234—236 7-Cl- - 162—164 231—232 
7-Cl- a 245—246 _— 4-Cl- 5-Me- (149—151) 202—204 
—_ 6-EtO- (173—174) 132—133 5-Me- - 253—255 — 
6-EtO- - 230—232 — * 7-Me- és 193—194 — 
4: 5-Benz- se 223—225 —* 7-Cl- - 207—208 —f 
6: 7-Benz- é 215—217 165—166 — 7-Me- (229—230) 144—146 
5 : 6-Benz- a 224226 167—169 6-Cl-4-Me- 2 (194—195) 285—287 
4-Me- - 160—161 —* 4 : 5-Benz- ie (209—211) 256—258 
4-Cl- - 170—171 152—153 4-Cl- 9» (165—167) 187—188 
5-Me- - 184—186 —* 7-Me- - 244246 — 
7-Me- - 160—161 —* 7-Cl- - 243—244 a 
7-Cl- i 181—183 158—159 7-Cl- 7-Cl- 283—284 -- 


* The thioindirubin has been shown to exist but was not isolated in the pure state. 
+ The isomeric thioindirubin (i.e., with substituents in X and Y reversed) has been shown to exist, but was not 


isolated in the pure state. 


Brackets ( ) indicate that the m. p. has already been quoted earlier in the Table. 
In Part I, p. 410, line 15 from bottom, for *‘ (Ig) ”’ read “‘ (If).” 


Erratum. 


Weare greatly indebted to Messrs. Imperial Chemical Industries Ltd. (Dyestuffs Division) for materials and technical 
assistance, and to the Department of Scientific and Industrial Research for a grant (C. E. D.). 


[Received, August 14th, 1945.] 
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238. The Comparative Reactivity of the Carbonyl Groups in the Thionaphthenquinones, 
Part III. The Influence of Solvents and Catalysts. 


By CHaARLEs E. DALGLIESH and FREDERICK G. MANN. 


The condensation of thioindoxyl with thionaphthenquinone, with 6-chloro-4-methylthionaphthenquinone 
and with 6-ethoxythionaphthenquinone in a number of solvents, using various catalysts, has been studied, and 
the effect of these condensation media on the yield and composition of the dye has been determined. 

Dichloro- and monochloro-acetic acids cause thioindoxyl to undergo self-condensation, with the formation 
of 2 : 3’-dithioindoxylyl (IV) and s-tris-2 : 3-thiocoumaronobenzene (V). 


In the course of the work described in Part II (p. 893) it became clear that the nature of the product obtained 
by the condensation of a thioindoxyl and a thionaphthenquinone was markedly affected by the solvent and 
by catalysts, and hence the condensations recorded in Part II were performed throughout in our “ standard 
medium,”’ i.e., acetic acid containing zinc chloride. To investigate this aspect more fully, we have examined 
the products formed by the condensation of thioindoxy] (I) with thionaphthenquinone (III),* with 6-chloro-4-. 
methylthionaphthenquinone (IIIb), and with 6-ethoxythionaphthenquinone (IIId) in a variety of media, 
The first and third of these condensations, when performed in our standard medium, give a mixture of a thio- 
indigo and a thioindirubin (i.e., « + 8-condensation), while the second gives solely a thioindigo («-condensation) ; 
they were chosen to show in particular the effect of the medium on 8-condensation in favourable and unfavour- 
able circumstances respectively. The first condensation has been studied in greater detail, as no complication 
due to substituents can arise. 

The condensation media with their catalysts are given in the Table approximately in order of decreasing 
acidity. Attempts to carry out the condensation in non-polar or weakly polar solvents, e.g., chlorobenzene, 
gave only a very small yield of the dye and are omitted. 











Condensation of thio- Condensation of thio- 
Condensation of thio- indoxyl] (I) and 6-chloro- indoxyl (I) and 6-ethoxy- 
indoxyl (I) and thio- 4-methylthionaphthen- thionaphthenquinone 
naphthenquinone (III). quinone (IIIb). (IIId). 
Time Con- Time Con- Time Con- 
Condensation of Yield,* dens- of Yield,* dens- of Yield,*  dens- 
Series. medium. Catalyst. boiling. %. ation. boiling. %. ation. boiling. %. ation. 
A Cl,CH-CO,H 5 mins. 95 a+f8 
B- CICH,CO,.H H,O 5 mins. 99 a+B 5 mins. 67 a 10 mins. 98 a+f8 
C MeCO,H BCI, 3 hrs. 93 a+fBp 
D MeCO,H * AICI, 5 mins. 92 a+fp $3hrs. 61 a 3 hrs. 93 a+B 
E MeCO,H AICI, 3 hrs. 97 a+fp : 
F MeCO,H ZnCl, 3 hrs. 95 a+fp 3hrs. 58 a 3 hrs. 85 a+f8 
G MeCO,H HCl 3 hrs. 90 a+fB 3 hrs. 56 a 3 hrs. 61 a+f8 
H MeCO,H 3 hrs. 39 a 3 hrs. 41 a 3 hrs. 53 a+fB8 
I MeCO,H MeCO,Na 3 hrs. 52 a 3 hrs. 48 a 3 hrs. 72 a(+) 
J (Ac),O 3 hrs. 27 a — —— — 3 hrs. 50 a+B8 
K EtOH ZnCl, 4 hrs. 43 a 3 hrs. 51 a 3 hrs. 70 a 
L EtOH 4 hrs. 20 a 3 hrs. 42 a 3 hrs. 64 a 
M EtOH 10% Aqueous 70 mins. 35 at 3hrs. 55 a 3 hrs. 67 a 
NaOH 
N C,;H;N 10% Aqueous 4-5hrs. 50 a 3 hrs. 27 a 3 hrs. 39 a 
NaOH 
* Total yield of dye, calculated on the thionaphthenquinone taken. + The catalyst employed was NaOEt. 


The following points arise: (1) Time of heating. The three condensations in monochloroacetic acid, and 
also the first condensation in dichloroacetic acid, were very rapid and 5—10 minutes’ heating sufficed. These 
acids have a condensing action on thioindoxyl (I) itself (see later), but this action is markedly slower and in 
the presence of the thionaphthenquinone it can be ignored for the above periods. The first condensation in 
acetic acid catalysed by aluminium chloride was also very rapid and no significant difference in the product 
could be detected if the 5 minutes’ heating was extended to 3 hours. In almost all the other media, however, 
the heating was continued for 3 hours irrespective of the speed of the reaction. 

(2) Yield of dye. In all the three condensations studied; the yield of dye (i.e., of condensation product, 
irrespective of its composition) tended to be highest in the most acidic medium. This factor is most marked 
in the first condensation. This tendency may, however, be reversed by an ionic catalyst; e.g., in all three 
condensations the yield in acetic acid is less than that in acetic acid containing sodium acetate. It is note- 
worthy, however, that in the first condensation the amount of thioindigo present in the mixed (« + 8) product 
obtained in acetic acid containing aluminium chloride was approximately the same as that obtained in acetic 
acid without a catalyst. It is possible therefore that acidity of the medium does not appreciably affect the 
reactivity of the a-carbonyl group of the thionaphthenquinone, but greatly increases that of the B-carbonyl 
group. , 


, a uniformity the numbers designating the thioindoxyls and the thionaphthenquinones are those used in Parts 
and IT. : 
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(3) Composition of the dye. The composition of the products obtained in the first condensation shows 
: clearly that the more acidic media favour the 8-condensation, i.e., formation of the thioindfrubin, and that 
weakly acidic, neutral or basic media allow only the «-condensation to occur. The same factor clearly controls 
the third condensation (with 6-ethoxythionaphthenquinone, IIId). In the second condensation (with 6-chloro- 
4-methylthionaphthenquinone, IIIb), however, no detectable 8-condensation occurs in any medium investigated. 
It should be remembered, however, that this thionaphthenquinone (IIIb) gives exclusively «-condensation with 
eleven of the twelve thioindioxyls studied in Part II (p. 896); the condensation must therefore be determined 
primarily by the structure of the thionaphthenquinone (IIIb), and this structural factor is evidently too strong 
to be affected by the nature of the condensation media employed. 

Although, in the first and third condensations studied, an acidic medium favoured 8-condensation, this 
influence was never sufficiently strong to suppress the «-condensation completely. An accurate analysis of the 
mixed (« + 8) products obtained in the more acid media, had it been practicable, would have been useful 
since it would have shown whether the function of such media, as already suggested, is primarily to accelerate 
the $-condensation leaving the «-condensation virtually unaffected. 

In Part II it was shown that 5-methylthionaphthenquinone (IIIj) in the standard medium gives solely 
a-condensation with eleven of the thioindoxyls but gives solely 8-condensation with 4-chlorothioindoxy] (Ii). 
It appeared probable, therefore, that the latter condensation might be readily affected by a change in the 
medium employed. We have consequently repeated this latter condensation in acetic acid containing sodium 
acetate and in ethyl alcohol containing 10% aqueous sodium hydroxide, but in these more basic media, only 


Se ee ed 


: 8-condensation again occurred. Here again, the structural factor appears to override the influence of the 
medium. 
: We have attempted to use trichloroacetic acid as a solvent in our condensations in order to employ a more 


strongly acidic medium than those mentioned above. Although the condensation of thioindoxyl and thio- 
naphthenquinone (III) occurs rapidly in this solvent, the results are vitiated by the direct action of the acid 
on the thioindoxyl. We find that trichloroacetic acid gives a number of indefinite products with thioindoxy] 
alone, and the reaction is evidently very complex. 

When thioindoxyl (I) was boiled with dichloroacetic acid, self-condensation occurred with the formation of 
two compounds, m. p. 225—226° and 422—425°, whose properties indicate that they are 2 : 3’-dithioindoxylyl 
(IV) and s-tris-2 : 3-thiocoumaronobenzene (V) respectively. The same condensation occurs, but more slowly, 


in monochloroacetic acid. 
Cone, 
"4 Ne Y ” 
~~ aad 
a SR S\ Zi 
se, a ; 


C:C s = ot S 
cé Ne A “ou 
(IV.) (IVa.) (V.) 


The compound (IV) was unaffected by boiling monochloroacetic acid but, on the addition of thioindoxyl, 
underwent condensation to give the compound (V). This furnishes strong evidence for the structure of both 
compounds. The compound (IV), unlike thioindoxyl, was almost insoluble in cold aqueous sodium hydroxide 
solution; this was not unexpected, as enolisation to (IVA) may well take place to a much less extent than in 


1 the case of thioindoxyl. Molecular weight determinations indicated that in chloroform solution ca. 50% of 
e (IV) existed as bimolecular associates, and that in p-xylene solution this association was virtually complete. 
7 Since the molecule of (IV) is flat, this association might readily occur through hydrogen-bond formation, the 
1 . 
CoH, CoH, 

is 
r én S cu’ C—C S 

> - ei. ee A 
, 5; ° 
i 0) H a 
. ° é H 
: oo, fe 

pe eb \ “A 
, Nf, Ss GH, ‘Ss 
(IVB.) (IVc.) 

s | Product being further stabilised as a resonance hybrid of the forms (IVs) and (IVc). It is significant that the 


compound (V) showed no association in p-xylene solution. 
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‘ 
The compounds (IV) and (V) are the thio-analogues of the 2: 3’-dicoumaranyl (VI) and the s-tris-2 ; 3. 
coumaronobenzene (VII) isolated by Fries and Pfaffendorf (Ber., 1910, 48, 212; 1911, 44, 114) by the action 


_o 
(VI.) ~. <2 hee 
i oO \ WA 
Y a 4 c—C (VII.) 
co cH, of 


of sodium on coumaranone in ether, although the true structure of these compounds was not known until 
Baker and Banks (J., 1939, 279) prepared and investigated the 5-methyl homologues of each. 

No compounds analogous to (IV) and (V) were isolated by the action of mono- or di-chloroacetic acid on 
4 : 5-benzthioindoxy] (Ie) and 5 : 6-benzthioindoxy] (Ig). 

A mixture of acetic anhydride and zinc chloride also could not be used in our condensations, because, 
although it did not affect thioindoxyl, it readily converted thionaphthenquinone (III) into a brown amorphous 
product which could not be crystallised or purified. A similar but not identical product was obtained when 
a mixture of propionic anhydride and zinc chloride was used. Similar compounds were obtained from 5-chloro- 
7-methylthionaphthenquinone (IIIc). These compounds were not fully investigated owing to their intractable 
nature, but the ease of their formation appears to inhibit condensation of the original quinone with thioindoxyl, 
Preliminary experiments indicated that condensation of the thionaphthenquinone and the anhydride had 
occurred, probably with the formation of compounds of high molecular weight. 


EXPERIMENTAL. 


In each of the reactions given in the Table, pure freshly-prepared thioindoxy] (1 g.) was used; in the first condensation, 
thionaphthenquinone (III; 1 g.) was used, in the second, 6-chloro-4-methyl-thionaphthenquinone (IIIb; 1-3 g.) and 
in the third, 6-ethoxy-thionaphthenquinone (IIId; 1-1 g.). In the series of reactions lettered in the Table the reaction 
media were : (A) dichloroacetic acid (15 c.c.) ; (B) monochloroacetic acid (25 g.) and water (1 g.); (C) acetic acid (25 c.c.) 
and boron trichloride (0-2 g.); (D) acetic acid (25 c.c.) and aluminium chloride (0-2 g.); (E) as (D); (F) acetic acid 
(25 c.c.) and zinc chloride (0-2 g.) ; (G) acetic acid (25 c.c.) and concentrated hydrochloric acid (0-1 c.c.); (H) acetic acid 
(25 c.c.); (I) acetic acid (25 c.c.) and anhydrous sodium acetate (0-3 g.); (J) acetic anhydride (15 c.c.); (K) alcohol 
(25 c.c.) and zinc chloride (0-2 g.) ; (L) alcohol (25.c.c.) ; -(M) alcohol (25 c.c.) and 10% aqueous sodium hydroxide (0-1 c.c.), 
except in the first condensation when sodium (0-1 g.) was added to the alcohol in place of the hydroxide; (N) pyridine 
(20 c.c.) and 10% aqueous sodium hydroxide (0-1 c.c.). 

Each reaction was carried out by refluxing for the time stated, the-reaction mixture being then set aside until crystall- 
isation of the product was complete. The pure dye was isolated as foNows. Series (A) and (B): the crude reaction 
mixture was diluted with much water, warmed and filtered. The insoluble dye was then boiled with alcohol, and washed 
with ether to remove traces of unchanged material. Series (C)—(M) : the crude product was collected, and washed with 
alcohol and ether. Series (N) : the crude product was collected and washed with alcohol; the alcoholic washings when 
added to the mother-liquor precipitated a small second crop which was also collected. The final product in each case 
was weighed and its qualitative composition determined by reductive acetylation (see Part II). The mother-liquors 
from the recrystallisations of the diacetyl-dihydro-derivatives were set aside for several days to ensure that delayed 
crystallisation had not masked one of the components. 

When the condensation of (I) and (III) was performed in chlorobenzene (25 c.c., 3 hrs.’ boiling), the yield of the dye 
was 0-03 g. Toensure that the thioindigo obtained as a product of the condensation of (I) and (III) was not being formed 
partly by atmospheric oxidation of the thioindoxy]l (I), a solution of the latter (1 g.) in alcohol (25 c.c.) was refluxed for 
4 hours under conditions otherwise similar to those used in Series A—N; the total yield of thioindigo (0-015 g.) showed 
that such oxidation was negligible. 

When a mixture of 4-chlorothioindoxyl (Ii; 0-8 g.) and 5-methylthionaphthenquinone (IIIj; 0-7 g.) was refluxed for 
3 hours with (a) alcohol (20 c.c.) containing 10% aqueous sodium hydroxide (0-1 c.c.), and (b) acetic acid (20 c.c.) con- 
taining sodium acetate (0-25 g.), the product in each case was solely 4-chloro-5’-methylthioindirubin (0-35 g., 0-5 g.). | 

Action of the di- and mono-chloroacetic acids on thioindoxyl. (i) A mixture of thioindoxyl (2 g.) and dichloroacetic 
acid (15 c.c.) was refluxed for 30 minutes; it rapidly darkened in colour and after 20 minutes’ boiling a palé brown solid 
separated. The cold product was set aside overnight, and then diluted with much water. The insoluble product was 
collected, washed with water and boiled with alcohol to remove any unchanged thioindoxyl. The residue was extracted 
with boiling ether. The ethereal filtrate on evaporation deposited a brown powder (0-4 g.) which, when recrystallised 
from acetone and then from pyridine containing 20% of water, furnished 2 : 3’-dithioindoxylyl (IV), pale brown micfo- 
crystalline powder, m. p. 225—226° (Found: C, 68-0; H, 3-5; S, 22-9; M, ebullioscopic in 0-415% chloroform solution, 
399, in 0-536% p-xylene solution, 519. C,H, OS, requires C, 68-1; H, 3-6; S, 22-7%; M, 282). ‘ 

The residue insoluble in ether, when recrystallised from nitrobenzene and then p-xylene, furnished s-tris-2 : 3-thio- 
coumaronobenzene (V; 1-15 g., 65%), silvery needles, m. p. 422—425° (Found : C, 72-6; H, 3:3; S, 24:5; M, ebullio- 
copic in 0-465% p-xylene solution, 395. C,,H,,S, requires C, 72-7; H, 3-0; S, 243%; M, 396). 

(ii) A mixture of thioindoxyl (3 g.) and monochloroacetic acid (30 g.) was refluxed for 2 hours; the boiling had then 
to be stopped owing to violent ‘‘ bumping ”; the mixture rapidly darkened and solid material separated after 50 minutes 
boiling. Treatment of the product as in (i) gave a small quantity of (IV), the chief product (1-65 g.) being (V) (Found: 
C, 72-4; H, 2-8%). Longer boiling would almost certainly have increased the yield of (V). 

(iii) Experiment (ii) was repeated but, to obtain a higher yield of the intermediate (IV), the refluxing was stopped 
after 1 hour and the mixture diluted with water. Two alternative methods of isolating (IV) were adopted in successive 
experiments. (a) The mixture was made alkaline with sodium hydroxide and unchanged thioindoxyl oxidised to thio 
indigo with potassium ferricyanide solution. The solid product was collected, washed with water, dried, and the-com> 
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nd (IV) extracted with boiling ether (500 c.c.). Evaporation of the ether, followed by recrystallisation of the product, 
Prnished the pure compound (IV) (1-35 g.), m. p. 225—226° (Found: C, 68-3; H, 40%). (b) The mixture was made 
alkaline as before, boiled and filtered; the residue was washed with water, dried, and the compound (IV) extracted 
with boiling ether as in (a). 

(iv) A solution of 2 : 3’-dithioindoxylyl (IV; 0-23 g.) in monochloroacetic acid (15 g.) when refluxed for 1-5 hours and 
cooled gave no crystalline deposit. The addition of thioindoxyl (I; 0-18g., 1 mol.) followed by a further refluxing for 1 hr. 
gave on cooling a deposit of (V; 0-2g.). The yield indicates that compound (V) arose from the condensation of the two 
components and not solely from the thioindoxyl. 


Weare indebted to the Department of Scientific and Industrial Research for a grant (C. E. D.), and to Messrs. Imperial 
Chemical Industries Ltd. (Dyestuffs Division) for materials. 


THE UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, August 14th, 1945.] 





239. The Comparative Reactivity of the Carbonyl Growps in the Thionaphthenquinones. 
Part IV. The Action of Chloramine-T on the Thionaphthenquinones. 


By CuARLEs E, DALGLIESH and FREDERICK G. MANN.’ 


The nine thionaphthenquinones which have been investigated behave identically when boiled with an 
excess of chloramine-T in alcohol, furnishing the corresponding disulphonamido-esters of type (VI). Their 
reaction when similarly treated with one molecular equivalent of chloramine-T divides them, however, into 
two groups: (a) those which furnish solely the disulphide-esters of type (V), and (b) those which give the 
disulphonamido-esters of type (VI), a portion of the thionaphthenquinone being now necessarily unchanged. 
Evidence is adduced to show by what reactions these products arise from the original thionaphthenquinones. 

By correlating these results with those obtained in Part II, it is shown that, in general, the thionaphthen- 
quinones which fall in group (a) are those which when condensed with thioindoxyls give a high proportion of 
B-condensations, whereas those which fall in group (b) are those which, in these circumstances, give only a 
very low proportion of B-condensations. 


It has been shown by Mann and Pope (J., 1922, 121, 1052) that many organic sulphides, including some cyclic 
sulphides, react with chloramine-T (p-C,H,Me-SO,*NNaCl,3H,O) to give sulphilimines (I; Tol = p-C,H,Me-). 
Clarke, Kenyon, and Phillips (J., 1930, 1225) have shown that thiols, similarly treated, furnish p-toluenesulphon- 
imidosulphine-p-toluenesulphonylimines (II); the latter compounds are also formed by the action of chlor- 


(I.) R,S—>N-SO,Tol RS>N-SO,Tol (IL) 
NH-SO,Tol 


amine-T on disulphides of type R,S, (Alexander and McCombie, J., 1932, 2087). Bulmer and Mann (this vol., 
p. 670) have further shown that such disulphides are almost certainly the intermediate products in the above 
conversion of thiols to di-sulphonamido compounds of type (II). 

The action of chloramine-T on thionaphthenquinone and various substituted derivatives (cf. Part II, p. 893) 
has therefore been studied. We find that when an ethyl alcoholic solution of thionaphthenquinone (IIT) is 
boiled with one molecular equivalent of chloramine-T, the highly crystalline diethyl ester of 2 : 2’-dicarboxyketo- 
diphenyl disulphide (V) is formed. This process apparently involved the initial opening of the heterocyclic 
ring in (III) to give the thiol-ester (IV), which then underwent oxidation by the chloramine-T to the disulphide- 
ester (V). The identity of this disulphide-ester (V) has been proved (a) by molecular weight determinations, 
(6) by repetition of the reaction in methyl and -propyl alcohols whereby the corresponding dimethyl and di-n- 
propyl esters were obtained, (c) by reduction of disulphides of type (V) to the intermediate thiols (as IV), and 
(@) by hydrolysis of these disulphide-esters of type (V) to the corresponding disulphide-acids (see later). 

When, however, either the thioquinone (III) or the disulphide-ester (V) was treated with an excess of 


co O,Et Eto, 
O-CO,Et oO O i O-CO,Et 
co > @= 2 _—_ i, / —> S->N-SO,-Tol 
NH-SO,'Tol 
(IIT.) (IV.) (V.) (VI.) 
HO, O0-CO,H 
0-CO,H O YN NSO, Tol 
H - ; NH-SO,Tol 
(VII.) (VIII.) (IX.) 


boiling alcoholic chloramine-T, the ethyl ester of 2-carboxyketophenyl-p-toluenesulphonimidosulphine-p-toluene- 
sulphonylimine (V1) was formed. The conversion of the disulphide (V) to the compound (VI) is of course an 
example of Alexander and McCombie’s reaction, and it was reasonably certain that the conversion of the thio- 
naphthenquinone (III) into the disulphonamido-compound (VI) proceeded via the compounds (IV) and (V) 
as shown. 

A possible although improbable alternative route required investigation. It was possible that the thio- 
naphthenquinone (III) under the influence of the hydrated chloramine-T first underwent hydrolysis to the 
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thiol-carboxylic acid (VII), and that this compound then underwent either esterification to the thiol-ester (IV) 
or direct oxidation to the disulphide-dicarboxylic acid (VIII). The latter compound, if formed, might then 
react with an excess of alcoholic chloramine-T, undergoing esterification and disulphonamido formation, with 
the final production of the compound (VI). 

To investigate the possible existence of this alternative route we have, for practical convenience, utiliseg 
the 6-ethoxy derivatives instead of the unsubstituted derivatives depicted above. We find that 6-ethoxy. 
thionaphthenquinone (as III) is unaffected when refluxed with one molecular equivalent of chloramine-T. jn 
aqueous or in 30% aqueous alcoholic solution for 11 hours, but when refluxed with the anhydrous reagent in 
absolute alcohol readily furnishes the diethyl ester of 2 : 2’-dicarboxyketo-5 : 5'-diethoxydiphenyl disulphide (as V), 
It is clear therefore that the thiol-carboxylic acid (VII) cannot be an intermediate in these reactions, and that 
the initial action of the alcoholic chloramine-T on the thioquinone must be direct alcoholysis to the thiol-ester 
(IV), which then undergoes oxidation to the disulphide-ester (V). 

We have also prepared 2 : 2'-dicarboxyketo-5 : 5'-diethoxydiphenyl disulphide (as VIII) by hydrolysis of the 
diethyl ester (as V), and also by dissolving the 6-ethoxythionaphthenquinone (as III) in aqueous sodium 
hydroxide to form the sodium salt of the thiol-carboxylic acid (as VII) and oxidising the latter to the disulphide- 
acid (as VIII) by the action of sodium tetrathionate (cf. Cambron and Whitby, Canad. J. Res., 1930, 2, 144; 
Bulmer and Mann, this vol., p. 675). We find that this disulphide-acid (as VIII), when boiled with chloramine-T 
in alcoholic solution, is smoothly converted to 2-carboxyhketo-5-ethoxyphenyl-p-toluenesulphonimidosulphine-p- 
toluenesulphonylimine (as IX), and that no esterification either to the corresponding disulphide-ester (as V) or 
to the disulphonamido-ester (as VI) occurred. The existence of this alternative route, involving the inter- 
mediate formation of compounds (VII) and (VIII) during the conversion of the thionaphthenquinone (III) to 
the disulphonamido-ester (VI), is thus disproved. 

The reaction of certain substituted thionaphthenquinones with one molecular equivalent of chloramine-T 
showed one significant difference from that described above. When, e.g., 5-chloro-7-methylthionaphthen- 
quinone (IIIc),* or 4-methylthionaphthenquinone (IIIf), was boiled with one equivalent of chloramine-T in 
alcoholic solution, only the disulphonamido derivative (as VI) resulted, the intermediate disulphide-ester (as V) 
being absent from the reaction product.’ In view of the extent of this reaction and the amount of reagent 
used, the final product necessarily contained unchanged thioquinone. This result must mean that in these 
cases the conversion of the intermediate disulphide (as V) to the final disulphonamido-ester (as VI) must bea 
far more rapid process than the initial production of the disulphide from the original thionaphthenquinone. 

In certain other cases, e.g., 6 : 7-benzthionaphthenquinone (IIIf), this difference in the relative speeds of 
the two reactions was however less marked and consequently the action of one equivalent of chloramine-T 
gave a mixture of the disulphide (V), the disulphonamido-ester (VI) and the unchanged thionaphthenquinone. 

It must be emphasised that in no case did the constitution of a substituted thioquinone inhibit the formation 
of the disulphonamido-ester (as VI), since the latter was always obtained when an excess of alcoholic chlor- 
amine-T was employed. The extent to which these compounds were formed when one molecular equivalent 
of chloramine-T was used must therefore have been determined by the comparative speeds of the reactions 
involved. Further, the results are not peculiar to chloramine-T, as we have in certain cases duplicated our 
results using chloramine-B (Ph-SO,*NNaCl,3H,0). 

Not all the twelve thioquinones utilised in Part II have been thus investigated; nevertheless, our results 
are sufficiently extensive to reveal one interesting feature, namely that this action of chloramine-T is closely 
connected with the comparative reactivity of the carbonyl groups of the thionaphthenquinone as determined 
by their behaviour towards the twelve thioindoxyls discussed in Part II. This connection is shown in the 
table, where the results of the two investigations are correlated. With one exception, those thionaphthen- 


Number of thioindoxyls Number of these con- 


Thionaphthen- Alcohol condensed with quinone  densations giving some, 
quinone. used. Product. (cf. Table I, Part II). B-product. 
Unsubstituted (III) EtOH Disulphide-ester 12 9 
MeOH ss é 
PrOH - 
6-EtO (IIId) EtOH Disulphide-ester 12 12 
MeOH ” 
5 : 6-Benz (IIIg) MeOH Disulphide-ester 12 12 
5-Me (IIIj) EtOH Disulphide-ester 12 2 
6 : 7-Benz (IIIf) * EtOH Disulphide-ester + 12 3 
disulphonamido compound 
4: 5-Benz (IIIe) * EtOH Disulphide-ester + 12 1 
disulphonamido compound 
6-Cl-4-Me (IIIb) EtOH Disulphonamido compound 12 1 
5-Cl-7-Me (IIIc) EtOH Disulphonamido compound 12 1 
4-Me (IIIh) EtOH Disulphonamido compound 11 0 


* The mixed product from the thionaphthenquinone (IIIe) contained a higher proportion of disulphonamido 
compound than that from (IIIf), hence the order of these two quinones in the above table. 


quinones which gave solely disulphide with one equivalent of chloramine-T gave a very high proportion of 
$-condensations with the thioindoxyls, whereas those which furnished the disulphonamido-compounds gave a 


* The letters used to designate the various thionaphthenquinones are those used in Part II (p. 896). 
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v) yery low proportion of such $-condensations. Only one exception to this generalisation has been detected 
“0 among the nine thioquinones whose behaviour towards chloramine-T has been studied; 5-methylthionaphthen- 
th quinone (IIIj) gave solely the disulphide with chloramine-T, but gave 8-condensation with only two of the 
twelve thioindoxyls. 

od It is impossible, at present, to give a theoretical explanation of this close correlation of the action of chlor- 
y- amine-T and frequency of $-condensation; it must be dependent on several factors which are unknown or 
i | jnaccessible. If the initial addition of alcohol to the thionaphthenquinone to form the thiol-ester (IV) is a slow 
“, process compared with the subsequent reactions, the thiol-ester would undoubtedly pass right through into the 
). disulphonamido-ester (VI) as fast as it was formed; conversely, if the initial opening of the thioquinone ring 
at is a comparatively rapid process, the subsequent reaction of the thiol-ester would stop at the disulphide-ester 
Tt f stage (V) for lack of chloramine-T. Hence high stability of the thioquinones might be associated with high 
frequency of -condensations. Since, however, the comparative speeds of the various reactions are unknown, 
the particular reaction (or reactions) whose speed in effect determines that of the complete conversion is also 
unknown; consequently, it is useless to speculate whether the presence of a particular substituent in the quinone 
A affects primarily the speed of conversion (III) > (V), or that of (V) > (VI), or whether it affects both these 
speeds in different measure. 





The properties of the disulphonamido-esters of type (VI) are now being studied. When the 5-chloro-3- 
s methyl disulphonamido-ester (X) and 6 : 7-benzthioindoxyl in equimolecular quantities were boiled together in 
alcoholic solution containing a trace of zinc chloride, the former was reduced to the p-toluenesulphonimido- 
0 co co co 

Me AJ Me ; 

T i CO-CO,Et . 2 | CH, = CO-CO,Et rn CC +1 + 2 Tol*SO,"NH, 
.- Ch S>N-SO,-Tol ‘< YY ali Oe . 4 \ 
n NH-SO,°Tol \A4 NH-SO,'Tol 
) X. XI. XII. \ 
) (X.) (XI.) (XII.) Crue 05+ 


e | sulphide (XI), whilst the thioindoxyl was oxidised to 6: 7: 6’ : 7’-dibenzthioindigo (XII). This reaction is 
a probably general for disulphonamido-esters and thioindoxyls, although at present only this example has been 


investigated. 
of ? EXPERIMENTAL. 
tT The solvent used for recrystallisation, if not ethanol, is named in parenthesis after the compound concerned. Unless 
2, otherwise stated, the trihydrated chloramine-T was always employed. 
n One description of the method of condensation of the thionaphthenquinones with chloramine-T and of the isolation 


: of the products suffices for all. A solution of the two reactants in the appropriate alcohol was refluxed for 6 hours 
E and filtered Whilst hot. The insoluble residue was then extracted with boiling alcohol and the latter after filtration was 


t added to the original solution. (The extracted residue in all cases was pure sodium chloride and no indication of an 
IS insoluble sodium derivative of a thiol or of a disulphonamido compound was ever obtained.) The alcoholic solution was 
ir evaporated to dryness and the residue then recrystallised until pure and identified. The mother-liquors were then again 


evaporated, and the final residue carefully examined for any product other than p-toluenesulphonamide. The 6 hours’ 
refluxing employed in all the following condensations was probably often unnecessarily long, but was deliberately used 
S to ensure that all reaction under these conditions was complete. 

y Thionaphthenquinone (I11).—(1) A mixture of the quinone (2 g.), chloramine-T (3-5 g., 0-95 mol.) and ethanol (80 c.c.) 
d after refluxing gave the diethyl ester of 2: 2’-dicarboxyketodiphenyl disulphide (V), pale yellow needles, m. p. 108—109° 
. (Found: C, 57-1; H, 4-5. C,,H,,0,S, requires C, 57-4; H, 4:3%). 

, (2) Repetition of (1), using methanol (60 c.c.), gave the dimethyl ester (as V), yellow plates, m. p. 159—160° (Found : 
- C, 55-4; H, 3-8; S, 16:7. C,,H,,0,S, requires C, 55-4; H, 3-6; S, 16-4%). 

(3) Repetition of (1), using m-propanol (60 c.c.), gave the di-n-propyl ester (as V), pale yellow needles, m. p. 101—102° 
(Found : C, 59-6; H, 5-2. C,,H,,0,S, requires C, 59-2; H, 4-9%). 

(4) Repetition of (1), using chloramine-T (13-7 g., 4 mols.) and ethanol (150 c.c.), gave the ethyl ester of 2-carboxy- 
ketophenyl-p-toluenesulphonimidosulphine-p-toluenesulphonylimine (V1), colourless crystals, m. p. 224° (Found: C, 52-75; 
H, 4:7; N, 4-9. C,,H,,O,N,S, requires C, 52-5; H, 4:4; N, 51%). Crystallisation from benzene afforded crystals, 
m. p. 224°, having 0-5 mol. of benzene of crystallisation (Found : C, 55-3; H, 5-0; N,4°7. C,,H,,O,N,S;,3C,H, requires 
C, 55-5; H, 4-6; N, 47%). 

6-Ethoxythionaphthenquinone (I1I1d).—(1) The quinone (3 g.) and chloramine-T (4-2 g., 1-04 mols.) in ethanol (100 c.c.) 
Rave the dtethyl ester of g : 2’-dicarboxyketo-5 : 5'-diethoxydiphenyl disulphide (as V), pale yellow needles, m. p. 125—126° 
(Found: C, 56-9; H, 5-1; S, 12-3; M, cryoscopic in 0-708% ethylene dibromide solution, 496. C,,H,,O,S, requires 
C, 56-9; H, 5-1; S, 12-6%; M, 506). 

(2) Repetition of (1), using anhydrous chloramine-T (3-45 g.) and absolute alcohol (150 c.c.) in specially dried appar- 
atus, gave the same disulphide (2-55 g., 70%), m. p. 125—126° (mixed and unmixed). 

(3) Repetition of (1), using either water (480 c.c.) or a mixture of water (210 c.c.) and alcohol (90 c.c.) as solvent, with 
11 hours’ refluxing, furnished only unchanged thioquinone. 

(4) Repetition of (1), using methanol (150 c.c.), gave the dimethyl ester of the disulphide (as V), yellow plates, m. p. 
184—185° (Found : C, 54-9; H, 4-6; S, 13-7. C,,.H,,O,S, requires C, 55-2; H, 4-6; S, 13-4%). 

(5) Repetition of (1), using chloramine-T (11-25 g., 2-8 mols.) and ethyl alcohol (150 c.c.), gave the ethyl ester of 
0 2-carboxyketo-5-ethoxyphenyl-p-toluenesulphonimidosulphine-p-toluenesulphonylimine (as VI), colourless crystals, m. p. 
161° (Found : C, 53-1; H, 5-0; N, 4-4. C,,H,,O0,N,S, requires C, 52-7; H, 4-7; N, 4:7%). When this compound was 
initially obtained by evaporation of the alcoholic mother-liquor, it was necessarily contaminated with toluene-p-sulphon- 
f amide. The latter, however, was markedly more acidic, and could be readily removed by rapid extraction with cold 
2, very dilute aqueous sodium hydroxide; recrystallisation of the washed and dried residue gave the above pure disulphon- 
amido-compound. 

A suspension of the powdered 5 : 5’-diethoxy-disulphide ester (as V) in cold alcohol was treated with small fragments 
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of sodium; the liquid became dark red, the disulphide dissolved and, ultimately, the pale yellow sodium derivative of 
the ethyl ester of 2-carboxyketo-5-ethoxyphenyl thiol (as IV) was precipitated. An alcoholic suspension of this sodiym 
derivative was treated with alcoholic hydrogen chloride, boiled and filtered; the free thiol was deposited as colourless 
needles, m. p. 117—118° (Found: C, 56-4; H, 5-2. C,,H,,0,S requires C, 56-7; H, 5-5%). 

A suspension of the 5 : 5’-diethoxy-disulphide ester (1 g.; as V) in 10% aqueous sodium hydroxide solution (140 c.c,) 
was boiled for 15 minutes and the orange solution filtered, cooled, and acidified with hydrochloric acid. The 
orange precipitate after washing with water and fractional crystallisation from alcohol, furnished first 6-ethoxythio. 
naphthenquinone (0-08 g.), m. p. 162° (mixed and unmixed) and then 2 : 2’-dicarboxyketo-5 : 5’-diethoxydiphenyl disulphide 
(as VIII), which separated as a di-alcoholate, yellow needles, which on slow heating melted at 184—185° (decomp.) but 
which underwent partial melting when plunged into a bath at 120° (Found : C, 53-3; H, 5-6; S, 12-2. C,9H,,0,S,,2C,H,0 
requires C, 53-1; H, 5-5; S,11-8%). This alcoholate, when heated at 80°/0-05 mm. for 7 hours, gave the pure disulphide. 
acid (as VIII), m. p. 184—185° (decomp.) (Found: C, 53-6; H, 4-0. C, 9H,,0,S, requires C, 53-3; H, 40%). The free 
acid and its alcoholate readily liberated carbon dioxide from sodium carbonate solution. 

The same compound was readily obtained when 6-ethoxythionaphthenquinone (4-5 g.; IIId) was dissolved in a 
mixture of n-NaOH (37-5 c.c., 1-05 mol. NaOH) and water (50 c.c.), chilled, and treated with a solution of sodium tetra. 
thionate dihydrate (3-7 g., 1-1 equiv.) in water (100c.c.). The solution became pale yellow, and after 1 hour was acidified 
with hydrochloric acid, the above disulphide acid (as VIII) being precipitated; the latter, when crystallised from alcohol, 
again furnished the yellow needles of the di-alcoholate (4-2 g., 88%), m. p. 188° (Found: C, 53-0; H, 4-8; S, 11-89%), 

When this acid was slowly heated to 200° and then maintained at this temperature until effervescence ceased (ca, 10 
minutes), recrystallisation of the residue from alcohol furnished brown needles, m. p. 158—159°; analysis indicated 
that loss of carbon monoxide and water had occurred, with the formation of the anhydride of 2 : 2’-dicarboxy-5: ¥- 
diethoxydiphenyl disulphide (Found: C, 57-5; H, 4:25. C,,H,,0,S, requires C, 57-45; H, 4-25%). The compound 
was insoluble in cold aqueous sodium carbonate, but readily dissolved on boiling. 

A solution of 2 : 2’-dicarboxyketo-5 : 5’-diethoxy-diphenyl disulphide (2-9 g.; as VIII) and chloramine-T (9 g., 5 mols.) 
in alcohol (100 c.c.) was refluxed for 5 hours, filtered, evaporated to small bulk and cooled. The semi-solid product was 
vigorously stirred with aqueous sodium carbonate solution and filtered. The insoluble residue consisted solely of 
p-toluenesulphonamide, but the filtrate, when treated with hydrochloric acid, deposited colourless needles of 2-carboxy- 
keto-5-ethoxyphenyl-p-toluenesulphonimidosulphine-p-toluenesulphonylimine (as IX), m. p. 214° (decomp.) from benzene 
(Found: C, 51-5; H, 4-4; N, 4-7. C,,H,,0,N,S, requires C, 51:1; H, 4-2; N, 4-9%). 

A solution of 6-ethoxythionaphthenquinone (1 g.; IlIld) in warm 5% aqueous sodium hydroxide was cooled and 
shaken with an excess of dimethyl sulphate. The clear solution was set aside overnight and, on acidification, with hydro- 
chloric acid deposited methyl (2-carboxyketo-5-ethoxyphenyl) sulphide, yellow needles, from aqueous alcohol, m. p. 150° 
(Found: C, 54:9; H, 4-8. C,,H,.0,S requires C, 55-0; H, 5-0%). The compound readily liberated carbon dioxide from 
cold aqueous sodium carbonate solution, and hence is not the isomerie methyl ester of the free thiol. 

5 : 6-Benzthionaphthenquinone (IIIg).—(1) The quinone (2 g.), chloramine-T (2-5 g., 0-95 mol.) and methanol (60 c.c.) 
gave the dimethyl ester of 3 : 3’-dicarboxyketo-2 : 2’-dinaphthyl disulphide, yellow plates (benzene), m. p. 192—193° 
(Found : C, 63-4; H, 3-9. C,.H,,0,S, requires C, 63-7; H, 3-7%). 

(2) The quinone (1-2 g.), chloramine-B (5-5 g., 3-75 mols.) and methanol (100 c.c.) furnished the methyl ester of 3-carb- 
oxyheto-2-naphthyl-benzenesulphonimidosulphine-benzenesulphonylimine, pale yellow crystals, m. p. 245—246° (Found: 
Cc, 54-1; BH, 4-0. C,;H2,0,N.S5 requires c, 54-0; H, 36%). 

5-Methylthionaphthenquinone (I11j).—(1) The quinone (1-6 g.) chloramine-T (2-8 g., 1-1 mols.) and ethyl alcohol 
(80 c.c.) furnished the diethyl ester of 2 : 2’-dicarboxyketo-4 : 4’-dimethyldiphenyl disulphide (as V), yellow needles; m. p. 
155—156° (Found: C, 59-7; H, 5-0; S, 14-7. C,,H,.O,S, requires C, 59-2; H, 4:9; S, 14-4%). 

(2) Repetition of (1), using chloramine-T (10-8 g., 4-3 mols.) and ethanol (95c.c.), gave the ethyl ester of the 2-carbozy- 
keto-4-methylphenyl disulphonamido compound (as VI), colourless crystals, m. p. 200—201° (Found: C, 53-2; H, 51. 
C,;H,,0O,N,S, requries.C, 53-4; H, 46%). 

6 : 7-Benzthionaphthenquinone (IIIf).—(1) The quinone (1-1 g.), chloramine-T (1-7 g., 1-15 mols.) and ethanol (70 c.c.) 
furnished a product which after one recrystallisation (alcohol) was a mixture of white and yellow components. The more 
soluble yellow component was cautiously extracted with a large volume of warm alcohol and the colourless residue, after 
repeated recrystallisation, gave the ethyl ester of the 2-carboxyketo-1-naphthyl disulphonamido compound (as VI), m. p. 
213—214° (Found : C;56-3; H, 4-2; S, 16-4. C,,H,,O,N,S, requires C, 56-2; H, 4-4; S,16:1%). The alcoholic extract, 
when concentrated and cooled, deposited yellow plates, which after recrystallisation, furnished the diethyl ester of 2:2’- 
dicarboxyketo-1 : 1’-dinaphthyl disulphide, m. p. 162—-163° (Found: C, 65-5; H, 4-2; S, 12-2. C,gH,,O,S, requires 
C, 64-8; H, 4-3; S, 12-4%). 

4 : 5-Benzthionaphthenquinone (I1le).—(1) The quinone (1-2 g.), chloramine-T (1-8 g., 1-1 mols.) and ethyl alcohol 
(70 c.c.) gave a crude product which on recrystallisation furnished red needles of the unchanged quinone, m. p. 155—156° 
(alone and mixed). The mother-liquors, when united and concentrated, gave yellow needles which, after repeated 
recrystallisation, furnished the diethyl ester of 1: 1’-dicarboxyketo-2 : 2’-dinaphthyl disulphide, m. p. 103—105° (Found: 
C, 64-4; H, 4-5; S, 12-2. C,,H,,0,S, requires C, 64-8; H, 4:3; S, 12.4%). The combined filtrates were evaporated 
to dryness and the residue, repeatedly recrystallised, furnished the disulphonamido compound described below, pale 
yellow crystals, m. p. 197—198° falone and mixed). i 

(2) Repetition of (I), using chloramine-T (7-2 g., 4-5 mols.) and alcohol (75 c.c.), furnished solely the ethyl ester of 
the 1-carboxyketo-2-naphthyl disulphonamido compound (as VI), m. p. 197—198° (Found: C, 56-4; H, 4-7; S, 15%. 
C,,H,,O,N,S, requires C, 56-2; H, 4-4; S, 16-1%). 

6-Chloro-4-methyl-thionaghthenquinone (IIIb).—(1) The quinone (2 g.), chloramine-T (2-3 g., 0-87 mol.) and ethanol 
(150 c.c.) furnished colourless crystals of the ethyl ester of the 5-chlovo-2-carboxyketo-3-methylphenyl disulphonamido 
compound (X), m. p. 209—210° (Found: C, 50-3; H, 3-4; N, 4-7; S, 16-4. C,,;H,,0,N,CIS, requires C, 50-3; H, 4:2; 
N, 4-7; S, 16-1%). The use of chloramine-T (3 g., 1-12 mols.) in this experiment gave the same product (1-8 g.). This 
disulphonamido compound dissolved freely in cold aqueous sodium hydroxide, and was precipitated unchanged on 
acidification. Solutions of this compound (1-6 g.) and 6 : 7-benzthioindoxyl (0-85 g., 1-6 mols.), each in alcohol (70 and 
60 c.c.), were mixed, and refluxed for 8 hours with zinc chloride (0-4 g.), filtered and evaporated to one-third of the original 
bulk. The mixed product which crystallised was separated by hand into 6: 7 : 6’ : 7’-dibenzthioindigo (XII) and colout- 
less needles of the ethyl ester of 5-chloro-2-carboxyheto-3-methylphenyl p-toluenesulphonimido-sulphide (XI), m. p. 170— 
Hal C, 50-9; H, 4:3; N, 3-0; Cl, 8:5; S, 13-8. C,,H,,O,NCIS, requires C, 50:5; H, 4-2; N, 3-3; Cl, 83; 

’ o/* . ‘ 

(2) Repetition of (1), using chloramine-B (2-6 g., 1-05 mols.) and ethanol (50 c.c.), gave the ethyl ester of 5-chloro-2- 
carboxyketo-3-methylphenyl-benzenesulphonimidosulphine-benzenesulphonylimine, colourless crystals, m. p. 169—170° 
(Found : C, 48-9; H, 3-5. C,,;H,,0,N,CIS, requires C, 48-6; H, 3-7%): 

5-Chloro-1-methylthionaphthenquinone (11Ic).—(1) The quinone (2 g.), chloramine-T (3 g., 1:12 mols.) and ethanol 
(90 c.c.) gave the ethyl ester of the 4-chlovo-2-carboxyhketo-6-methylphenyl disulphonamido compound (as VI), colourless 
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tals, m. p. 169—170° (Found: C, 50-6; H, 4-2; N, 4:8; S, 16-5. C,;H,,O,N,CIS, requires C, 50-3; H, 4-2; N, 


ne S, 161%). 


4-Methylthionaphthenquinone (IIIh).—The quinone (0-8 g.), chloramine-T (1-4 g., 1-1 mols.) and ethanol (60 c.c.) 
furnished the ethyl ester of the 2-carboxyketo-3-methylphenyl disulphonamido eg (as VI), colourless crytals, m. p. 
910—211° (Found: C, 53-5; H, 4:8; N, 4:8; S, 17-6. C,;H,,0,N,S, requires C, 53-4; H, 4:6; N, 5-0; S, 171%). 


We are indebted to the Department of Scientific and Industrial Research for a grant (C. E. D.) and to Imperial 
Chemical Industries Ltd. (Dyestuffs Division) for materials. 
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240. LHxperiments in the Piperidine Series. Part II. 
By R. M. AnxKER, A. H. Cook, and I. M. HEILBRON. 


As morphine may be regarded as derived from a-benzylpiperidine or from y-phenylpiperidine a number of 
derivatives of these structures have been prepared as possible analgesics. a-Benzylpiperidine was converted 
into a series of derivatives containing alkyl or oxygenated N-substituents. Condensation of di-8-chloro- 
ethylaniline with benzyl cyanide eventually afforded a N-phenyl analogue of dolantin and further analogues 
with oxygenated groupings in the N-phenyl residue were similarly obtained. A number of derivatives of 
2-phenyl-piperidine and 4-piperidone are also described. 


ScHAUMANN (Arch. f. exp. Path. u. Pharm., 1940, 196, 109) examined the pharmacological action of many 
piperidine derivatives (I; where R = aryl, R’ = alkyl, R’ =a derivative of a carboxyl group). Of these 
dolantin (R = Ph, R’ = Me, R” = CO,Et) has been widely used as an analgesic for which advantages over 
morphine have been claimed. 

NMe NMe *NMe 








In these laboratories interest in phenylpiperidines had been aroused as a possible development of the many 
phenylpyridines available from earlier work (cf. J., 1943, 401—419 and earlier papers). For example 2-(4’- 
carbomethoxypheny])-pyridine was readily hydrogenated, but so far no pure product has been isolated. Atten- 
tion was turned therefore to ring-synthetic and other approaches. Many of the piperidine derivatives here 
described were tested for analgesic activity in the laboratories of I.C.I. Ltd. (Dyestuffs Division), but no 
marked potency was disclosed. 

The resemblance of the dolantin molecule to certain isolated features of morphine which may also be 
regarded as containing the skeleton of an arylpiperidine as in (IIa) has been pointed out by Schaumann (loc. 
cit.). There is, however, no more justification for ascribing the analgesic action of morphine to this particular 
partial structure than to others, and Bergel e# al. (J., 1944, 261) for example have synthesised possible analgesics 
modelled upon morphine regarded as a basically substituted coumaran as in (IIb). The experiments described 
in the present paper were based partly upon (IIa) and also upon (IIc). In addition, some a-phenylpiperidines 
have also been examined for comparative purposes. Molecular models of morphine, however, reveal a character- 
istic which is probably absent in most simple phenyl- and benzyl-piperidines. The piperidine ring in morphine 
is necessarily maintained at an angle to the phenanthrene skeleton and the molecule exhibits therefore an 
unusual angularity. It is perhaps significant that this feature is almost certainly present in dolantin as a result 
of the relative sizes of the phenyl and carbethoxy groupings (R, R”’ in I) and further synthetic work based on 
this conception forms the subject of a separate communication. 

2-Benzylpiperidine was prepared by reducing 2-benzylpyridine catalytically (Adkins and Cramer, J. Amer. 
Chem. Soc., 1930, 58, 4349), and, after acetylation, separating N-acetyl-2-benzylpiperidine from incompletely 
reduced material. The required base was obtained by hydrolysis of the acetyl derivative. 2-Benzylpiperidine 
yielded a methiodide from which 2-benzyl-l-methylpiperidine (Bryans and Pyman, /., 1929, 549) was obtained. 
Oxygenated groupings were introduced into the benzylpiperidine unit with the object of conferring some of the 
physical character of morphine on the molecule. Ethylene bromohydrin and 2-benzylpiperidine reacted spon- 
taneously, and a crystalline salt of 1-8-hydroxyethyl-2-benzylpiperidine (III) was obtained from which the benzoic 
estey was prepared. Similarly appropriate bromo-ethers afforded 1-$-methoxyethyl- and 1-8-ethoxyethyl-2- 
benzylpiperidine. Finally oxidation of 2-benzylpyridine with mercuric acetate introduced a single hydroxyl 
group; by analogy with, for example, the oxidation of papaverine (Gadamer, Arch. Pharm., 1915, 258, 284) the 

uct, characterised as its picrate, is regarded as 2-pyridylphenylcarbinol (IV). An attempt was made to 
introduce hydroxyl groups indirectly into the aromatic grouping. Nitration of l-acetyl-2-benzylpiperidine 
gave a dinitro compound, presumably@l-acetyl-2-(2’ : 4'-dinitrobenzyl)-piperidine, but as the preparation was 
complicated by simultaneous sulphonation the project was not pursued farther. 
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In the early part of this work attention was directed to the preparation of N-aryl analogues of dolantip 
(I; R’ = aryl) and, again, especially those containing oxygenated groupings which might have conferred On 


H, H, O 
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CH,-CH,OH CH,°CH,OEt H 
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the compounds something of the physical character of morphine. Di-(f-chloroethyl)aniline reacted with benzyl 
cyanide in presence of sodamide to give 4-cyano-1 : 4-diphenylpiperidine (I; R, R’ = Ph; R” =CN). The 
nitrile was unaffected by ethanolic hydrogen chloride at 130°, whilst concentrated sulphuric acid in ethanol 
afforded only a sulphonated product. Hydrolysis was finally effected with hydrobromic acid (48%) at 179° 
and the product esterified to give 4-carbomethoxy-1 : 4-diphenylpiperidine. As Schaumann (loc. cit.) showed 
that among simple dolantin analogues corresponding 4-piperidyl ketones and esters possessed similar activity, 
4-cyano-1 : 4-diphenylpiperidine was treated with ethylmagnesium bromide to yield 1 : 4-diphenyl-4-piperidyl 
ethyl ketone (I; R, R’ = Ph; R” = CO-Et). Experiments were also instituted to obtain compounds of this 
type but carrying oxygenated groups in one of the phenyl substituents. Thus reaction of p-anisidine with 
ethylene chlorohydrin gave N-di-(S-hydroxyethyl)-p-anisidine, which was converted into N-di-(8-chloroethyl)-p- 
anisidine, and thence by reactions similar to those above into 4-cyano-1-p-methoxyphenyl-4-phenylpiperidin 
(I; R=Ph; R’ = p-MeO-C,H,; R’’ =CN), N-p-methoxyphenylmorpholine being a by-product. On 
hydrolysis, the former was converted into 4-carbory-1-p-hydroxyphenyl-4-phenylpiperidine which could not be 
directly esterified with methanolic hydrogen chloride. Moreover by treatment with diazomethane it was con- 
verted into 4-carbomethoxy-1-p-methoxyphenyl-4-phenylpiperidine. By esterifying the corresponding 1-p- 
acetoxyphenyl compound to produce 4-carbomethoxy-1-p-acetoxyphenyl-4-phenylpiperidine and removing the 
acetyl group the desired 4-carbomethoxy-1-p-hydroxyphenyl-4-phenylpiperidine was obtained. 

Di-(8-chloroethyl)aniline reacted with ethyl malonate producing 4: 4-dicarbethoxy-1-phenylpiperidine, 
which was devoid of analgesic activity despite its angular structure. 

Attempts to prepare 3 : 4-dimethoxybenzyl chloride by intereaction of veratrole with trioxymethylene and 
hydrogen chloride in acetic acid gave a very low yield of veratryl alcohol, and a rather similar approach was 
made by allowing vanillin to react with benzyl chloride to obtain O-benzyl-vanillin which was to have been 
reduced. These experiments were abandoned when the paper of Schaumann (loc. cit.) became available. 

6-Pheny]-2 : 2-dimethyl-piperidone could not be reduced by the Clemmensen method, only mixtures of low 
boiling ketones being recovered. It was, however, reduced satisfactorily to 6-phenyl-2 : 2-dimethylpiperidine by 
hydrazine in presence of sodium ethoxide. The latter, when allowed to react with ethoxyethyl bromide, was 
converted into 1-8-ethoxyethyl-6-phenyl-2 : 2-dimethylpiperidine (V). Attempts to alkylate the parent piperidone 
with methyl iodide, ethylene oxide, or ethylene chlorohydrin failed. Nevertheless, it reacted spontaneously 
with methyl sulphate and 6-phenyl-1 : 2 : 2-trimethyl-4-piperidone was isolated, and an oxygenated analogue, 
6-(4'-benzyloxy-3'-methoxyphenyl)-2 : 2-dimethyl-4-piperidone (VI) was prepared from O-benzylvanillin and 
diacetonamine oxalate. In contrast with the 6-phenyl compound, the modified Kishner-Wolff reduction did 
not reduce the more complex piperidone and, in view of unpromising biological results, attempts at further 
modification of these piperidones were abandoned. 


EXPERIMENTAL. 


2-Benzylpiperidine Derivatives.—2-Benzylpyridine (46 g.; b. p. 146°/12 mm.) was hydrogenated in dioxan (300 c.c.) 
at 150°/95 atm. over Raney nickel (6 g.); 75% of the calculated amount of hydrogen was absorbed. The crude product 
was distilled and the distillate (46 g., b. p. 135°/12 mm.) treated with acetic anhydride (28 g.) for 1 hour at 90° and 
poured into water (300 c.c.). Unchanged benzylpyridine and other unacetylated products (10 g.) were removed from the 
oil by washing with n-HCl (250 c.c.) and 1-acetyl-2-benzylpiperidine distilled as an oil, b. p. 189°/12 mm. (Found : N, 66. 
C,,H,,ON requires N, 6.45%). It was almost unaffected by refluxing with concentrated hydrochloric acid for 90 minutes. 
and was hydrolysed by heating the oil (30 g.) with concentrated hydrochloric acid (40 c.c.) at 150° for 18 hours (sealed 
tube); on basifying the resulting solution, 2-benzylpiperidine, b. p. 128°/12 mm. (19 g.), was obtained. The picrate 
separated from acetone in prisms, m. p. 155° (Tshitschibabin, J. Russ. Phys. Chem. Soc., 1901, 88, 249, gives m. p. 156— 

57°). The methiodide soldified on rubbing with ether and was recrystallised from methanol when it:formed prisms, m. p. 
26° (Found: I, 40-0. C,,;H,,NI requires I, 39-3%). Treatment of the methiodide with sodium hydroxide liberated an 
ojl which was distilled under-reduced meg 2-benzyl-1-methylpiperidine, b. p. 128°/12 mm., was obtained (Found: 
+ 82-8; H,10-0. Calc. forC,,H,,N: C, 82-5; H, 10-1%). Ethylene bromohydrin (5-6 g.) and 2-benzylpiperidine (7-8 g.) 
were heated at 100° for 10 minutes; when the product was mixed with dioxan the quaternary salt solidified after some 
time; it was recrystallised from dioxan. 1-f-Hydroxyethyl-2-benzylpiperidine hydrobromide had m. p. 133° (Found: 
Br, 26-9. C,,H,,ONBr requires Br, 26-6%).~ Liberation of the base with sodium hydroxide and distillation gave 1- 
hydroxyethyl-2-benzylpiperidine as an oil, b. p. 130°/4 mm. (Found: C, 76-0; H, 9-9. C,,H,,ON requires C, 76-6; 4, 
9-7%). The base was heated at 100° for two hours with excess of benzoyl chloride, excess acid chloride removed by 
extracting an acid digest of the product with ether, and the benzoylated base liberated; 1-f-benzoyloxyethyl-2-benzyl- 
_ Piperidine was an oil, b. p. 160° /0-005 mm. (Found: C, 78-0; H, 7-9. C,,H,,O,N requites C, 78-0; H, 7:8%). 
— 2-Benzylpiperidine (17 g.), water (160 c.c.), mercuric acetate (32 g.) and sufficient acetic acid to give a clear solution were 
warmed at 70° for 2 hours. _The suspension was filtered and the filtrate freed from mercury salts with hydrogen sulphide 

in the usual way. The base} 2- iperidyiphenylcarbinol, was liberated from the final filtrate with aqueous sodium carbon- 
ate and obtained as an oil (12 g-);b. p. 103°/3 mm-; it gave a picrate which separated from cyclohexanone in prisms, mm P. 


167° (decomp.) (Found: C, 52:4; H, 3°6. C,,H,,O,N, requires C, 52-2; H, 3-4%). 2-Benzylpiperidine was heated 
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with an equimolecular quantity of B-bromoethyl methyl ether and the base liberated with sodium hydroxide; 1-8- 
methoxyethyl-2-benzylpiperidine formed an oil, b. p. 180°/14 mm. (Found: C, 77-4; H, 9-95. C,,H,,ON requires C, 
17:25; H, 10-0%). 1-B-Ethoxyethyl-2-benzylpiperidine, b. p. 185°/14 mm., was prepared in a similar way (Found: C, 
17-65; H, 10-5. C,gH,,ON requires C, 77-7; H, 10-2%). 
Phenylpiperidine Devivatives.—Powdered sodamide (7 g.) was slowly added to a solution of di-(f-chloroethyl)aniline 
(15 g.) and benzyl cyanide (8 g.) in toluene (50 c.c.) at ~45°, the reaction being completed by refluxing for 1 hour. Decom- 
sition with water, removal of toluene in steam and distillation of the residue at 95° in high vacuum gave 4-cyano-1 : 4- 


diphenyl piperidine which solidified and was recrystallised from methanol, forming prisms, m. p. 97° (yield, 6-9 g.) a” 


(Found: C, 82:8; H, 7-1; N, 10-4. C,,H,,N, requires C, 82-5; H, 6-9; N, 10-7%). Attempted hydrolysis with sul- 
huric acid was complicated by sulphonation, and no ey? re was isolated. The cyanide (8-5 g.) was heated for 
12 hours at 170° with hydrobromic acid (48%; 60 c.c.). Hydrogen bromide was removed under reduced pressure and 
the crude acid precipitated by bringing an alkaline solution of the residue to pH = 2; 1 : 4-diphenylpiperidine-4-carb- 
oxylic acid crystallised from ethanol in small prisms, m. p. 223° (Found: C, 76:8; H, 6-8. C,H ,,0,N requires C, 76-9; 
H,-6-9%). The acid was esterified with diazomethane in ethereal suspension. 4-Carbomethoxy-1 : Yer St ET 
crystallised from ligroin containing a little chloroform in needles, m. p. 88° (yield, 6-3 g.) (Found: C, 77-1; H, 7:1. 
CigHe10,N requires C, 77-3; H, 7-2%). The cyanide (11 g.) in tsoamyl ether (70 c.c.) was added to a Grignard reagent 
prepared from magnesium (4 g.), ethyl bromide (18 g.) and zsoamyl ether (100 c.c.) and the whole kept at 100° for 20 hours. 
Ice followed by 20% sulphuric acid (60 c.c.) was added and the resulting solid collected. This was 1 : 4-diphenyl-4- 
piperidyl ethyl ketone hydrobromide which was recrystallised from ethanol and from acetic acid; it had m. p. 256° (yield, 
11-3 g.) (Found: C, 63-8; H, 63. C,,.H,,ONBr requires C, 64:1; H, 65%). Treatment with sodium hydroxide gave 
the base which crystallised from methanol in small needles, m. p. 77° (Found: C, 82-0; H, 7:5. Cy 9H,,ON requires C, 
81:9; H, 7:9%). 

p-Anisidine (40 g.) and ethylene chlorohydrin (26 g.) were kept at 130° for 3 hours, a vigorous reaction taking place 
during the first few minutes. Addition of water (300 c.c.) and excess of sodium hydroxide gave an oil which was taken 
up in ether and fractionated under reduced pressure. Di-(B-hydroxyethyl)-p-anisidine (32 g.) was collected at 242°/12 
mm.; when crystallised from methanol it formed prisms, m. p. 73° (Found: C, 62-4; H, 8-3. C,,H,,0,N requires C, 
62:5; H, 8:20): Di-(B-hydroxyethyl)-2-anisidine (35 g.) in chloroform (200 c.c.) was treated slowly with phosphorus 
oxychloride (25 g.), the solution kept for 1 hour at 90°, and decomposed with aqueous sodium carbonate. The oil was 
taken up in chloroform and distilled under reduced pressure; di-(8-chloroethyl)-p-anisidine had b. p. 158°/4 mm. and 
separated from methanol in prisms, m. p. 51° (yield 30 g., 75%) (Found: C, 53-1; H, 5-9. C,,H,,ONCI, requires C, 
53-2; H, 6-1%). The chloro-compound (12-5 g.) was condensed with benzyl cyanide (6 g.) as in the case of di-(8-chloro- 
ethyl)aniline above. Unchanged chloro-compound and a substituted morpholine (6-1 g.), b. p. 140°/2 mm., were recovered 
and 4-cyano-1-p-methoxyphenyl-4-phenylpitperidine (7 g.) collected at 210°/2 mm.; the cyanide crystallised from ethanol 
in prisms, m. p. 96° (Found: C, 77-7; H, 6-7. CygH,ON, Tequires C, 77-6; H, 6-9%). The lower boiling fraction 
solidified and was crystallised from light petroleum, separating in prisms, m. p. 73—74°; this material contained 
no halogen but was soluble in dilute hydrochloric acid and was evidently N-p-methoxyphenylmorpholine (Found: C, 
68-4; H, 7-85. C,,H,,0,N requires C, 68-4; H, 7-85%). The above 4-cyano-1-p-methoxyphenyl-4-phenylpiperidine 
(2-9 g.) was heated for 15—16 hours at 170° (sealed tube) with hydrobromic acid (48%; 20c.c.). The solid hydrobromide 
was dissolved in aqueous sodium hydroxide, the solution acidified and the precipitate sublimed at 200° in high vacuum; 
4-carboxy-1-p-hydroxyphenyl-4-phenylpiperidine had m. p. 284° (decomp.) (yield, 97%) (Found: C, 72-65; H, 6-45. 

X1sH,,0,N requires C, 72-6; H, 6-45%). This acid (7-3 g.) was acetylated with acetic anhydride (10 c.c.) and pyridine 

(ké-c.c-)-and reaction completed on the steam-bath for 1 hour. Addition of water precipitated crude 4-carboxy-1-p- 
acetoxyphenyl-4-phenylpiperidine (6 g.) which crystallised from ethanol in microscopic prisms, m. p. 216° (Found: C, 
70-7; H, 6-25. C,,H,,0O,N fequires C, 70-8; H, 6-25%). Excess of diazomethane in ether (200 c.c.) containing a little 
methanol was added-te-the foregoing compound (4-7 g.) and the mixture left overnight; the solvent was removed and the 
ester (4 g.) recrystallised from ethanol. mance Ot Ee a eg peridine crystallised in prisms, m. p. 
115—117°, and could be sublimed in high vacuum at 140° (Found: C, 70-8; H, 
H, 66%). This ester (4 g.) was shaken for 2 hours at 40° with sodium hydroxide (2 g.) imwater (20 c.c.) and ethanol 
(30 c.c.), the solution acidified, the filtrate neutralised with sodium bicarbonate and the precipitate so obtained (3-1 g.) 
extracted with ether. The ester, obtained from the ethereal solution, could be sublimed at 110° in high vacuum-and 
separated from ethyl acetate in microscopic needles, m. p. 172° (Found: C, 73-3; H, 6-5. ©, ,H,,0O,N requires C, 73-3; 
H, 68%). 4-Carboxy-1-p-hydroxyphenyl-4-phenylpiperidine was left for some hours with.exeess.of ethereal diazo- 
methane containing a little methanol. After removing the solvents, the residue, dissolved in carbon tetrachloride, was 
chromatographed on alumina and the material recovered from the eluate recrystallised from a ligroin—-carbon tetra~ 
chloride (10:1). 4-Carbomethoxy-1-p-methoxyphenyl-4-phenylpiperidine separated in small needles, m. p. 146° (Found : 
i 73°65 ; H, 6-9. Cyp5H,,;0,N requires Cc, 73°85; H, 7-1%). 

Ethyl malonate (10 g.), molecular sodium (1-5 g.) and di-(8-chlorethyl)aniline (13-7 g.) were heated in toluene (50 c.c.) 
for 24 hours at 100°. Addition of water and distillation of the toluene layer gave 4: 4-dicarbethoxy-1-phenylpiperidine 
as an oil, b. p. 140°/4 mm., which solidified and crystallised from methanol in prisms, m. p. 53° (Found: C, 66-8; H, 7-2. 
C,,H,,;0,N requires 3, 66-9; H, 7-6%). 

6-Phenyl-2 : 2-dimethyl-4-piperidone (Kleintz, Annalen, 1878, 192, 63) (10 g.) was warmed to 100° for 10 mihutes 
with dimethyl sulphate (6-3 g.).. The solid product was dissolved in ethanol and poured into excess aqueous sodium 
hydroxide and the organic base extracted with ether and distilled. 6-Phenyl-1 : 2 : 2-trimethyl-4-piperidone (5 g.) had 
b, p. 163°/12 mm.; it solidified and crystallised from ligroin in stout prisms, m. p. 77 (Found: Q 77-7; H, 8-7. 
Ci,H,,ON requirés C, 77-4; H, 8-8%). 6-Phenyl-2 : 2-dimethyl-4-piperidone (26 g.) was added to sodium methoxide 
(65 g.) and ethanol (100c.c.) followed by 98% hydrazine hydrate (15 g.) and the whole heated (autoclave) at 200° for 15 hours> 
Ethanol was removed at 100°, the residue diluted with water to 700 c.c. and the base extracted with ether. 6-Phenyl- 
2 : 2-dimethylpiperidine (22-5 g.) was collected as a liquid, b. p. 127°/12 mm. (Found: C, 82-95; H, 9-85. C,,;H,)N 
requires C, 82-5; H, 10-1%); its picrate separated from ethyl acetate—ligroin in needles, m. p. 173° (Found: C, 54-0; 
H, 5-5. CyHyO,N/ requires C, 54:0; H,5-3%); its hydrobromide crystallised from ethanol in prisms, m. p. 293° 
(Found : C 5t-bs ; 7-5. CysH,NBr requires C, 57-8; H, 7-4%). When the preceding base (22-5 g.) was heated with 
ethoxyethyl bromide (21 g.) at-470°-for 5 hours (sealed tube) much of it owes reaction and was recovered as hydro- 
bromide, but from the mixture of liquid products 1l-ethoryethyl-6-phenyl-2 : 2-dimethylpiperidine (11-8 g.) was isolated 
by fractionation as a liquid, b. p. 172°/23 mm. (Found: C, 78-25; H, 10-5. C,,H,;ON requires C, 78-15; H, 10-40%); 
its picrate was not suitable for characterisation but it formed a perchlorate, m. p. 165°, which crystallised from ethanol in 
small prisms (Found: C, 56-2; H, 7-6. C,,H,,0;NClI requires C, 56-4; H, 7-8%). 

Diacetonamine oxalate (20 g.), vanillin (16 g.) and ethanol (100 c.c.) were refluxed for 2 hours, the filtrate and hot 
ethanol washings (50 c.c.) concentrated to 100 c.c. and refluxing continued for 12 hours; the solid was collected and the 
filtrate again refluxed for 4 hours. The solid products (18 g.) were shaken with ether and sodium bicarbonate so that the 
aqueous phase was at pH = 7-4 and the ethereal extracts were concentrated. 6-(4’-Hydroxy-3’-methoxy-phenyl)-2 ; 2- 
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dimethyl-4-piperidone (10-3 g.) so obtained was recrystallised from carbon tetrachloride—benzene in prisms, m, p, 19g 
/ (Found: C, 67-3; H, 7-5. C,H ,0O;N requires C, 67-45; H, 7-7%). Vanillin (50 g.) in ethanol (100 c.c.) was 

slowly with shaking to ethanol (100 c.c.) containing sodium (7-7 g.) followed by benzyi chloride (44 g.) and sodium iodig. 
(3 g.) and the whole refluxed for 6 hours. The cold solution was filtered and: concentrated and the benzyl ether crystaj. 
lised (total yield, 69 g.). 4-Benzyloxy-3-methoxybenzaldehyde had b. p. “ga mm, and separated from methanol jy 
—. m. p. 67° (Found: C, 74:55; H, 5-95. C,,H,,O, requires C, 74-4; H, 58%). Diacetonamine oxalate (49 g) 

enzylvanillin (105 g.) and ethanol (200 c.c.) were refluxed for 40 hours, the solid which separated being removed jp 
stages (total yield of the piperidone oxalate, 70 g.). Treatment of the solid with aqueous sodium hydroxide 
6-(4’-benzyloxy-3'-methoxy-phenyl)-2 : 2-dimethyl-4-piperidone which separated from ethanol in prisms, m. p. 123° (yiglg 
53 g.) (Found: C, 74-0; H, 7-5. C,,H,,0,N requires C, 74-3; H, 7-45%). 
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241. Some Aryl Di-G-amidinoethyl Ethers. 
By A. H. Coox and K. J. REep. 


Several dihydric phenols have been condensed with vinyl cyanide and the resulting di-8-cyanoethy] ethers 
converted into the corresponding diamidines (II), via the di-y-imino-y-propoxyethyl ethers. In most cases 
the latter compounds readily underwent alcoholysis to B-carbethoxyethyl ethers. ; 


SrnceE the discovery of the trypanocidal action of certain aliphatic diamines, diamidines, dignanidines, and 
ditsothioureas of the type of synthalin, many aromatic diamidines of the general skeleton (I) have been pre- 
pared and examined (see, for example, Ashley ef al., J., 1942, 103); these include diamidines where R is an 
aliphatic chain, a chain including O, NH, hydroxyl, keto or other groupings, or an ethylenic linkage (Fulton 
and Yorke, Ann. Trop. Med., 1943, 87, 48). The main feature common to all the effective structures is the 


Hh — NH “ be * ° NH 
NHC <_>- RX >—C<NH, NH, >CCHyCHy-OAr0-CHy CHy CK 


(I.) (II.) 


separation of the basic groupings by a chain, which may be continued through aromatic rings, of considerable 
length. As a number of phenols were being cyanoethylated in another connection, it was thought worth 
while to convert the derivatives of dihydric phenols into the corresponding diamidines; these would thus 
bear resemblance to comipounds of both the synthalin and the propamidine type, and the distance between 
the amidine groupings could be controlled by the use of appropriately orientated phenols. 

The cyanoethylation of a few phenols had been previously described in the patent literature (F.P. 833,734; 
D.R.P. 670,357) ; the method consisted in the interaction of phenols and vinyl cyanide in presence of metallic 
sodium. In the present work this catalyst proved troublesome as it resulted in undue polymerisation, and 
trimethylbenzylammonium hydroxide had a similar disadvantage. Using sodium methoxide, however, 
1:2-, 1:3-, and 1: 4-di-8-cyanoethoxybenzene, 2: 6- and 2: 7-di-B-cyanoethoxynaphthalene, and 4: 4'-di-f- 
cyanoethoxydiphenyl as well as B-cyanoethyl phenyl ether were prepared. Similar condensations with isopropenyl 
cyanide could not be effected. . 

Keeping the dicyanides in chloroform or dioxan (cf. King and Wright, J., 1939, 253) containing excess of 
ethanol and hydrogen chloride (cf. Ashley et al., loc. cit.) afforded the corresponding iminoethers which were 
smoothly converted into the esters in boiling ethanol; indeed, 1 : 2-di-8-cyanoethoxybenzene was converted 
directly into the ester and in this case the iminoether was not isolated. Only tarry mixtures resulted from 
the action of liquid ammonia or 8—10% alcoholic ammonia on the iminoethers but 1 : 3- and 1 : 4-di-B-amidino- 
ethoxybenzene, 2 : 6-di-B-amidinoethoxynaphthalene, and 4 : 4'-di-B-amidinoethoxydiphenyl, eventually in the 
form of their tartrates, were obtained by the action of 50% ethanolic ammonia. 


EXPERIMENTAL. j 


Aryl B-Cyanoethyl Ethers.—The general method consisted in heating vinyl cyanide with the phenol and sodium or 
sodium methoxide under pressure, recovering excess of vinyl cyanide by distillation under reduced pressure, and treat- 
ing the residue with aqueous sodium hydroxide; the product thencrystallised. ~-Cyanoethyl phenyl ether (yield, 70%) from 
phenol (18-8 g.), sodium (0-2 g.), and vinyl cyanide (14 g.) at 130—140° for 5 hours, separated from cyclohexane in 
prisms, m. p. 61—62° (Found: N, 9-5. C,H,ON requires N, 95%). Vinyl cyanide (30 g.), catechol (10 g.), and sodium 
methoxide (0-6 g.) at 85° for 24 hours gave 1 : 2-di-B-cyanoethoxybenzene (4-8 g.) which separated from ethanol in long 
needles, m. p. 123° (Found: C, 66-2; H, 5-4; N, 12-9. C,,H,,0,N, — C, 66-u; H, 5-6; N, 12-95%). The follow- 
ing were similarly obtained: 1 : 3-Di-B-cyanoethoxybenzene (Found : , 66-4; H, 5-6; N, 12-95%) (yield, 53%), and 
1 ; 4-di-B-cyanoethoxybenzene (Found: C, 663; H, 5-4; N, 12-7%) (yield, 50%) which crystallised from ethanol in 
needles, m. p. 112° and 140—141° respectively; 4: 4’-di-B-cyanoethoxydiphenyl (yield, 47%), from 4: 4’-dihydroxydi- 
phenyl (30 g.), sodium methoxide (2 g.) and vinyl cyanide (200 g.), which separated from acetic acid in leaflets, m. p. 
‘188—189° (Found: C, 74-0; H, 5:6; N, 9-7. C,,H,,O,N, requires C, 74-0; H, 5-5; N, 96%); 2: 6-di-B-cyanoethoay- 
naphthalene which crystallised from dioxan in long needles, m. p. 194° (Found: C, 71-7; H, 5:3; N, 10-2. C,gH,,OjNy 
requires C, 72:1; H, 5:3; N, 105%); 2: 7-di-B-cyanoethoxynaphthalene which separated from ethanol 4n leaflets, 
m. p. 153° (Found: N, 10-6%). 


Aryl y-Imino-y-prepoxyethyl Ethers.—The following was a typical preparation though the optimum reaction time 
differed in other instances: 1 : 4-Di-8-cyanoethoxybenzene (4 g.) was suspended in dioxan (50 c.c.) containing ethanol 
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(6c.c.) and kept for 2 days at 0° after saturation with hydrogen chloride. Precipitation of the iminoether hydrochloride 
was completed by adding ether (100 c.c.). 1: 4-Di-y-ethoxy-y-iminopropoxybenzene hydrochloride (7 g.) separated from a 
mixture of acetic acid and ether in small prisms, m, p. 205—-207° (Found: N, 7-3. C,gH,g0,N,Cl, requires N, 7:35%). 
The following were prepared similarly: 1 : 3-Di-y-ethoxy-y-iminopropoxybenzene hydrochloride (yield theoretical) which 
formed small prisms from a mixture of ac®tit-acid and ether, m. p. 125—-135° (decomp.) depending on rate of heating 
(Found: N, 7:3%); 4: 4’-di-y-ethoxy-y-iminopropoxydiphenyl hydrochloride (reaction time, 1 week) which separated in 
crystalline form from a mixture of acetic acid and ether (Found: N, 6-05. C,H ,,0,N,Cl, requires N, 6-1%); 2: 6-di- 
y-ethoxy-y-iminopropoxynaphthalene hydrochloride (reaction time, 2 weeks; yield theoretical) which formed prisms, m. p. 
220—222° (slight decomp.), from acetic acid (Found: N, 6-5. Cy 9H,,0,N,Cl, requires N, 65%); 2: 7-di-y-ethoxy-y- 
iminopropoxynaphthalene hydrochloride which separated from a mixture of acetic acid and ether in prisms, m. p. 240° 
(decomp.) (Found: N, 66%). 

Aryl B-Carbethoxyethyl Ethers.—1 : 4-Di-B-ethoxy-f-iminoethoxybenzene hydrochloride (0-5 g.) was refluxed for 
30 mins. with ethanol (15 c.c.), the solution concentrated and diluted with water (20 c.c.); a nitrogen-free crystalline 
mass was precipitated (yield theoretical). 1 : 4-Di-B-carbethoxyethoxybenzene separated from ligroin in silky needles, 
m. p. 59—61° (Found: C, 62-2; H, 7-2.,C,,.H,,O, requires C, 61-9; H, 7:1%). 1: 3-Di-B-carbethoxyethoxybenzene, 
prepared in analogous manner (yield; 69%), formed silky needles, m. p. 43—44°, from ligroin (Found: C, 62-3; H, 
69%); 2: 6-di-B-carbethoxyethoxynaphthalene, prepared similarly, separated from ethanol in needles, m. p. 122—124° 
(Found: C, 66:3; H, 6-8. C,gHg,O¢ requires C, 66-6; H, 6-7%). Attempts to convert the cyanide from catechol 
into the iminoether by the method described above gave only an impure hydrochloride which on refluxing with ethanol, 
concentrating the solution, and adding water gave the pure N-free ester; 1 : 2-di-B-carbethoxyethoxybenzene crystallised 
from ligroin in fragile needles, m. p. 47—-48° (Found: C, 61:9; H, 7-2. C,,H,.O, requires C, 61-9; H, 7-1%). 

Aryl B-Amidinoethyl Ethers.—A typical preparation was carried out as described. 1 : 4-Di-8-ethoxy-f-iminoethoxy- 
benzene hydrochloride (7-5 g.) was shaken with ethanol (20 c.c.) and liquid ammonia (20 c.c.) at room temp. for 3 hours 
and then at 40—50° for 2 hours (autoclave). Most of the ammonia was removed under reduced pressure and the amidine 
hydrochloride contaminated with ammonium chloride allowed to crystallise after dilution of the resjdue with ethanol ; 
more of the free base was obtained by concentrating the mother liquor, removing ammonium chloride, and again 
diluting with ethanol. The hydrochloride was dissolved in the minimum of water, the free base liberated with cold 
aqueous potassium carbonate, the whole evaporated under reduced pressure and the solid extracted with ethanol. 
Concentration of the extract and addition of alcoholic tartaric acid gave the deliquescent crystalline tartrate which was 
collected and washed with ethanol. 1 : 4-Di-B-amidinoethoxybenzene tartrate had m. p. 148—150° (decomp.) and could 
not be recrystallised unchanged (Found: N, 13-7. CisH ON, requires N, 14:0%). The following were obtained 
similarly : 1 : 3-di-B-amidinoethoxybenzene tartrate, m. —p.-110°-({decomp.) (Found: N, 136%); 4: 4’-di-B-amidino- 
ethox diphenyl _tartrate, m. R 200° (Found: N, 14-4. C,.H,,O,N, requires N, 14-0%); 2: 7-di-B-amidinoethoxy- 
naphthalene tartrate, M. p. 217° (aecomp:)-{Found : N, 12-7. CacltsO.N, requires N, 12-5%). 


The authors thank Prof. I. M. Heilbron, D.S.O., F.R.S., for his interest and encouragement and I.C.1. Ltd. (Dyestuffs 
Division) for financial assistance and gifts of chemicals. 
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242. Esters Containing Phosphorus. Part III. Dialkyl Iodophosphonates. 


By H. McComsie, B. C. SAUNDERs, and G. J. STACEY. 


Dialkyl iodophosphonates, although very unstable, can be obtained in ethereal solution by the action of 
iodine on trialkyl phosphites. The iodophosphonates are converted practically quantitatively into the corre- 
sponding aminophosphonates on treatment with the appropriate amine. Iodine has no marked action on 
dialkyl hydrogen phosphites, and therefore a trialkyl phosphite can be detected in the presence of a dialkyl 
hydrogen phosphite by this means. 


In Parts I and II (this vol., pp. 380, 873) it was shown that dialkyl chlorophosphonates could be readily 
prepared by the action of chlorine on the corresponding dialkyl hydrogen phosphites : 


Se a ere 2 Fae. oo giskaad esrunae te ue ee 


Atherton, Openshaw, and Todd (this vol., p. 382) carried out a similar reaction with dibenzyl hydrogen phos- 
phite and obtained the unstable chlorophosphonate in ethereal solution. With a view to the preparation 
of the hitherto undescribed diethyl iodophosphonate, we investigated the action of iodine on diethyl hydrogen 
phosphite and found that practically no change took place, due presumably to the fact that the hydrogen 
iodide formed immediately reduced any iodophosphonate to the original hydrogen phosphite : 
(EtO), IP.O + HI <= (EtO),POH +1,. . . « © © © « % (b) 

Evidence for this reaction has been obtained by passing gaseous hydrogen iodide into an ethereal solution of 
diethyl iodophosphonate (prepared as described below) and finding that iodine was liberated in accordance 
with equation (b). Attempts, however, to isolate the hydrogen phosphite have so far not been successful 
owing to difficulties in removing the iodine completely and to decomposition during the final distillation. 
It is also probable that the reaction is more complex than indicated by equation (0). 

Attempts were then made to prepare the dialkyl iodophosphonate from the trialkyl phosphite by the 
action of iodine in a suitable solvent. By analogy with the corresponding reaction between chlorine and a 
trialkyl phosphite (Part I, loc. cit.; Gerrard, J., 1940, 1464), it was to be expected that no hydrogen iodide 
would be evolved and so the reaction should proceed to completion. This was shown to be the case. 

(EtO),P + 1, = (EtO),IP10+C,H,I. . . .. (c) 


When an ethereal solution of iodine was added to triethyl phosphite a rapid reaction ensued, the iodine 
3Q 
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being taken up quantitatively in accordance with equation (c). This ethereal solution proved to be fairly 
stable but, in removing the ether at room temperature, some separation of solid took place. The iodophos. 
phonate could not be purified by distillation as decomposition set in with the formation of the iodides of 
phosphorus. Although it could not be isolated, further evidence for the quantitative production of the iodo. 
phosphonate in ethereal solution was obtained by its conversion, in almost theoretical yield, into the stable 
crystalline diethyl anilinophosphonate and aniline hydriodide by means of aniline. 

(EtO),IP:O + 2PhNH, = (EtO),(PhNH)P‘O + PhNH,,HI 

An account is given below of the preparation in ethereal solution of dimethyl, diethyl, and di-isopropyl 
iodophosphonates and of the preparation from the appropriate solution of dimethyl anilinophosphonate, diethyl 
anilinophosphonate, diethyl methylaminophosphonate, and di-isopropyl] anilinophosphonate. 

In view of the fact that iodine reacts quantitatively with a trialkyl phosphite, but not to any detectable 
extent with a dialkyl hydrogen phosphite, it was thought that a method of estimating a trialkyl phosphite 
in the presence of a dialkyl hydrogen phosphite might be devised (such an estimation is of importance in 
that the hydrogen phosphite is often a by-product in the preparation of a trialkyl phosphite and vice versa). 
Experiments with this object in view were carried out with known mixtures of triethyl phosphite and diethyl 
hydrogen phosphite. A sharp end-point (appearance of a permanent yellow coloration) was obtained by 
running a benzene solution of iodine into a benzene solution of the phosphites. The reaction was rapid, but 
low results were always obtained for the percentage of trialkyl phosphite in the mixture. The error in the 
result increased as the percentage of hydrogen phosphite increased. The correct titration value was, how- 
ever, obtained for triethyl phosphite in the absence of hydrogen phosphite. 

Thus, while it is not possible at present to employ the method on a strictly quantitative basis, it is of some 
use in detecting the existence of mixtures of trialkyl phosphites and dialkyl hydrogen phosphites, and of 
obtaining a very rough estimate of the proportions present. The method has been found particularly useful 


in detecting the presence of di-n-butyl hydrogen phosphite in samples of tri-n-butyl phosphite, which have 
similar b. p.’s. 


EXPERIMENTAL. 


Ethereal Solution of Dimethyl Iodophosphonate.—To a solution of trimethyl phosphite (5-0 g., 0-04 mol.) in ether 
(20 c.c.), cooled in ice-water, was slowly added a solution of iodine (10-2 g., 0-04 mol.) in ether (80 c.c.). The end of 
the reaction was indicated sharply by the appearance of a permanent yellow coloration. This ethereal solution was 
used immediately for the preparation of the anilinophosphonate. 

Dimethyl Anilinophosphonate.—To the ethereal solution of the iodophosphonate, aniline (7-4 g., 0-08 mol.) in ether 
(50 c.c.) was added slowly with shaking and cooling. The precipitated aniline hydriodide (8-5 g.) was separated and 
the ether removed from the filtrate leaving dimethyl anilinophosphonate as a white crystalline solid in theoretical yield 
(8-2 g.). The product was recrystallised from a fairly large volume of water. It tended to separate as an gil, but this 
was usually prevented by the addition of a few drops of methanol. It had m. p. 88—88-5° (Found: C, 48-0; H, 6-33; 
N, 7:22. C,H,,O,NP requires C, 47:8; H, 6-02; N, 6-97%). 

Ethereal Solution of Diethyl Iodophosphonate.—To a solution of triethyl phosphite (3-3 g., 0-02 mol.) in dry ether 
(10 c.c.) cooled in ice-water, iodine (5-1 g., 0-02 mol.) dissolved in dry ether (40 c.c.) was slowly added. Each portion 
of the iodine was immediately decolorised and the appearance of a permanent yellow coloration coincided almost exactly 
with the end of the addition. The yellow coloration was discharged by the further addition of a few drops of triethyl 
phosphite. (If the ether was distilled away under reduced pressure at room temperature, the residual liquid quickly 
developed a brown coloration, and a brown powder, containing iodides of phosphorus, soon separated. The ethereal 
solution was therefore used for subsequent experiments.) 

Diethyl Anilinophosphonate.—To the ice-cold ethereal solution of iodophosphonate, was added slowly aniline (3-7 g., 
0-04 mol.) dissolved in ether (20 c.c.). The white precipitate of aniline hydriodide was separated and the filtrate evapor- 
ated to dryness leaving the anilinophosphonate (41 g., 90%) which was recrystallised from water. It had m. p. 95-5— 
96-5° and was identified as diethyl anilinophosphonate (cf. Part I, loc. cit.). 

Diethyl Methylaminophosphonate.—To a solution of methylamine (3-1 g., 0-1 mol.) in ether (50 c.c.) cooled to 0° was 
added slowly a solution of diethyl iodophosphonate [prepared from triethyl phosphite (6-6 g., 0-04 mol.) in ether (20 c.c.) 
and iodine (10-2 g., 0-04 mol.) in ether (80 c.c.)]. A small quantity of a sticky solid separated from the mixture. The 
ether was evaporated and benzene (50 c.c.) added to bring about the separation of the methylamine hydriodide in a 
crystalline form. After separating the hydriodide, the benzene was distilled from the filtrate and the residue distilled 
at 135°/17 mm.; some fuming occurring during the distillation. The yield was 1-7 g., 26% (Found: C, 35-9; H, 8-44; 
N, 8-55. C,H,,O,;NP requires C, 35-9; H, 8-44; N, 838%). 

Ethereal Solution of Di-isopropyl Iodophosphonate.—The procedure was similar to that for the corresponding ethyl 
compound. As before, decomposition occurred when the ether was distilled from the reaction mixture and the ethereal 
solution was therefore used directly for the preparation of di-isopropyl anilinophosphonate; it was obtained in almost 
theoretical yield, and recrystallised from a rather large volume of aqueous methanol. It had m. p. 121—121-5° which 
was unchanged on admixture with an authentic specimen of di-isopropylanilinophosphonate (cf. Part I, loc. cit.). 
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243. The Mechanism of Condensation of the Anhydrides of Mono- and Di-sub- 


stituted Succinic Acids with Aromatic Hydrocarbons under the Conditions of the 
Friedel-Crafts Reaction. 
By M. A. SaBoor. 


The condensation of the mono- and di-substituted succinic anhydrides with aromatic hydrocarbons in 
presence of aluminium chloride is discussed. The monosubstituted anhydride always produces two isomers, 
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viz., B-aroyl-a- and -B-monosubstituted propionic acids, but the disubstituted anhydride produces one acid only, 
the p-aroyl-aa-disubstituted propionic acid. One or two contradictions in the literature are shown to be due 
to inaccuracy. An explanation is offered for the production of two isomeric acids from the monosubstituted 
anhydride and the production of one isomeric acid from the disubstituted anhydride. ’ 


WuEN a benzene solution of a monoalkylated succinic anhydride is treated with aluminium chloride the main 
product is the a-substituted benzoylpropionic acid, Ph-CO-CH,-CHR-CO,H (I) with a smaller proportion of 
the 6-substituted acid, Ph-CO-CHR-CH,°CO,H (II). The aa-disubstituted benzoylpropionic acid, 
Ph-CO-CH,°CR,°CO,H (III), 
is the only product from an unsymmetrically disubstituted succinic anhydride (Rothstein and Saboor, /J., 
1943, 425; g.v. for references to previous work in this field). An apparent exception to this rule is the observ- 
ation of Sen-Gupta (J. Indian Chem. Soc., 1934, 11, 392) that cyclopentane-l-carboxylic-l-acetic anhydride 
furnishes 1-benzoyl-cyclopentane-l-acetic acid, Ph-CO-C(:C,H,)-CH,°CO,H (IV). Sen-Gupta found that this 
acid was identical with that obtained in the Friedel-Crafts reaction using the half ester chloride, 
CICO-C(:C,H,)-CH,"CO,Me (V). 

The reactions of the acid (IV) do not confirm its assigned structure. Both this acid and its isomeride 
(III; R = :C,H,) can be expected to behave similarly towards reduction and cyclisation. On the other 
hand, the easy formation of a semicarbazone is inconsistent with the structure, C,H,:C(CO-Ph)-, where steric 
hindrance might be expected to impede it (cf. inter alia, Haller and Bauer, Compt. rend., 1909, 148, 72; 1910, 
150, 1475; Kipping, J., 1894, 65, 497; Rothstein and Saboor, Joc. cit.). Rothstein and Saboor showed 
that tertiary acid chlorides should eliminate carbon monoxide in the Friedel-Crafts reaction resulting in a 
§-pheny! derivative : 

(V) —> PhC(:C,N,)*CH,"CO,Me + CO + HCl 


In the hands of these authors the half-ester chloride of as-dimethylsuccinic acid, ClICO-CMe,-CH,*CO,Me, 
afforded 8-benzoyl-x«-dimethylpropionic acid (III; R= Me). By the use of the more carefully controlled 
conditions described in the experimental portion of this paper, however, 8-phenylisovaleric acid, 
PhCMe,°CH,°CO,H 
has been isolated, the expected loss of carbon monoxide taking place during the reaction. The foregoing 
considerations taken with the close analogy between the gem-dimethyl and the cyclopentane groups (Vogel, 
J., 1928, 2014) again suggests that (III; R, = :C,H,) and not (IV) is the substance obtained from cyclopentane- 
l-carboxylic-l-acetic anhydride. 
The matter has now been put beyond doubt by refluxing the product with acetyl chloride when y-phenyl- 
aa-tetramethylene-A®-butenolactone, i.e., the lactone of cyclopentane-1-(«-hydroxystyryl)-1-carboxylic acid (VI; 
HC=CPh R, = ‘C,H,) is obtained analogously to the formation of y-phenyl-c«-dimethyl-A’-buteno- 
\ lactone (VI; R= Me) from 6-benzoyl-xa-dimethylpropionic acid (Rothstein and Saboor, 
a O loc. cit.). 
\co% It is impossible to formulate the formation of an unsaturated lactone from the alternative 
(VI structure (IV). 
‘ In Rothstein and Saboor’s paper reasons were stated for rejecting the views of Haworth 
(J., 1932, 1125) and of Desai and Wali (Proc. Indian Acad. Sci., 1937, 6a, 135) on the mechanism of the orient- 
ation of the phenyl group. A further point may now be considered. It is an essential part of these authors’ 
formulation that the addition of benzene to the anhydride involves the «-carbonyl group with formation of 
the hydroxy-lactone (VII) which by a tautomeric change affords the ketone (VIII) : 


sh >C—C(OH)Ph >C—COPh 
— _—_ 
»>© > 
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O >C—CO,H 
(VII.) (VIII.) 
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It would appear unlikely, however, that (VII) could be formed without its undergoing further condensation 
yielding a lactone of a phthalide type. Furthermore, it does not appear that the activating influence of 
2-substituent groups on the carbonyl groups is a major factor in the orientation of the final product because 
ketonic groups do not generally undergo the Friedel-Crafts reaction; although they form addition complexes 
with aluminium chloride, a further molecule of the latter is needed before an acid anhydride will furnish the 
ketonic acid. 

An alternative explanation is that the anhydride forms the complex through the ring oxygen and this 
results in the ionisation of the «-hydrogen atoms : 


ArH 
ay CICO-CHyCHR-CO, AIC], —G> ArCO-CHy'CHR-CO, AICI, —> Ar-CO-CHR-CHyCO,H 
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The formation of the complex A leads to the partial ionisation of the hydrogen atoms; a chlorine atom, 
separating as an anion, attaches itself to any available positive centre and results in the formation of th, 
open-chain compounds B and B’. These in turn react with the aromatic hydrocarbon and more aluminiyp 
chloride producing the two isomeric ketonic acids. The chlorine ion attaches itself to the carbon with th 
greater number of ionisable hydrogen atoms, i.e., C rather than C’ tends to be favoured. Solvents of high 
ionising power will also, therefore, increase the proportion of C. This is actually observed when phenylsuccinie 
anhydride is condensed in nitrobenzene solution (Desai and Wali, Joc. cit.). Itis evident that for asymmetri 
disubstituted succinic anhydrides only one isomer should be formed, namely the $-aroyl-a«-disubstitute 
propionic acid. 

The complex A has been isolated in the case of as-dimethylsuccinic anhydride by adding aluminium chloride 
to the anhydride dissolved in ligroin and distilling the mixture. The residue, on treatment with benzene, 
yielded 6-benzoyl-««-dimethylpropionic acid; when it was warmed with methanol, the methyl hydrogen ester, 
CO,Me-CH,’CMe,’CO,H, was isolated, corresponding to the formation of the aluminium chloride complex, 
CICO-CH,°CMe,°CO, AICl,, and thus affording evidence of the structure of the latter. 

As mentioned above, the higher alkylated succinic anhydrides give entirely different products with elimin. 
ation of carbon monoxide. Some explanation of this has already been given by Rothstein and Saboor (log. 
cit.). A number of unsolved problems remain, however, and the work is being continued. 


EXPERIMENTAL. 


Lactone of cycloPentane-1-(a-hydroxystyryl)-1-carboxylic Acid (VI; R, = :C,H,).—The anhydride of 1-carboxy. 
cyclopentane-l-acetic acid (10 g.) (Bardhan, /., 1928, 2599) was dissolved in benzene (65 g.) and treated with anhydrous 
aluminium chloride (23 g.) and the keto acid formed was separated and recrystallised from ethyl acetate. The acid 
(5 g.) was gently refluxed with excess acetyl chloride and, after removal of the solvent, the fragrant residue solidified on 
standing over potassium hydroxide in an evacuated desiccator. It crystallised from ligroin in plates having m. p. 50— 
51° (Found: C, 78-4; H, 6-5. C,,H,,O, requires C, 78-5; H, 6-5%). 

Reaction between the acid chloride of methyl 1-carboxycyclopentane-1-acetic acid and benzene. The acid chloride (10g) 





was dissolved in benzene (70 g.) and pulverised aluminium chloride (25 g.) was added gradually with cooling and shaking, 
After being at room temperature for a few hours, the mixture,was warmed and finally refluxed for an hour on a water- 
bath. It was decomposed with water at 0°, acidified with dilute hydrochloride acid and extracted with ether. The 
ether extract was washed with water, dried and the ether distilled away. The residue was fractionally distilled unde 
reduced pressure, two fractions being obtained : (1) having b. p. 125°/11 mm. (11 g.) was methyl 1-phenylcyclopentane-l- 
acetate (Found: C, 76-8; H, 8-5. Calc. for C\gH,,0,: C, 77-4; H, 83%); (2) having b. p. 190°/11 mm. was 1-benazoyl 
cyclopentane-l-acetic acid (Found: C, 73-4; H, 7-2. Calc. for C,;H,,O,; “C, 73-2; H, 7°3%). A semicarbazone or 
2 : 4-dinitrophenylhydrazone could not be prepared from the latter compound. Hydrolysis of these esters by alcoholic 
potash gave, respectively, 1-phenylcyclopentane-l-acetic acid in shining prisms from ethyl acetate, m. p. 120° (Found: 
C, 76:3; H, 7-9. Calc. for C,;H,,O, : C, 76:5; H, 7-8%) and 1-benzoylcyclopentane-1-acetic acid in plates from rectified 
spirit, m. p. 161° (Found: C, 72-1; H, 7-1. Calc. for C,,H,,O, “ C, 72-4; H, 6-9%). 

Reaction between as.-dimethylsuccinic anhydride and aluminium chloride in presence of ligroin. The anhydride (17g) 
was dissolved in ligroin (b. p. 60—80°; 100 c.c.) and powdered aluminium chloride (40 g.) was added with cooling and 
shaking. The mixture was warmed and refluxed on the water-bath for 15 minutes. The ligroin was distilled away. 
Attempts to obtain the residual aluminium complex in pure state were unsuccessful. The aluminium complex was 
treated with benzene (72 g.) and warmed on a water-bath for two hours and the product separated and crystallised as 
usual. There were evidences of the formation of other compounds besides £-benzoyl-aa-dimethylpropionic acid. But 
the larger quantity, on repeated crystallisation, had m. p. 173°, the same as that of the acid obtained by the direct action 
of benzene on the anhydride under the conditions of the Friedel-Crafts reaction (Found: C, 69-8; H, 6°7. Calc. for 
C,.H,,0; : C; 69-9; H, 68%). 

Action of absolute methanol on the aluminium complex formed by the action of aluminium chloride on as.-dimethylsuccinic 
anhydride. as-Dimethylsuccinic anhydride (18 g.) was treated with aluminium chloride (40 g.) in ligroin (b. p. 60—80°; 
68 g.) and finally heated on the water-bath till a homogeneous dark-coloured liquid was obtained. Excess of ligroin 
was distilled away under reduced pressure, the residue treated with absolute methanol (15 g.) and refluxed for about 2 
hours; excess alcohol was distilled away and the residue decomposed with water at 0°, acidified and extracted with 
ether. The ether extract was dried and the ether distilled away; the residual oil solidified when kept under reduced 
pressure. It was crystallised twice from ligroin. It was\methyl hydrogen as-dimethylsuccinate (f-form), m. p. 51°. 

B-Phenylisovaleric acid. The half ester prepared by gently refluxing as-dimethylsuccinic anhydride and sodium 
methoxide in equivalent proportions was treated with slight excess of thionyl chloride. Excess of thionyl chloride was 
distilled away. Benzene (7 g. for each 2 g. of the anhydride) was added. Aluminium chloride (4 g. for each 2 g. of the 
anhydride) was next gradually added with cooling and shaking. The mixture was kept at room temperature and then 
refluxed on a water-bath for an hour. The issuing gas was chiefly carbon monoxide. The product was decomposed 
by water at 0° and acidified with hydrochloric acid. It was then extracted with ether; the ether extract was washed 
with dilute sodium carbonate solution and water and dried. The ether was distilled away at the ordinary pressure and 
the residue collected at 122°/10 mm. This was refluxed with alcoholic potash for 9 hours. After acidification an oil, 
which solidified on cooling, slowly precipitated. It was separated, pressed on porous plate and crystallised from ligroin 
(b. p. 60—80°) giving colourless prisms, m. p. 59°. This was the acid prepared by Hoffman (J. Amer. Chem. Soc., 
1929, 51, 2545) in a different way (Found: C, 74-4; H, 8-1. Calc. for C,,H,,0,: C, 74-2; H, 7-9%). 

Reaction between as.-dimethylsuccinic anhydride and benzene. Experiments, using widely different conditions, carried 
out with the object of obtaining the B-isomeride were unsuccessful. Employment of rigorous conditions increased the 
amount of tar and decreased the yield of the a-isomer already reportea (J., 1943, 428). The reaction, finally carried out 
as described by Rothstein and Saboor (J., 1943, 428), consisted in adding pulverised aluminium chloride (72 g.) toa 
solution of the anhydride (34 g.) in benzene (70 g.) and nitrobenzene (70 g.) with cooling and shaking. The mixture 
was allowed to stand at the room temperature for two hours then gently warmed and, finally, heated on the water-bath 
for an hour. It was decomposed by water at 0°, acidified with hydrochloric acid and extracted with ether. The ether 
extract was dried and the ether distilled away at ordinary pressure and the nitrobenzene removed under reduced pressure. 
The residue was steam distilled until free from oily material. It was treated with aqueous sodium hydroxide till alkaline, 
filtered, and the filtrate concentrated to a small volume and acidified. The precipitate was dried and crystallised frac- 
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tionally from ethyl acetate. All the fractions had m. p. 173° and were £-benzoyl-aa-dimethylpropionic acid. The yield 
was 47 g., 90% of the theoretical amount. 

p-Benzoyl-a-phenylpropionic acid and B-benzoyl-B-phenylpropionic acid. Phenylsuccinic anhydride was prepared 
according to the method of Lapworth and McRae (/., 1922, 2741). It was converted into the anhydride by refluxing 
with acetic anhydride. The anhydride (18 g.) was dissolved in benzene (78 g.). Powdered aluminium chloride (30 g.) 
was gradually added to the mixture with shaking and cooling. After standing for some hours at room temperature, 
the mixture was warmed and finally heated on the water-bath for two hours. The dark-coloured product was decom- 

d by being poured into water at 0° and acidification with hydrochloric acid. It was extracted with ether and the 
ether extract dried and the ether removed. The sodium carbonate extract of the residual oil was acidified and the crude 
acids (17 g.) separated. This mixture was fractionally crystallised from benzene-alcohol. The first fraction, m. p. 
169°, was the f-acid. The other fractions melted indefinitely from 140°, These, on further crystallisation, gave B-benzoyl- 
a-phenylpropionic acid, m. p. 154°. 
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244. Sulphur Derivatives of Thiazoles. 
By E. M. Grsss and F. A. RoBINnson. 


A number of thiazole derivatives were prepared and tested for antibacterial activity. Five thiolthiazoles 
and two thiazole disulphides were found to be markedly active, whereas monosulphides, sulphones, and sulphonic 
acids were inactive. 


Tue antibacterial properties of sulphanilamide and pantoyl taurine are attributed to their antagonistic action 
towards the two growth factors, p-aminobenzoic acid and pantothenic acid respectively (Woods, Brit. J. 
Exp. Path., 1940, 21, 74; Barnett and Robinson, Biochem. J., 1942, 36, 364; McIlwain, ibid., p.417). In the 
course of attempts to prepare antagonists towards aneurine, it was observed that certain sulphur derivatives 
of thiazole inhibited the growth of bacteria, and a survey of other derivatives of thiazole was undertaken to 
determine the nature of the groups responsible for this activity. The antibacterial properties of the active 
compounds were shown not to be due to an antagonistic effect towards aneurine, for addition of aneurine to 
the culture media did not reverse the inhibitory action of the compounds. 

Thiol derivatives of thiazole have been prepared previously by Miolati (Gazzetta, 1893, 23, 575), Levi (ibid., 
1931, 61, 719) and Buchman, Reims, and Sargent (J. Org. Chem., 1941, 6, 764) by the action of ammonium 
dithiocarbamate on halogenated ketones. Thiolbenzthiazoles have also been prepared by the action of thiourea 
on halogenated thiazoles (Scott and Watt, J. Org. Chem., 1937, 2, 148, and Watt, ibid., 1939, 4, 436). Sulphides 
can also be prepared by this reaction or by the action of potassium hydrosulphide on halogenated thiazoles. 
A better method of preparing sulphides, due to Ochiai and Takubo (J. Pharm. Soc. Japan, 1941, 61, 1), is by 
the interaction of a halogenated thiazole with a thiolthiazole. Disulphides have been prepared from the 
corresponding thiol compounds by oxidation with persulphates, permanganates, hydrogen peroxide, hypo- 
chlorites, perchlorates, nitric acid or iodine (U.S.P. 1,880,421, 2,024,567, 2,024,575, 2,043,949 and 2,196,607; 
Buchman, Reims, and Sargent, Joc. cit.). Sulphones and sulphonic acids are also prepared by oxidation of 
monosulphides, using stronger oxidising agents, such as acid permanganate or chromium trioxide. Sulphonic 
acids, however, are best prepared by sulphonation of the appropriate thiazole with fuming sulphuric acid 
(Ochiai, J. Pharm. Soc. Japan, 1938, 58, 1040; Nagasawa, ibid, 1940, 60, 433; Ochiai and Nagasawa, Ber., 
1939, 72, 1470). 

Most of the compounds described in the experimental section were tested in a synthetic medium and in 
glucose broth against Streptococcus hemolyticus, Staphylococcus aureus and B. coli. None of the compounds 
had any appreciable action against B. coli, but 2-thiol-4-methylthiazole, 2-thiol-5-(8-hydroxyethyl)-4-methyl- 
thiazole, 2-thiol-5-(f-acetoxyethyl)-4-methylthiazole, and 5-(8-thiolethyl)-4-methylthiazole inhibited the growth 
of Streptococcus and Staphylococcus at a dilution of 1 in 100,000 in the synthetic medium and at a somewhat 
higher concentration in glucose broth. 2-Amino-5-thiol-4-methylthiazole hydrochloride was even more 
potent, as was bis-(4-methyl-2-thiazole) disulphide, but the other disulphide tested, bis-[5-(8-acetoxyethyl)-4- 
methyl-2-thiazole disulphide, was less active. The only sulphide which showed appreciable, but low, activity 
was bis-(2-amino-4-methyl-5-thiazole) sulphide. The other sulphides, the sulphones and the sulphonic acids 
were inactive, as were the compounds in which the thiol group of the active 2-thiol-5-(8-hydroxyethyl)-4- 
methylthiazole was replaced by a hydroxy, amino, methyl or chloro group. It is evident therefore that the 
antibacterial activity of this group of compounds resides in the thiol or the disulphide group; the latter is 
probably converted into the thiol group in vivo. The lack of activity in the sulphones, particularly in bis- 
(2-acetamido-4-methyl-5-thiazole) sulphone was unexpected, since the closely analogous 4 : 4’-diaminodiphenyl 
sulphone and its derivatives have been shown to possess valuable antibacterial propertles (Buttle, Stephenson, 
Smith, Dewing, and Foster, Lancet, 1937, 1, 1331; Fourneau, Tréfouel, Nitti, Bovet, and Tréfouel, Compt. 
tend., 1937, 204, 1763). Recently, however, Bambas (J. Amer. Chem. Soc., 1945, 67, 668) prepared a number 
of analogues of 4: 4’-diaminodiphenyl sulphone in which (a) one of the benzene nuclei was replaced by a 
heterocyclic nucleus and (b) both benzene nuclei were replaced by heterocyclic nuclei. Only compounds of 
the first group were active and these were less potent than 4 : 4’-diaminodiphenyl sulphone. 
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EXPERIMENTAL. 
(Analyses are by Drs. Weiler and Strauss, Oxford; all m. p.’s are uncorrected.) 
2-Thiol-4-methylthiazole, m. p. 88°, was prepared from ammonium dithiocarbamate and monochloroacetone by 


Levi's modification (loc. cit.) of Miolati’s method (loc. cit.). 

2-T hiol-5-(B-acetoxyethyl)-4-methylthiazole—Ammonium dithiocarbamate (28 g.) was suspended in dry ether (29 
c.c.) and y-aceto-y-bromopropyl acetate (25 g.) added. The reaction mixture was cooled and left for 50 hours at room 
temperature. The ethereal extract was decanted and the residue extracted several times with ether, once with eth 
acetate, and finally with water. The residue was crystallised twice from ethyl alcohol to give 2-thiol-5-(B-acetoxyethyl). 
4-methylthiazole in the form of glistening white platelets, m. p. 102° (Found: C, 44:5; H, 464; N, 6-65; S, 30-1, 
C,H,,0,NS, requires C, 44-2; H, 5-07; N, 6-45; S, 295%). This compound was prepared, but not described, by 
Gravin (J. App. Chem. U.S.S.R., 1943, 16, 105) using a different method. 

2-T hiol-5-(B-hydroxyethyl)-4-methylthiazole—Ammonium dithiocarbamate (60 g.) was added to a solution of y-aceto. 
y-bromopropy!] alcohol (50 g.) in dry ether. After five days the ether was decanted, and the residue extracted twice 
with ether and once with ethyl acetate. The residue was stirred with water (80 c.c.), and the aqueous solution extracted 
with ether and then with ethyl acetate. The combined extracts on evaporation yielded 2-thiol-5-(B-hydvoxyethyl)-4. 
methylthiazole which was crystallised three times from alcohol, forming small white prisms, m. p. 157° (Found: C, 41-1; 
H, 5-16; N, 833; S, 37:4. CgH,ONS, requires C, 41-1; H, 5-14; N, 8-0; S, 366%). 

Bis-(4-methyl-2-thiazole) sulphide was prepared from 2-chloro-4-methylthiazole and 2-thiol-4-methylthiazole by 
refluxing in CS, in presence of NH,Cl, a method used by Ochiai and Takubo (loc. cit.), who obtained the compound as 
an oil, b. p. 134—135°/1 mm. The product, now obtained, solidified and was recrystallised from aqueous ethanol, 
forming white needles, m. p. 190°. It yielded a picrate, m. p. 136°, identical with that obtained by Ochiai and Takubo, 
The sulphide was also prepared by the following method. 2-Bromo-4-methylthiazole (3 g.) was added to an alcoholic 
solution (100 c.c.) of KOH (2 g.) saturated with H,S. The mixture was left for 14 hours with H,S passing through it 
and then allowed to stand for 2 days and heated at 55° for 2hours. The mixture was neutralised with a little 2n-H,S0, 
and evaporated to dryness. The residue was stirred with water, collected and recrystallised from aqueus ethanol. It 
yielded white needles, m. p. 190°. 

Bis-[5-(B-acetoxyethyl)-4-methyl-2-thiazole| Sulphide.—2-Hydroxy-5-(B-acetoxyethyl)-4-methylthiazole was prepared 
by the method of Andersag and Westphal (Ber., 1937, 70, 2035) by the action of Ba(SCN), on.y-chloro-y-acetylpropyl 
acetate; it had m. p. 85—86° (Found: C, 47-9; H, 5-40; N, 7-14; S, 16-1. Calc. for CgH,,O,NS: C, 47-8; H, 5-47;" 
N, 6-97; S, 15-9%). It was converted into 2-chloro-5-(8-acetoxyethyl)-4-methylthiazole by refluxing with P 
the method used by Andersag and Westphal (Found: Cl, 16-4. Calc. for CsH,0,NSC1: Cl, 16-2%). 2-Chloro-5-(f-4 
acetoxyethyl)-4-methylthiazole was also prepared from y-thiocyano-y-acetylpropyl acetate, obtained by the action of 
NaCNS on y-chloro-y-acetylpropylacetate. This compound (246 g.) was saturated at 0° with dry HCl (54 g.) for a period 
of 5 hours, and then left overnight. The product was neutralised and steam-distilled. The distillate was saturated 
with salt and extracted with ether, and the extract distilled, the fraction (55 g.), b. p. 101—112°/1 mm., being collected 
(Found: Cl, 17-8%). 

A mixture of 2-chloro-5-(f-acetoxyethyl)-4-methylthiazole (25 g.), 2-thiol-5-(B-acetoxyethyl)-4-methylthiazole 
(25 g.), NH,Cl (25 g.) and CS, (250 c.c.) was treated according to the method of Ochiai and Takubo (Joc. cit.). The result- 
ing bis-[5-(B-acetoxyethyl)-4-methyl-2-thiazole] sulphide, a yellow oil, had b. p. 230—240°/0-5 mm., but underwent light 
decomposition on distillation (Found: C, 47:2; H, 5-6; N, 6-8; S, 24:3. C,H ,O,N,S, requires C, 48-0; H, 54; 
N, 7:0; S, 24-0%). . 

2 Hydvosy-6'1p-hydronyethyl)-4-methylthiasole.—2-Hydroxy-5-(8-acetoxyethyl)-4-methylthiazole (2 g.) was heated 
for 1 hour in a boiling water-bath with 2nN-H,SO, (20 c.c.), and the solution neutralised with NaOH and extracted with 
ether.. The residue, left on evaporation of the ethereal extract, was crystallised from ether, forming pale buff prisms, 
> 2 135—136° (Found: C, 45-4; H, 6-15; N, 8-55; S, 19-4. C,H,O,NS requires C, 45:3; H, 5-65; N, 8°80; 

, 201%). 

2-A 10). 0b-(B-hyrdvonyethyl)-4-methylthiazole hydrochloride and picrate. These were prepared by the method of Basu 
and Das Gupta (J. Ind. Chem. Soc., 1938, 15, 160) from y-chloro-y-acetylpropyl alcohol and thiourea. The hydrochloride 
had m. p. 154° and the picrate m. p. 210°. Todd e¢ al. (J., 1936, 1601) did not purify the hydrochloride, whilst Basu 
and Das Gupta record m. p. 138° for the hydrochloride, and Jensen and Thorsteinsson (Dansk. Tidsskr. Farm., 1941, 
15, 41) give m. p. 150° (Found for the hydrochloride: C, 37-3; H, 5-92; N, 14-1; Cl, 18-6; S, 16-6. Calc. forC,H,,ON,CIS: 
C, 37-0; H, 5-66; N, 14-4; Cl, 183; S, 16-5%). 

5-(B-Hydroxyethyl)-2 : 4-dimethylthiazole was prepared from thioacetamide and y-bromo-y-acetylpropyl alcohol 
according to the method of Pesina (J. Gen. Chem. U.S.S.R., 1939, 9, 804). It was an oil, b. p. 130—135°/6 mm. 

Bis-(4-methyl-2-thiazole) disulphide. 2-Thiol-4-methylthiazole (1-3 g.) was dissolved in NaOH solution (15%, 3% 
c.c.) and iodine (2-4 g.) added with shaking over a period of 30 minutes. The resulting oil was taken up in ether, and 
the extract washed with dilute alkali and water. e solid, left on evaporation of the ether, was recrystallised from 
alcohol, forming yellow prisms, m. p. 65° (Found: C, 37-0; H, 3-56; N, 10-3; S, 49-2. Calc. for CgH,N,S,: C, 36-9; 
H, 3-08; N, 10-7; S,49-2%). Buchman, Reims, and Sargent (/oc. cit.) prepared this compound by oxidation with H,0;; 
they record m. p. 61—61-5°. 

Bis-[5-(B-acetoxyethyl)-4-methyl-2-thiazole] Disulphide.—2-Thiol-5-(B-acetoxyethyl)-4-methylthiazole (4:1 g.) was 
dissolved in warm dilute NaOH solution (30 c.c.) and a warm aqueous solution (25 c.c.) of potassium persulphate (27 
g.) added with shaking. After 1 hour, the mixture was extracted with ether, the extract washed with alkali and water 
= evaporated. A yellow syrup, which did not crystallise, remained (Found: S, 30-2. CygH gO,N,S, requires 5, 

9-7%). ? [wees 

Bis-(4-methyl-2-thiazole) sulphone. Bis-(4-methyl-2-thiazole) sulphide (5-7 g.) was dissolved in glacial acetic acid | 
(50 c.c.), and KMn0O, solution (3%, 160 c.c.) added slowly with cooling. Water (100 c.c.) was added, and SO, passed 
in until the solution became colourless. The deposited solid was separated and crystallised from methanol, forming’ 


white prisms (2-7 g.), m. p. 124—-125°. Ochiai and Takubo (Joc. cit.) prepared the compound by oxidation of the sulphide 
with H. 


2 . 
Bis-[5-(B-acetoxyethyl)-4-methyl-2-thiazole] Sulphone.—Bis-[5-(f8-acetoxyethyl)-4-methyl-2-thiazole] sulphide (5-8 g.) 
was dissolved in glacial acetic acid (30 c.c.), and 3% KMn0, solution (90 c.c.) added slowly with cooling. The solution 
was decolorised with SO, and worked up as described above. The solid product was recrystallised from alcohol, forming 
ae -—“~ m. p. 104—105° (Found: C, 44-4; H, 5:7; N, 6-7; S, 22-4. C,H O,N,S, requires: C, 44-4; H, 46; 
» 65; S, 22-3%). i ae 

5-(B-A cetox: )-t-mneidiylthdasele-8-eusphonte Acid.—Crude 5- (p-acetoxyethyl).4-methylthiazole (10 g.), prepared 
by the method of Buchman (J. Amer. Chem. Soc., 1936, 58, 1803), was heated for 9 hours on a boiling water bath with 
acetic anhydride (30 c.c.) and conc. H,SO, (10 g.). The mixture was cooled, ether (100 c.c.) added, and the ethereal 
solution decanted from the resulting oily layer. The latter was stirred with water (50 c.c.) and barium carbonaté (20 
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g.) and filtered after standing overnight. The filtrate was diluted to 200 c.c., and dilute sulphuric acid, equivalent to 
the barium content, added and the mixture filtered. The filtrate was evaporated, left to crystallise and the product 
recrystallised from water. It formed glistening white platelets, m. p. 242° (Found: C, 35-7; H, 4:15; N, 5°15; S, 24-0.) 
C,H,,0;NS, requires C, 36-2; H, 4:15; N, 5-28; S, 24-1%). 3 
2-A mino-5-thiol-4-methylthiazole Hydrochloride and Bis-(2-amino-4-methyl-5-thiazole) Sulphide.—(i) 2-Amino-4- 
methylthiazole, prepared from monochloroacetone and thiourea, was brominated as described by Ochiai and Nagasawa 
(loc. cit.). The resulting crude 5-bromo-2-amino-4-methylthiazole (57 g.) was dissolved in a solution of KSH, made 
by saturating a solution of KOH (34 g.) in methanol (640 c.c.) with HS. The reaction mixture was left for 14 hours 
with H,S passing through it and was then allowed to stand ov_rnight. It was boiled for 1 hour under reflux and the 
methanol removed by distillation. The residue was stirred with water and filtered from crude bis-(2-amino-4-methyl- 
§-thiazole) sulphide (23 g.), which was recrystallised from aqueous alcohol, forming pale-yellow prisms, m. p. 190° (see 
below). The filtrate was neutralised and extracted with ether, and the ether extract distilled. The residue was acidified 
to Congo red with dilute HCl and cooled to 0°, and the crude 2-amino-5-thiol-4-methylthiazole hydrochloride (7 g.) filtered 
off and recrystallised from dilute HCl. It formed pale yellow needles, m. p. 200°, and was highly sternutatory (Found : 
C, 26-9; H, 3°65; N, 15:2; S, 34-5; Cl, 19-2. C,H,N,S,Cl requires-C, 26-3; H, 3-84; N, 15-34; S, 35-1; Cl, 194%). 
(ii) 5-Bromo-2-amino-4-methylthiazole (18 g:) was added to a solution of thiourea (7-2 g.) in ethanol (65 c.c.) and 
left for 3 days at room temperature with occasional shaking. The crude bis-(2-amino-4-methyl-5-thiazole) sulphide 
(8 g.) was separated and recrystallised from aqueous alcohol, m. p. 190° (Found: C, 37-5; H, 4-4; N, 21-3; S, 37-0. 
C,Hy)N,S, requires C, 37-2; H, 3-9; N, 21:7; S, 37-2%). It yielded a crystalline diacetyl compound, m. p. 360°. 
The filtrate, on being worked up as in (i), yielded 2-amino-5-thiol-4-methylthiazole hydrochloride (5 g.) (see above). A 
small quantity of a crystalline picrate, m. p. 225° decomp., was also obtained from the mother liquors. This appeared 
to be the 2-amino-5-hydroxy-4-methylthiazole picrate (Found : C, 36-0; H, 3-07; N, 18-6; S, 9-95. C,H,O,N,S requires : 
C, 33-4; H, 2-50; N, 19-4; S, 8-92%). . * @§.2 
Bis-(2-acetamido-4-methyl-5-thiazole) Sulphone.—Bis-(2-amino-4-methyl-5-thiazole) sulphide (14:5 g.) was refluxed 
for 30 minutes with 75 c.c. of acetic anhydride. The product was poured into water, and the bis-(2-acetamido-4-methyl- 
5-thiazole) sulphide separated. It was crystallised from hot acetic acid, forming pale yellow needles, m. p. 360° (decomp.) 
(Found: C, 42-2; H, 4-36; N, 16-25; S, 27-6. C,,H,,0O,N,S, requires: C, 42-1; H, 4-1; N, 16-4; 5, 28:1%). Toa, 
suspension of this compound (9 g.) in glacial acetie-aeid (150 c:c.) was added powdered chromium trioxide (9 g.) over a 
period of 30 minutes, the temperature being kept below 20°. After 1 hour, the solution was heated to boiling point 
and then left overnight. Unchanged sulphide was separated and the filtrate diluted with 3 to 4 volumes of water. On 
cooling to 0°, small colourless prismatic crystals of bis-(2-acetamdio-4-methyl-5-thiazole) sulphone separated, m. p. 325° 
(decomp.) (Found: C, 39-2; H, 4-0; N, 15-6; S, 25°7. C,,.H,,0,N,S, requires: C, 38-5; H, 3-7; N, 15-0; S, 25°7%). 
All attempts to convert this compound into the amino compdurtd ‘were unsuccessful. Oxidation of bis-(2-acetamido- 
4-methyl-5-thiazole) sulphide (1 g.) with nitric acid (48%, 2-5 c.c.) yielded 5-mitro-2-acetamido-4-methylthiazole, which 
was recrystallised from alcohol, forming bright yellow needles, m. p. 227° (decomp.) (Found: C, 36:5; H, 3°73; N, 
20-2; S, 16-2. C,H,O,N;,S requires C, 35-8; H, 3-48; N, 20-9; S, 15-9%). ar 
2-Amino-4-methylthiazole-5-sulphonic acid, m. p. 350°, was prepared by the action of fuming H,SO, on 2-amino- 
4-methylthiazole; Ochiai and Nagasawa (loc. cit.) record m. p. 340° (decomp.). Attempts to convert it to the acid 
chloride and amide were unsuccessful. The preparation of 2-amino-4-methylthiazole-5-sulphonamide was recently 
described by Backer and de Jonge (Rec. trav. chim., 1943, 62, 163). It was without antibacterial activity. 
5-(8-Thiolethyl)-4-methylthtazole.—5-(B-Bromoethy])-4-methylthiazole (4 g.), obtained by the action of thioformamide 
on 1 : 3-dibromo-2-pentanone (Delaby, Compt. rend., 1923, 176, 1153), was added to an alcoholic solution (20 c.c.) of 
KOH (2 g.), saturated with H,S, and H,S passed into the mixture for 1 hour. The reaction mixture was heated at 50° 
for 2 hours, and the alcohol removed by distillation. Water was added to the residue, neutralised with dilute acid and 
extracted with ether. The oil, remaining after removal of the ether, was fractionally distilled, the fraction boiling at 
75°/0-5 mm. being collected. This pale yellow oil did not crystallise; it possessed an unpleasant odour (Found: S, 
40-8. C,H,NS, requires S, 40-2%). 


Giaxo LaBoratTories Ltp., GREENFORD, MIDDLESEX. [Received, September 26th, 1945.] 





NOTES. 


Some Pyridine and Quinoline Derivatives. By VLApImMIR'A. PETROW. 


Tue following miscellaneous experiments were carried out with the object of preparing naphthyridine derivatives. 
They were completed prior to the publication of Kermack and Weatherhead (J., 1942, 726). 

(a) 4-Anilinopyridine Derivatives.—4-Chloropyridine (25 g.) and aniline (21 g.) were heated under reflux on a water- 
bath. Vigorous reaction occurred after ca. 15 minutes. After 1 hour, the crystalline product was dissolved in water, 
ammonia added in excess, the product collected, dried and extracted with hot benzene (700 ml.). The insoluble fraction 
gave 4-anilinopyridine hydrochloride (6-5 g.), flat needles from alcohol-ligroin, m. p. 227—228° (Found: C, 64-6; H, 
5-4; N, 143; Cl, 17-3. C,,H,,N,Cl requires C, 64-0; H, 5-3; N, 13-6; Cl, 17-3%). The benzene extract on concen- 
tration gave 4-anilinopyridine, m. p. 175—176° (22-5 g.) (Kermack and Weatherhead, Joc. cit., give m. p. 173°). A 
solution of the base in conc. sulphuric acid gave an intense violet colouration with a trace of potassium nitrate 
and an immediate reddish-purple colouration with potassium dichromate. Neither the acetyl derivative, flat plates 
from alcohol-ligroin, m. p. 112—113° (Found: C, 73-6; H, 5-6; N, 13-1. C,sH,,ON, requires C, 73-7; H, 5-7; N, 
13-2%), nor the benzoyl derivative, prismatic needles from benzene-ligroin, m. p. 166—167° (Found: C, 78:8; H, 
5-1; N, 10-2. C,,H,,ON, requires C, 78-9; H, 5-0; N, 10-4%), underwent cyclisation when heated with anhydrous 
zinc chloride at 300° for 3 hours. 

(b) N-(4’-Pyridyl)-anthranilic Acid.—Anthranilic acid (6-8 g.) in glacial acetic acid (20 ml.) was treated with 4-chloro- 
pyridine (5-7 g.) under reflux for 3 hours. When cold, the product was collected and crystallised from acetic acid con- 
taining a few drops of conc. hydrochloric acid. N-(4’-Pyridyl)-anthranilic acid hydrochloride formed stout needles, 
m. p. 282—283° (Found: Cl, 14:2. Calc. for C,,H,,O,N,,HCi: Cl, 14-2%) (Kermack and Weatherhead, Joc. cit., give 
m. p. 185°). The free acid, obtained by treating the hydrochloride (1-0 g.) in dilute alcohol with crystalline sodium 
acetate (600 mg.), formed needles from aq. alcohol, m. p. 283—284° (Found: C, 66°8; H, 4:7; N, 12-9. Cj gH »O,N, 


_ Tequires C, 67-3; H, 4-7; N, 13-1%). Attempts to effect ring closure were unsuccessful. 
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(c) 4-Anilinolutidinecarboxylic acid (Michaelis, Annalen, 1909, 366, 348) could not be cyclised. 
(d) 2-Chloro-5-nitropyridine (3-2 g.) and anthranilic acid (2-8 g.) were heated in glacial acetic acid (25 ml.) for 3 
hours and the cooled solution poured into dilute sodium acetate solution. The product, crystallised from alcohol, formed 
gélden-yellow plates, m. p. 197-5—198-5° (Found: C, 59-9; H, 2-9; N, 17-2. C,,H,O,N, requires C, 59-8; H, 2-9: 
N, 17-4%). The compound was soluble in aqueous alkalis and was reprecipitated unchanged by acids; it was unchanged 
on being heated with phosphorus oxychloride. Although condensations of this type were originally thought to give 
rise to l-aza-acridones (Reissert, Ber., 1895, 28, 119; cf. also Rath, Annalen, 1931, 486, 284), there is little doubt that 
the products are actually’ derivatives of 2 : 3-dihydrobenz-4-quinazolone (Seide, Annalen, 1924, 440, 314). The pro- 
perties of the compound obtained from 2-chioro-5-nitropyridine (above) are consistent with its formulation as a nitro- 
benz-2 : 3-dihydro-4-quinazolone. 

(e) N-(3’-Pyridyl)-anthranilic acid, m. p. 237—-238°, was prepared by heating anthranilic acid (4 g.), 3-bromo- 
pyridine (6-4 g.), anhydrous potassium carbonate (4 g.), copper bronze (200 mg.) and nitrobenzene (24 ml.) for 3 hours 
under reflux (Found: C, 67-0; H, 4:6. Calc. for C,,H,,O,.N,: C, 67°3; H, 46%) (Kermack and Weatherhead, loc, 
cit., give m. p. 238°). 

(f) N-(3’-Quinolyl)-anthranilic acid was prepared by heating anthranilic acid (4 g.), 3-bromoquinoline (8-2 g.), anhydrous 
potassium carbonate (4 g.), copper bronze (200 mg.) and nitrobenzene (30 ml.) for 45 minutes under reflux. The nitro- 
benzene was removed in steam and the aqueous liquors acidified with acetic acid; the dark green crystalline precipitate 
was crystallised from alcohol in needles, m. p. 251—252° (Found: C, 72-6; H, 4-6; N, 10-8. C,,H,,0O,N, requires 
C, 72-7; H, 4:6; N, 106%). Heating the acid with sulphuric acid at 100° did not lead to ring closure but to the form- 
ation of a bright yellow sulphonic acid. 

(g) When 2-chloro-5-aminopyridine was submitted to the Doebner pyruvic acid synthesis, the diketopyrrolidine 
derivative was obtained as sparingly soluble needles from spirit, m. p. 245—246° (Found : C, 59-9; H, 3-4. Cy9H,,ON,C), 
requires C, 60-6; H, 36%). B.P. 259,973 claims the formation of the naphthyridine derivative under essentially similar 
conditions. . 
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Note on the Purification and Resolution of dl-Adrenaline. By S. PickHoLz. 


BecausE of their high solubility, the common salts of adrenaline are not readily isolated in good yields, although 
sparingly soluble salts might be considered useful for the purification of deteriorated adrenaline, recrystallisation of which 
is not possible, as there is no suitable solvent. 

It has been found that d/-adrenaline hydrogen oxalate is a suitable salt for such a purpose. It is easily prepared, 
stable when exposed to air or to elevated temperatures, and practically insoluble in organic solvents. It is much less 
soluble in water at the ordinary temperatures than other known salts and crystallises from it. The base is easily liberated 
from its salt in the usual way. It has been found that the hydrogen oxalate of /-adrenaline has a much greater solubility 
than that of the corresponding salt of d/-adrenaline in ethanol. 

Although oxalic acid is used in the extraction of neutral /-adrenaline from the suprarenal glands (Abderhalden and 
Bergel, Ber., 1904, 37, 2024), the preparation and properties of the actual salt have not been described, but it is interesting 
to note that the solubility of /-adrenaline in absolute alcohol containing oxalic acid has been suggested as a test for the 
purity of/-adrenaline (P. Lebeau and G. Courtois, ‘‘ Traité de Pharmacie Clinique,’’ Paris, 1938, vol. 2, 448). No refer- 
ence has been made to the different behaviour of the di-base. 

A new method of completing the resolution of adrenaline may be based on the above observation provided that the 
starting material is adrenaline partly resolved in the usual way with tartaric acid (Flacher, Z. physiol. Chem., 1908, 
58, 189). It is unlikely that there is any question of spontaneous resolution (cf., H. Gilman, ‘‘ Organic Chemistry,” 
New York, London, 1943, I, 254). There is a marked difference in the m. p. of the hydrogen oxalates, that of d/-adrenaline 
being 191—192°, and that of /-adrenaline 173—174° (both in sealed tubes). It appears, therefore, that d/-adrenaline 
is not an externally compensated mixture but a racemic compound and should be termed rac.-adrenaline. Similar 
cases, considering the great number of recorded resolutions, are somewhat uncommon (Fischer, Ber., 1892, 25, 1253; 
1894, 27, 3225; Ladenburg, Amnalen, 1888, 247, 8). The case described more recently by Duschinsky (Chem. 
and Ind., 1934, 58, 10) is referred to as one of spontaneous resolution. The above conclusion is in agreement with 
conditions laid down by Ladenburg, (Ber., 1894, 27, 3065) and Walden (Ber., 1896, 29, 1692) in their theoretical 
discussions on the differentiation between racemic compounds and optically inactive mixtures. 

dl-Adrenaline hydrogen oxalate. Finely powdered cryst. oxalic acid (6-5 g.) was dissolved in boiling absolute ethanol 
(30 c.c.) and to the hot solution was added with vigorous shaking d/-adrenaline (9-1 g.). The base dissolved quickly, 
and very soon coarse crystals separated. After standing for some hours at room temperature, the hydrogen oxalate was 
collected, washed with absolute ethafiol and ether and dried at 100° (12-2 g.), m. p. 191—192° (decomp.) (in sealed 
tube) (Found: H,C,0,, 32-7. C,H,,0,N,C,H,O, requires H,C,O,, 32-85%). The salt was practically insoluble in all 
common organic solvents but crystallised from hot 90% ethanol or from conc. solution in water. 

1-Adrenaline hydrogen oxalate. Using the /-base instead of the d/-adrenaline and under the same conditions as above, 
no crystals separated in 72 hours. On seeding with either /- or d/-adrenaline hydrogen oxalate crystallisation began 
and was complete in about 24 hours (yield, 3 g. of /-salt), m. p. 173—174° (decomp.) (in sealed tube). 

Solubilities in water. Il- and dl-Adrenaline hydrogen oxalates (each 1 g.) were dissolved separately in water 
(5 c.c.) by warming. After filtering, the solutions were cooled. dl-Adrenaline hydrogen oxalate (0-85 g.) and the /-salt 
(0-2 g., only after seeding) separated. 

Isolation of the adrenaline from the hydrogen oxalate. The salt was dissolved in water and the base precipitated by a 
slight excess of ammonia. For larger batches of the di-oxalate the following method was employed. The oxalate 
(300 gm.) was dispersed in distilled water (ca. 2 litres) and conc. hydrochloric acid (50—100c.c.) added. A clear solution 
was obtained from which adrenaline is precipitated by ammonia. When the formation of the oxalate followed by the 
purification of the adrenaline was carried out using a discoloured product, its colour and purity were improved. 

Resolution by means of oxalic acid. The hydrogen oxalate of a partly resolved adrenaline was prepared in ethanol 
and left for about 18 hours in a refrigerator. The crystals were separated and the adrenaline liberated as above. The 
alcoholic mother liquors were concentrated under reduced pressure, diluted with water and ammonia added to liberate 
the base. The following results were obtained on six samples, the measurements being made by polarimetry : 
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l-Adrenaline (%) in Adrenaline obtd. (g.) and /-adrenaline content (%). 


Expt. starting material (g.). From crystals. From mother-liquor. 
1 80 (63%) 46 (57%) 30 (77%) 
2 100 (76%) 62 (70%) 30 (94%) 
3 228 (85%) 108 (75%) 110 (95%) 
a 93 (90%) 20 (85%) 63 (96%) 
5 97 (91%) 45 (85%) 49 (97-4%) 
6 110 (95%) 21 (92%) 85 (98%) 


The amount of separation depended not only on the degree of resolution of the starting material but also on the rapidity 
of crystallisation, the duration and degree of cooling and the amount of solvent used. 


The author is indebted to Messrs. Ward, Blenkinsop & Co., Ltd., for permission to publish this work.—DEVELOPMENT 
LABORATORIES, WARD, BLENKINSOP AND Co. Ltp., HALEBANK, WIDNES, Lancs. [Received, August 28th, 1945.] 





The Synthesis of Cardiazole (Pentamethylenetetrazole) by the Action of Hydvazoic Acid on cycloHexanone. By N. B. 
CHAPMAN, H. McComBie and B. C. SAUNDERS. 


—N 
C,H,)>CO + 2N,H —> CH <_N>N +H,O +N, 


DescriPTIoNs of the method of preparation are given in two patent specifications: E.P. 257,418 and E.P. 250,897. 
Both accounts are inexact and incomplete. The two accounts differ chiefly in the proportions of hydrazoic acid and 
cyclohexanone used and in the range of catalysts mentioned. E.P. 257,418 specifies 2-5 mols. of hydrazoic acid to one of 
ketone, but we found that no tetrazole was produced under these conditions. E.P. 250,897 specifies 3-8 mols. of acid 
to one of ketone; we found that this gave good yields of tetrazole provided the other conditions were modified. E.P. 
257,418 mentions only sulphuric acid as catalyst, but with this substance, we obtained only traces of tetrazole. Several 
of the many catalysts mentioned in E.P. 250,897 were tried, e.g., anhydrous ferric chloride, gaseous hydrogen chloride, 
anhydrous zinc chloride, and of these ferric chloride was found to be the best. Scanty details were given of the method 
of isolating and purifying the product. 

The preparation of solutions of hydrazoic acid in organic solvents is described in ‘‘ Inorganic Syntheses,”’ Vol. I, 
p. 78 (due originally to Frost, Cothran and Browne, J. Amer. Chem. Soc., 1933, 55, 3516), by von Braun (Amnalen, 
1931, 490, 125) and by Rodebush et al. (J. Amer. Chem. Soc., 1939, 61, 2809). Von Braun claims theoretical yields of 
hydrazoic acid by the action of concentrated sulphuric acid on sodium azide in the presence of a small quantity 
of water. We have not obtained yields greater than 80% in spite of improvements on von Braun’s technique. We, 
however, used a method of estimation specific for hydrazoic acid, whereas von Braun used simple acid-ailkali titration, 
and would therefore estimate all acid impurities (e.g., H,SO,) as hydrazoic acid. This may account for his high yields. 
We have found it necessary to estimate the hydrazoic acid in each preparation. 

Some twenty experiments were carried out in order to investigate the following variable factors: the best method 
of obtaining solutions of hydrazoic acid in organic solvents; the rate of addition of ketone to the hydrazoic acid; the 
time, temperature, solvent and catalyst for the reaction; and the best method of isolating and purifying cardiazole. 

As pure liquid hydrazoic acid is explosive all experiments were carried out behind a screen made of safety glass 
covered with wire gauze. We found, however, that the solutions were stable even when shaken vigorously. Because of 
the toxic nature of hydrazoic acid, a fume-chamber was used. 

Preparation of Cardiazole.—Sodium azide (120 g.) was mixed with an equal weight of water in a 1-litre three-necked 
flask fitted with a thermometer, dropping-funnel and mechanical stirrer. A mixture (ca. 250 c.c.) of ligroin (60—80°) 
and benzene (15 : 85 by vol.) was then added. The mixture, immersed in ice, was stirred until the temperature fell to 
ca. 3° and then the calculated quantity of sulphuric acid (57 c.c., based on the equation 2NaN,; + H,SO, = Na,SO, + 
2N;H) was added from the dropping-funnel, at such a rate that the temperature did not rise above 10°. When all the 
acid had been added, stirring was stopped and the semi-solid mass in the flask broken up thoroughly. The flask was then 
tightly corked and vigorously shaken at intervals over about 2 hours. (This shaking is much more effective than the 
stirring mentioned by von Braun, in bringing the reaction to completion.) Finally, most of the organic liquid was 
decanted, the rest being separated from,the residual salts by gentie filtration at the pump. The two solutions were 
mixed, dried over calcium chloride and the hydrazoic acid estimated by titration against standard potassium nitrite 
solution in the presence of sulphuric acid, with ferric chloride as indicator (see Gmelin, ‘‘ Handbuch der Anorg. Chemie,” 
Band 2B, p. 303, and Reith and Bouwman, Pharm. Weekblad, 1930, 67, 475); yield of acid 80%. 

The dry solution was placed in a 1-litre three-necked flask fitted with mechanical stirrer, dropping-funnel and water 
condenser. Anhydrous ferric chloride (1 g. for each gram of ketone) was added to the solution followed immediately 
by a few drops of cyclohexanone. (Hydrazoic acid reacts slowly with benzene in the presence of ferric chloride, but more 
rapidly with cyclohexanone.) The mixture was thoroughly cooled in ice, and 10 drops of ketone were added at intervals 
of 10 minutes until the calculated weight (3-8 mols.) had been added. The stirring was continued throughout the ad- 
dition, and then for 15 hours subsequently during which time the temperature was allowed to rise as the ice melted. 
Nitrogen was evolved during the reaction and tended to carry away the volatile hydrazoic acid, but the condenser trapped 
some of this. The loss of hydrazoic acid probably accounts for the proportions recommended: 3-8 mols. of acid to 
1 mol. of ketone. The resulting solution was made alkaline with 30% NaOH and filtered from the precipitated iron 
hydroxide. The benzene layer was separated and the aqueous layer saturated with ammonium sulphate. The aqueous 
layer was extracted six times with benzene (ca. 50 c.c. at a time). The united extracts were dried over sodium sulphate 
and the solvent distilled away under reduced pressure. The residual oil solidified on cooling and was first pressed on a 
porous porcelain to remove oily impurities, and then distilled at 203—204°/15 mm. or better at 150—153°/0-45 mm. 

Sometimes the distillate was slightly yellow. This colour could be removed by crystallisation from a mixture of 
benzene-ligroin (80—100°). The tetrazole could also be crystallised from a large volume of ligroin. It had m. p. 58°; 
yield of distilled material 70%, yield of recrystallised material 50%. The identity of the substance was further 
established by the formation of the crystalline compound on the addition of saturated mercuric chloride solution (E.P. 
257,418). ‘‘Cardiazol’’ is a trade mark of Messrs. Knoll Ltd.—Universiry CHEMICAL LABORATORY, CAMBRIDGE. 
[Received, August 23rd, 1945.] . 
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The Preparation of 2-Amino-1-hydroxyfluorene. By. F. GoULDEN and GrorcE A. R. Kon. 


7-HyDROXY-2-ACETAMIDOFLUORENE has been isolated from the urine of animals treated with the carcinogenic comp 
pound 2-acetamidofluorene, and identified by synthesis (Bielschovsky, Biochem. J., 1945, in the press). The methg 
employed is not suitable for the preparation of large quantities because nitration of acetamidofluorene only gives smal 
amounts of the required 7-nitro compound (Diels, Schill, and Tolson, Ber., 1902, 35, 3284) and the main product is thy 
3-isomeride. In our search for an improved method advantage was taken of the observation of Eckert and Langeckep 
(J. prakt. Chem., 1928, 226, 263) that 2-aminofluorenone nitrates almost exclusively in position 7 and the purification of 
* the resulting compound and its conversion into 7-nitro-2-hydroxyfluorenone present no difficulty. The latter coms) 
pound is readily reduced to 7-amino-2-hydroxyfluorenone. This compound or its acetyl derivative could not be converteg 
into the corresponding fiuorene by the Clemmensen method, but treatment with hydrazine and sodium ethoxide gaveg | 
quantitative — of 7-amino-2-hydroxyfluorene, which could then be acetylated to yield the product already prepa ; 
by Bielschovsky. ah 
. 2-Aminofluorenone. 2-Nitrofluorenone (Diels, Ber., 1901, 34, 1758) was reduced as described by Eckert and Langecker 
(loc. cit.), the mixture being boiled for 7 hours. The yield of reprecipitated and recrystalliséd amino compound was 75%, 3 
7-Nitro-2-aminofiuorenone. The nitration of 2-aminofluorenone was carried out by the method of Eckert g “ 
Langecker, except that the amount of ice used for diluting the nitration mixture was reduced to one-third and sodium} 
hydroxide used for the neutralisation; in this way 30 g. could conveniently be nitrated at once. Later, it was found” 
preferable to omit the neutralisation and to isolate the nitroamino compound in the form of its sulphate, which” 
separated as a solid when the nitration product was poured on to ice. It was suspended in hot water and at once) 
decomposed with an excess of sodium hydroxide. The resulting dark brown solid, which should separate fairly easily, 
was washed with water and alcohol and dried at 100°. It was sufficiently pure for the next stage; it can be recrystallised 
from nitrobenzene. ig 
1-Nitro-2-hydroxyfluorenone. The diazotisation of the nitroamino compound as described by Eckert and Langecker | 
was readily carried out on a 30 g. scale; the mixture was poured on to ice and gradually heated to boiling; elimim” 
ation of nitrogen was then complete. The phenol was readily isolated, but the purification was troublesome because” 
the compound tends to precipitate in a finely divided form unless special precautions are taken. Attempts made te | 
recrystallise it without reprecipitation were not satisfactory; it was found best to dissolve it in the minimum amount of © 
2n alkali (1 1.), filter the solution, diluting if necessary, and to heat it to boiling before adding excess of mineral acid, 
The solid (yield, 72—-80%) was sufficiently pure for the next operation, but could be recrystallised from nitrobenzene, ~ 

7-A mino-2-hydroxyfluorenone.—The nitrohydroxy compound (20 g.) was boiled for 3 hours with AnalaR sodium” 
sulphide (80 g.) and sodium hydroxide (40 g. in 1 1. of water). The solution was acidified with acetic acid, the solid ~ 
separated, dissolved in dilute hydrochloric acid, filtered, made alkaline with sodium hydroxide, then again acidified ™ 
with acetic acid. The brown solid (16-5 g.) was sufficiently pure for further treatment. It crystallised from nitro” 
benzene in brown needles, m. p. 235°, and was readily decomposed by heating its solution (Found: C, 73-8; H, 4 
C,3;H,O,N requires C, 74-1; H, 4-3%). The acetyl compound was prepared by suspending the amine (1 g.) in w cer 
(75-e:e:);-adding hydrochloric acid sufficient to dissolve the solid and shaking the filtered solution with acetic anhydri le 
(2 c.c.) and an excess of sodium acetate. The lilac suspension was separated with difficulty, and the solid was purified” 
through its sparingly soluble sodium salt; it crystallised from nitrobenzene in brick-red spear-shape crystals, m. p. abo 
310° (Found: C, 70-9; H, 46. C,,H,,O,N requires C, 71-1; H, 4-4%). 

7-A mino-2-hydroxyfluorene.—BOth nitrohyadroxy- and aminohydroxy-fluorenone were rapidly reduced when 1 g. was” 
boiled with amalgamated zinc filings (12-5 g.), acetic acid (32 c.c.), and hydrochloric acid (8 c.c.); the coloured solid i 
either case rapidly dissolved to a colourless solution; no crystalline compounds were isolated on dilution. Amino 4 
hydroxyfluorenone (1 g.) was heated overnight in a sealed tube with hydrazine hydrate (100%, 2 c.c.) and sodium ethoxide) 
solution (5%, 16 c.c.) at 170°; higher temperatures should be avoided. The solution was diluted and acidified with) 
acetic acid; 7-amino-2-hydroxyfluorene was precipitated as a sandy powder (yield quantitative). It crystallised from) 
anisole in small greenish-grey plates melting and decomposing indefinitely at about 260°; it was also easily decomposed) 
by boiling its solution (Found: C, 78-9; H, 5-7. C,;H,,O,;N requires C, 79-2; H, 5-6%). The acetyl compound was” 
prepared from the crude reduction product by the procedure described-above and after several crystallisations from 
50% acetic acid formed small plates; m. p. and mixed m. p. 232°. 


The authors wish to thank Dr. F. Bielschovsky for a description of the preparation of acetamidohydroxyfluorene 
and a specimen of the pure substance.—THE CHESTER BEATTY RESEARCH INSTITUTE, THE RoyaL CANCER HosPITAL 
(FREE), FuLHAM Roap, LONDON S.W.3. [Received, September 15th, 1945.] 




















January, 1945 


THE CHEMICAL SOCIETY 





NOTICE OF FORTHCOMING SCIENTIFIC MEETINGS 


IN LONDON (Burlington House). 


Thursday, February 15th, 1945, at 2.30 p.m. 
The following papers will be read and discussed : 





“Molecular compounds between amines and sulphur dioxide. A comment on Jander’s theory of 
jonic reactions in sulphur dioxide.” By L. C. Bateman, E. D. Hughes, and C. K. Ingold.* 


“Experiments on the synthesis of the pyrethrins. Part I. Synthesis of chrysanthemum mono- 
carbocyclic acid.’’ By S. H. Harper. 


“ Studies on the chemical constitution of colchicine.” By N. Barton, G. L. Buchanan, J. W. Cook, 
W. Graham, and J. Loudon.* 


Thursday, March 15th, 1945, at 2.30 p.m, 


Liversidge Lecture on “‘ Reactions in Monolayers,” by Professor E. K. Rideal, M.B.E., M.A., D.Sc., 
ERS. 





OUTSIDE LONDON. 


BRISTOL. 
Thursday, February 8th, 1945, at 5.30 p.m. 
Tilden Lecture on “‘ Diffraction Methods in Modern Structural Chemistry,” by Professor J. M. Robert- 





son, M.A., D.Sc. To be held in the Department of Chemistry of the University. 


EDINBURGH. | 
Friday, February 23rd, 1945, at 7.30 p.m. 


Tilden Lecture on “ Non-Benzenoid Aromatic Hydrocarbons,” by Professor W. Baker, M.A., D.Sc. 
fo be held in the North British Station Hotel. si) 





GLASGOW. 
Friday, February 16th, 1945, at 7.30 p.m. 


Lecture on ‘‘ Some Aspects of the Metabolism of the Steroid Hormones,” by Professor G. F. Marrian, 
DSc., F.R.S. To be held at the Royal Technical College, and to be preceded at 7 p.m. by the Annual 
eneral Meeting of local Fellows. 
LEEDS. : 


Tuesday, March 6th, 1945, at 5.15 p.m. 


5.15 p.m. Film entitled ‘“‘ Sulphonamide Therapy.”’ 
6.0 p.m. Light refreshments. 

_ 6.30 p.m. Discussion on “ The Repercussions of Modern Theoretical Developments on the Methods 
Teaching Chemistry in Schools,” to be opened by Professor F. G. Tryhorn. 


Joint meeting with Leeds University Chemical Society. To be held in the Chemistry Lecture Theatre 
the University. 








MANCHESTER. 
Thursday, February 15th, 1945, at 6 p.m. 


_ Meeting for the reading of original communications. To be held in the Chemistry Lecture Theatre 
it the University. 





* To read paper. 
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NORTH WALES, 
Thursday, February 8th, 1945, at 5.30 p.m. 


Lecture on “ The Strength of Carbon Bonds,” by Professor M. Polanyi, Ph.D., M.D., F.R.S. To be 
held in the Department of Chemistry, University College of North Wales, Bangor. Joint meeting with 
the University College of North Wales Chemical Society. 





NOTTINGHAM. 


Thursday, February 22nd, 1945, at 6.30 p.m. 


Lecture on “ Pyrethrum and the Pyrethrins,” by Dr. A. E. Gillam, F.R.I.C. To be held in the 
Lecture Theatre, Chemistry Department, University College, Shakespeare Street. 





SHEFFIELD. 


Friday, February 9th, 1945, at 5.30 p.m. 


Lecture on “ Non-Benzenoid Aromatic Systems,” by Professor W. Baker, M.A., D.Sc. 
in the Lecture Theatre of the Chemistry Department of the University, 
with the University Chemical Society. 








PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 





Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, Piccadilly, W.1, on Thursday, January 18th, 1945, at 2.30 p.m. 


The President, Professor W. N. Hawortu, D.Sc., F.R.S., was in the Chair, and welcomed the visitors 
present. . 


MINUTES. ; 
The minutes of the Scientific Meeting on November 16th, which had been circulated, were taken as 
red and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 

The following were formally admitted Fellows of the Chemical Society: V. Gold, R. L. Wickens, 
A. D. Wright, D. E. Eddowes, J. H. Nicholls, A. R. L. Chivers, B. Atkinson, J. F. Wood, P. J. West, 
A. R. Burkin, J. Pisker, H. M. B. Buckell, A. R. Peacocke, R. E. Dodd, H. A. Rigby, E. S. Halberstadt, 
R. A. Reed, D. Mona Grove, J. F. Brown, B. W. Rogers, Max Perutz. 

TILDEN LECTURE. 


After a brief introduction, the PRESIDENT called on Professor J. M. Robertson to deliver this Tilden 
Lecture, entitled : ‘‘ Diffraction Methods in Modern Structural Chemistry.” 


At the conclusion of the lecture, a vote of thanks to the Lecturer, proposed by Professor G. Ingle 
Finch, was carried with acclamation. 





OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regret to announce the deaths of the following Fellows : 


Elected. Died. 


Max Bergmann 1933 Date unknown. 
Robert Frederick Blake 1890 November 25th, 1944 
Henry Dreyius. .....cvecrscosecesecesreese . 1941 December 30th, 1944. 
Martin John Hoare 1920 Date unknown. 
Edwin James Read 1895 November :23rd, 1944. 
John Stafford 1941 January, 1944. 


VACANCIES ON COUNCIL. 
The names of the members of Council who retire at the next Annual General Meeting are as follows : 


Viee-Presidents who have not filled the office of President: 
Dr. F. H. Carr, Professor A. FINDLAY, and Professor C. S. GrBson. 


Elected Ordinary Members of Council : 


Constituency I (South-East England). Dr. D. J. G. Ives, Dr. F. B. Kippinc, and Dr. H. W. 
Thompson. 


Constituency II (Central and South-West England). Dr. G. S. HartLey, Dr. E. B. MAXTED, and 
Dr. H. B. Watson. 

Constituency III (North-West England, North Wales, and the Isle of Man). Dr. F. FAIRBROTHER 
and Dr. E. H. Ropp. 

Constituency IV (North-East England). Dr. J. W. BAKER. 

Constituency V (Scotland). Professor J. W. Coox. 


The above are ineligible to the same office until after the lapse of one year. 
In June, 1944, the Council accepted the resignation of Professor C. W. Davies from the office of 


Honorary Secretary as from the end of September, and on the 16th November appointed Professor 
H. V. A. Brisco to this office until the next Annual General Meeting. 
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NOTICE is hereby given that in accordance with the Bye-Laws.the following vacant places in th 
Council fall due to be filled at the Annual General Meeting to be held in London on the 19th April, 1945. 


Honorary Secretary 


Vice-Presidents who )iave not filled the office of President 
Elected Ordinary Members of Council: 


Constituency I (South-East England) . ‘ . ; . Three vacancies, 
II (Central and South-West England) » Three vacancies, 


III (North-West England, North Wales, and the Isle of Man) Two vacancies, 
IV (North-East England) . . One vacancy. 


V (Scotland) . One vacancy. 
In accordance with Bye-Law 23, the Council have nominated Professor H. V. A. BRISCOE to the 
office of Honorary Secretary 


Nominations by Fellows for the office of Honorary Secretary or Vice-President should be made in 
writing signed by at least twenty Fellows. 

Fellows resident in a constituency may nominate any Fellow resident in that constituency for election 
to the Council to filla vacancy among Elected Ordinary Members of Council allotted to that Constituency, 


Every such nomination must be in writing signed by at least fifteen Fellows resident in that constituency. 
For full particulars of the area of each Constituency, see page 3. 


Every nomination must relate to one vacant place only, and must be accompanied by a signed 
declaration by the nominee that he is willing to accept office, if elected. 


All nominations must be received by the Honorary Secretaries at the Society’s Rooms not later than 
Wednesday, the 14th February, 1945. 


Forms of nomination can be obtained on application to the General Secretary. Applicants should 
indicate the vacancy for which the form is required. 


ACKNOWLEDGMENTS. 
The thanks of the Council have been conveyed to : 


One vacancy. 


Three vacancies, 


(a) The Chemical Council for a grant of £50 towards the cost of summaries of papers appearing in 
the Journal for 1944. 


(6) The Society of Dyers and Colourists for a contribution of £10 10s. to the Library for 1944. 
(c) Mr. N. C. B. Hay for presenting sets of the Journal and Abstracts A. 


RETIREMENT OF GENERAL SECRETARY. 


The Council announce with regret that they have received from Mr. S. E. Carr an intimation that 


in the summer of 1945 he wishes to retire from the office of General Secretary, after serving the Society 
for 43 years. 


HARRISON MEMORIAL PRIZE, 1944. 


The Harrison Memorial Prize Selection Committee has awarded the Harrison Memorial Prize for 


1944 to Dr..Lestiz F. Wiccins, of Birmingham University. The presentation will be made at the 
‘Annual General Meeting of the Society on April 19th, 1945. 


FELLOWSHIP. 


The following 48 candidates were elected Fellows of the Chemical Society on December 14th, 1944: 


Dennis Victor Arnold. Victor Gold. Ronald Herbert Smith. 
Bernard Atkinson. i Dorothea Mona Grove. Fred Raymond Stafford. 
Arthur Sydney Bailey. Donald William Grover. Alfred Thomas Steadman. 
George Beeston. Cledwyn Ronald Stephen Harries. Tom Thornley. 

’*Mary Alice Birch. ‘- Thomas Arthur Heppenstall. John Lucas Turner. 
Margaret Cecilia Jackson Boyle. Philip Sidney Hetherington. Dorothy Mary Usher. 

;.. Helen Monamy Bayldon Buckell. Geoffrey Holt. Leonard Eric Ward. 
Herbert Charles Butcher. Gordon Hopkins. Horace Edward Watson. 
Kenneth Leopold Butcher. Kenneth John Ivin. Ernest Edmund Wells. 
Marie Evelyn Coates. Douglas William Jopling. Peter John West. 
William Percival Coldrick. Albert Ernest Judd. Vincent Henry Westlake. 
Edmund Allaway Cooke. Boris Nicholas Levitsky. Nar Stanley Whitehurst. 
Brian Milner Cowburn. ° Israel Marszak. obert Louis Wickens. 
John Stuart Michael Dashwood. Wilfred John Oldham. John Francis Wood. 

_ .. Ronald Leonard Denyer: © ‘Sydney Pickles. Arthur Desmond Wright. 

‘George Alan Gartonm.”----- ~~ - ‘Kenneth Reginald Rees. John Paterson Young. 
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LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the Honorary Secretaries 


ot later than Monday, February 19th, 1945. Such objections will be treated as confidential. The forms of application are 
jisplayed in the Library.) 


abbott, William Christopher. Certificate of the Science and Arts Department, 2nd Class Inorganic Chemistry. Certi- 
ficated Dispenser, Society of Apothecaries. British. Chief Medical Officers Department, Ministry of Supply, 
Shell Mex House, Strand, W.C. 2. Medical Stores Officer. Signed by : J. T. Hewitt, Clarence Smith, W. C. Slater. 

b)Anderson, Lewis Charles, A.R.I.C. British. 56, Long Road, Newton Heath, Manchester, 10. Technical Assistant, 
Ministry of Supply. Signed by : D. S. Stephens, G. Spencer, C. G. Childs. 

p)Arnall, Paul, Higher School Certificate (Northern Univ.), Regd. Student, R.I.C. British. 52, Prouds Lane, Bilston. 
Junior Analytical Chemist at the Midland Tar Distillers, Ltd. Signed by : C. S. Kipping, F. G. Broughall, E. N. 
White. 

tBarrett, Eric George Victory, B.Sc. and Ph.D.(Lond.), A-R.I.C., A.M.I.Chem.E., A.R.P.S. British. c/o Elliott & Sons, 
Ltd., Park Road, Barnet. Chief Chemist. Signed by : Henry Terrey, O. L. Brady, H. J. Evans, L. F. Gilbert. 

Baxter, Arthur, M.A. and B.Sc. (Oxon), A.R.I.C. English. 15, Hullah Lane, Wrexham. Signed by: Frank C. 
Buckley, W. Hodgson, W. F. Bennett. 

Beer, Roger John Sidney, B.A.Hons. (Oxon). British. Balliol College, Oxford. Research in Organic Chemistry for 
degree of D.Phil. at the Dyson Perrins Laboratory, Oxford. Signed by: R. P. Bell, F. E. King, W. Baker. 

+Bere, Charles Montague, M.Sc. (Lond.), F.R.I.C. British. Municipal College, Portsmouth. Senior Lecturer in 
Chemistry. Signed by : A. M. Ward, F. Hemming, L. Crombie. 

‘Bevan, Tom Harry, B.Sc.Hons. (Bristol). British. .Orchard View, Chilcompton, nr. Bath. Research Chemist. 
Signed by : E. L. Hirst, J. K. N. Jones, T. Malkin. 

"Bottomley, Warwick, Science graduate (Sydney). British. 2, Cambridge Street, North Sydney, N.S.W. Organic 
Chemistry Honours Student, University of Sydney. Appointed Research Chemist to Drug Panel of Western 
Australia State Department of Industrial Development from January, 1945. Signed by: J. C. Earl, Thomas 
Iredale, Adrien Albert. 

b)Boyce, Eric Arthur, A.R.LC. British. 11, Briar Road, Skellow, Doncaster. Resident Chemist for Doncaster 
Amalgamated Collieries Limited at the Central Laboratory, Brodsworth Main Colliery. Signed by : G. Lawton, 
H. J. T. Ellingham, R. Leslie Collett. 

{Brady, Thomas Gerard, M.Sc. (N.U.I.), Ph.D. (Munich), A.R.I.C. Irish. 7, Idrone Terrace, Blackrock, Co. Dublin. 
Assistant Lecturer in Biochemistry, University College, Dublin. Signed by : Vincent C. Barry, A. G. G. Leonard, 
Thos. J. Nolan. 

tBroomhead, Charles, A.R.I.C. British. 16, Neville Road, Waterloo, Liverpool, 22. Analytical Chemist. Signed by : 
L. G. Townsend, A. Ormrod, S. C. Glass. 

(Campbell, Sydney Glenroy, A.R.I.C. British. Nunwood, Apperley Bridge, Bradford. Grease Research Chemist, 
Bradford Corporation Sewage Works. Signed by : Arnold Breare, L. A. Jordan, S. H. Bell. 

{Chamberlain, George Humfrey Neville, B.Sc. (Lond.), A.R.I.C. British. 14, Oaklea Avenue, Hoole, Chester. Research 
Chemist. Signed by : David S. Penny, R. R. Baldwin, T. P. Hughes. 

Chapman, Frank, M.A. (Cantab.). British. 78, Brooklands Avenue, Fulwood, Sheffield, 10. Research Chemist. 
Signed by : Brynmor Jones, E. Gertrude Turner, D. Woodcock. 

tChard, Sylvester John Herbert Owen, B.Sc.Hons. (Wales), University of Wales Teachers’ Diploma in Education. British. 
1, Herbert Street, Bridgend. Assistant Lecturer in Chemistry, University College, Cardiff. Signed by : W. J. 
Jones, N. M. Cullinane, S. T. Bowden. 

{Coles, Romney, B.Sc.Hons. (Lond.), A.R.I.C., Diploma of Education. British. The Brake, St. Austell. Senior 
Chemistry Master, The King’s-School, (Canterbury), at Carlyon Bay, St. Austell, Signed by : N. K. Adam, A. J. 
Allmand, H. W. Cremer. 

{Comely, Richard Michael, B.Sc. (Lond.), A.R.I.C. British. 26, Ismay Road, Chaddesden. Research Chemist. 
Signed by : R. Souter, D. S. M. Davis, James J. Allen. . 

tConsden, Raphael, B.Sc. and Ph.D. (Lond.). British. 12, Miles Hill Road, Leeds, 7. Research Chemist at Wool 
Industries Research Association. Part-time lecturer in Chemistry at College of Technology, Leeds. Signed by : 
Henry Phillips, L. F. Story, John Barritt. 

{Cooke, Edward Vincent, B.Sc.Hons. (Manc.), application for A.R.I.C. being made. British. Heybury, Prestbury Lane, 
Prestbury, nr. Macclesfield. Research Chemist employed by I.C.I., Ltd. (Dyestuffs Division).’ Signed by: Colin 
Campbell, G. N. Burkhardt, A. Melrose. 

(b)Cooper, Ronald Lifton, B.Sc.Hons. (Lond.), A.R.I.C. British. 28, Beechwood Rise, Watford. Works Chemist to. 
aGasCompany. Signed by : E. de Barry Barnett, R. C. Watkins, Cecil L. Wilson. 

ttrowl, Victor Terrell, B.Sc. and Ph.D. (Lond.), D.1.C., A.R.C.S., A.R.LC. British. 25, Laureston Avenue, Heysham. 
Technical Assistant. Signed by : R. E. Goddard, Mark Guter, Homi E. Eduljee. 

))Dalziel, Keith, B.Sc.Hons. (Lond.), A.R.I.C., A.R.T.C. (Salford). British. 12, Symons Street, Higher Broughton, 
Salford, 7. Chemical Laboratory Technician, Manchester Victoria Memorial Jewish Hospital. Signed by : Isaac 
Goodman, W. M. Roberts, E. Tidd. 

‘Dawson, John Keith, B.Sc.Hons. (Birm.). British. 440, Belt Road, Hednesford. Research Assistant. Signed by : 
. L. L. Bircumshaw, M. Stacey, Stanley Peat. 

(b)Doyle, Joseph James, B.Sc.Hons. (Glas.), A.R.T.C., A-.R.I.C. British. 104, Aros Drive, Mosspark, Glasgow, S.W. 2. 
Assistant Chemist, William Beattie, Ltd. . Signed by : Hugh C. Moir, Henry G. A. Anderson, Edmund Bishop. 

i, Leonard Cartlidge, A.R.I.C. British. c/o Virol Ltd., Hanger Lane, Ealing, W.5. Biochemist. Signed by : 
Eric C. Wood, A. J. Amos, D. W. Kent-Jones. 
Ben, B.Sc. (Lond.), F.R.I.C., M.I.Chem.E. British. 22, Chantrey Road, West Bridgford. Chemical 


— Part-time research student, University College, Nottingham. Signed by: R. Banks, H. Barnes, 
- Hagyard. 
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(b)Evans, David Wilfred Shawyer, B.Sc.Hons. (Lond.), A.R.I.C. British. 1, Ashfield Place, Llanfaes, Brecon. Shi 
Chemist, Coke-Oven Plant. Signed by : John C. Roberts, E. O’F. Walsh, D. O. Jordan. 

tFirrell, John Pindar, B.Sc. (Lond.), A.R.I.C. British. 14, Priory Hill, Dartford. Chief Chemist, Dartford Pape 
Mills, Ltd. Signed by : John W. Corran, R. A. Morton, R. O. Griffith. 

tFord, John Henry, B.Sc. (Lord.), A.R.I.C. British. 97, Erith Road, Belvedere. Chemist (C.C.I. Ministry of Supply| 
Signed by : A. S. Nickelson, A. D. Wright, J. A. V. Willis. ' 

+Fraser, Robert Alexander, B.Sc. (Lond.), A.R.I.C. British. 117b, Uxbridge Road, Hampton Hill. Analytical Chem; 
Signed by : W.H. Hoffert, J. D. Davies, Keith H. V. French. 

tGardner, Frank, Inter.B.Sc. British. 32, Cherry Orchard Road, Handsworth Wood, Birmingham, 20. Chemist a 
Birmingham Gas Works. Signed by : J. Cooper Duff, Brian B. Bach, J. N. Friend. 

*Gibbon, William Ewan, Matriculation (London Univ.). British. 29, Penallta Road, Ystrad Mynach, Hengoed| 
Assistant Chemist, Central Laboratory, Powell Duffryn, Limited. Signed by: K. S. McManus, N. T. Simmony 
J. F. Byrne. 

(b)Gordon-Teall, Dennis. Has completed two years full-time study at College in chemistry and is of B.Sc.—A.R1¢ 
standard. British. 39, Regent Street, Leamington Spa. Full-time study of Chemistry. Signed by : Kenneth 
Gardner, T. R. Andrew, Charles F. Watts. 

(a)Guttmann, Steffi. Student: at London University. German. 22, Lee Road, Mill Hill East, N.W.7. L 
Assistant. Signed by: WN. A. C. Friend, B. Ellis, Roger Paget. 

tHammond, Roy, B.Sc.Hons. (Lond.), F.R.I.C. British. 42, Firwood Avenue, Oaklands, St. Albans. Chemist with 
L.C.I. (Plastics), Ltd. Signed by : W. Taylor, J. E. Wynfield Rhodes, R. H. Stanley. 

Hassall, Cedric Herbert, M.Sc., A.N.Z.I.C. British. Chemistry Department, University of Otago, Dunedin, NZ, 
University teacher. Signed by : F. G. Soper, S. N. Slater, F. N. Fastier. 

Hill, Levi Mellor. British. 365, Wharton Road, Winsford. Research Chemist, I.C.I. (Alkali), Ltd. Signed by: 
F. A. Freeth, John Ferguson, L. M. Clark. 

*Hilldrith, Gwendoline Ruth, B.Sc. (Lond.). English. 98, Shooters Hill Road, Blackheath, S.E.3. Student training for 
teaching. Signed by : Mary S. Lesslie, Margaret M. Jamison, D. M. Hall. 

tHolland, David Oliver, B.Sc. (Lond.), A.R.I.C. British. 52, Goring Way, Greenford. Research Chemist. Signed by; 
F. A. Robinson, B. Arthur Hems, E. T. Borrows. 

tHomer, John Arthur, B.Sc. (Dun.), A.R.I.C. British. - 93, Lewis Street, Walsall. Chemical Research, Ministry of 
Information. Signed by: R. Eryl Williams, A. D. Mitchell, S.-W. Collins. 

tHorsley, Thomas Edward Victor, B.Sc. (Lond.), A.R.I.C. British. 14, Newbury Court, Hermon Hill, Wanstead, E. 11. 
Analytical Chemist (Food and Drugs). Signed by : B. A. Ellis, H. Egan, E. G. N. Greaves. 

(b)Howieson, William, B.Sc.Hons. (Glas.). Scottish. c/o Mrs. Brown, 107, Musters Road, West Bridgford. Research 
Chemist at Boots Pure Drug Co., Ltd. Signed by: W. Wilson, J. W. Minnis, R. Michaelis. 

tHumphreys, Raymond George, B.Sc. (Lond.), A.R.I.C. British. Holmdene, Tubbenden Lane, Orpington. Research 
Chemist. Signed by : Henry Terrey, B. Dudley Sully, Denis C. Quin. 

tHutchison, Thomas, A.R.I.C. British. 363, Pilton Avenue, Edinburgh, 5. Technical Chemist, T. and H. Smith, Ltd. 
Signed by : Wm. Mitchell, W. F. Martin, Donald C. Wilson. 

tHutton, Gerald Charles, B.Sc. (Lond.), A.R.I.C. British. 2, Station Flats, London Road, Reigate. Chemical analyst 
in works laboratory. Signed by : C. H. R. Gentry, G. Kohnstam, M. L. Smith. 

*Ingram, Donald William, B.Sc.Hons. (Birm.) not yet conferred. British. 42, Westbourne Street, Walsall. Research 
Assistant, D.S.I.R. Signed by : L. L. Bircumshaw, M. Stacey, Stanley Peat. 

tKaye, Anthony Harmsworth, B.Sc. (Lond.), A.R.I.C. British, Manbré and Garton, Ltd., Winslow Road, Hammer 
smith, W.6. Technical Manager. Signed by : Alan M. Maiden, H. Baines, J. Kenyon. 

tKelly, Hugh Edward, F.R.I.C. British. John Smith’s Tadcaster Brewery Co., Ltd., Tadcaster. Head Chemist. 
Signed by : Alex. Findlay, R. Leslie Collett, H. J. T. Ellingham. 

tKilner, Ernest, B.Sc. (Lond.), A.R.I.C. British. Constantine Technical College, Middlesbrough. Lecturer in 
Chemistry. Signed by: F. R. Williams, R. W. Ancrum, P. A. Lintern. . 

tLawrence, Jack, B.Sc. (Lond.), A.R.I.C. British. 3, Mayne Avenue, Luton. Works Manager and Chief Chemist, 
Alcock (Peroxide), Ltd. Signed by : V. W. Slater, A. N. C. Bennett, G. G. Durrant. 

(b)London, David Lockwood, B.Sc. (Lond.). English. 19, Ernle Road, Wimbledon; $.W. 20. Analytical and Research 
Chemist at Jones, London and Jarrard, Ltd. Signed by : T. H. Fairbrother, C. K. Ingold, H. G. Poole. 

tLongbottom, Kenneth William, A.R.I.C. British. 88, Bennetthorpe, Doncaster. Chemist and Metallurgist. Signed 
by : G. Lawton, H. J. T. Ellingham, R. Leslie Collett. ( 

+Mackie, Archibald T., A.R.I.C. British. 101, Hope Road, Brooklands, Sale. Analytical Chemist. Signed by: 
Henry G. A. Anderson, A. B. Crawford, F» Rumford. 

tMarshall, Ian, B.Sc.Hons. (L’pool). British. 68, Valley Road, Welwyn Garden City. Research Chemist. Signed 
by : Ivan Harris, Kathleen W. Robertson, P. A. Small. 

tMiall, Lawrence MacKenzie, B.A.Hons. (Cantab.). British. 15, Thurlow Road,-N.W.3. Chemist, employed by 
Kemball, Bishop & Co., Ltd. Signed by : Stephen Miall, A. L. Bacharach, E. F. Armstrong. 

(b)Miller, Ronald Bruce, B.Sc. (N.Z.). British. Knox College, Dunedin, N.E.1. Chemical research. Signed by: 
F. G. Soper, S. N. Slater, F. N. Fastier. 

tMills, James, B.Sc.Hons. and Ph.D. (Dun.). British. 5, Bewley Grove, Acklam, Middlesbrough. Research Chemist 
(extra-mural branch of the Ministry of Supply, A.R.D.). Signed by: P. L. Robinson, W. M. Madgin, H. 


Riley. 4 
tMitchell, John, B.Sc. (Lond.), A.R.I.C. British. Crowcroft, Collier Lane, Ockbrook. Assistant Chemist, LC. 
Dyestuffs Division. Signed by: H. F. Clay, R. S. Kahan, D. T. Sarfas. 
(a)Moss, Frank Anthony James. English. 37, Norman Close, Romford. Studying in final year of B.Sc., S.W. Esset 
Technical College, Walthamstow. Signed by : H. Holness, R. W. Jukes, I. L. Finar. & 
(b)Neesham, George Frederick, A.R.I.C. British. 84, New Villas, Baxterley, nr. Atherstone. Assistant Colliery 
Chemist. Signed by: S. W. Sleigh, K. Gardner, C. F. Watts. : ‘ 
tOlsen, Norman, A.R.I.C. British. 12, Calton Avenue, Liverpool, 15. Chemist, Liverpool Gas Company. Signed by: 
L. G. Townsend, A. Ormrod, S. C. Glass. 
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Owen, William John, A.R.I.C. British. 41, Waterpark Road, Prenton, Birkenhead. Chemist, Brotherton & Co., Ltd. 
Signed by : Dick Emsley, Paul Dalley, George Brearley. ° 

Owston, Philip George, B.Sc.Hons. (Sheffield). British. 109, Blackheath Park, Blackheath, S.E.3. Research Chemist 
(Experimental Officer in Ministry of Supply). Signed by > Brynmor Jones, R. D. Haworth, Arthur W. Chapman. 

p)Pearson, Maurice Herbert. Higher School Certificate (Lond.). British. 10, Purley Hill, Purley. Civil Servant, Pro- 
fessional and Technical, Ministry of Supply.: Signed by : G. H. Jeffery, D. M. Cowan, Arthur I. Vogel. 

Poole, John Bescoby, B.A. (Oxon). British. 200, Iffley Road, Oxford. Research Chemist. Signed by: Ronald P. 
Bell, W. Baker, S. G; P. Plant. : 

prosser, John, B.Sc.Hons. (Lond.). British. 46, The Parade, Cardiff. Works Chemist, Heigham & Co, Signed by : 
H. B. Watson, David P. Evans, W: D. Williams. 

»)Robinson, Stanley Richard, B.Sc.Hons. (Lond.), A.R.C.S., A.R.L.C. British. 20, Thorpedale Road, Finsbury Park, 
N.4. Research Chemist. Signed by : G. D. Buckley, L. J. Haynes, Gerald H. Hargreaves. 

(b)Robson, Ian Kenneth Miles, B.Sc.Hons. (Lond.), A.R.C.S. British. 16a, Victoria Rise, Clapham Common, S.W. 4. 
Research Student. Signed by: E. R. H. Jones, L. N. Owen, L. J. Haynes. 

Rogers, John, B.A.Hons. (Cantab.), M.Sc.Tech. (Manc.), A.R.I.C. British. 521, Barlow Moor Road, Chorlton-cum- 
Hardy, Manchester, 21. Chemist employed by Imperial Chemical Industries, Ltd. Signed by: G. Landells, 
J. T. McCombie, R. G. R. Bacon. 

+Savaage, Frank, M.A. and B.Sc. (Oxon). British. 11, Crooksbarn Lane, Norton, Stockton-on-Tees. Industrial 
Chemist (Sales Control). Signed by : M. P. Applebey, A. J. Prince, J. Hughes. 

(b)Sedley, Walter Thomas, National Certificate in Chemistry. British. 28, Princes Avenue, Eastham. Laboratory 
Assistant employed by Lobitos Oilfields, Ltd. Signed by : A. McGookin, L. McGrath, F. S. Archer. 

Silverton, Joseph. British. 58, Bramley Road, Worthing. Pharmaceutical Manufacturing Co., Ltd., Cheltenham. 
Signed by : B. W. Anderson, S. G. Jarrett, J. G. Green. 

(a)Smith, Derek Bryce. British. 38, Grosvenor Gardens, Woodford Green. 2nd year B.Sc. student. . Signed by : 
H. Holness, R. W. Jukes, I. L. Finar. 

*§mith, Mervyn John Hillier, B.Pharm. (Wales), A.R.I.C. British. Tremain, Llantarnam. ~ Lecturer in Pharmaceutical 
Chemistry, The Technical College, Cardiff. Signed by : John Ormston, H. B. Watson, W. D. Williams. 

(b)Smithies, Walter Rahe, B.Sc.Hons. (L’pool), A.R.I.C. British. 6, Agnes Road, Blundellsands, Liverpool, 23. 
Assistant Chemist at British Insulated Cables, Ltd. Signed by : Eric W. Mills, Joseph F. Jackson, James F. Sumner. 

{Spencer, Edmondson, D.Sc. (Lond.), A.R.C.S., A.R.S.M., F.R.L.C., F.Inst.Chem.Eng. British. c/o Bird & Co., Clive 
Street, Calcutta. Technical Adviser, Bird & Co. Signed by : Alex. Findlay, H. J. T. Ellingham, R. Leslie Collett. 

*Stern, Edward Severin, B.Sc. (Lond.), A.R.C.S. Austrian. 104, The Grampians, Western Gate, W.6. Research at 
Royal College of Science.. Signed by : E. R. H. Jones, Ernest A. Braude, A. H. Cook. 

(Stewart, Donald MacPherson, B.Sc. (St. Andrews), A.R.I.C. British. Redcliffe, Bank Street, Irvine. Signed by : 
H. T. Lester, S. Gabriel, R. Leslie Collett. 

(a)Stockton, Eric Sidney, B.Sc. (Lond.), A.R.C.S. British. 50, Kelvin Avenue, Palmers Green, N.13. Junior Scientific 
Officer, Boiler Availability Section, British Coal Utilisation Research Association. Signed by : F. Fraser Ross, 
G. Whittingham, M. P. Mendoza. 

Stout, Henry, Ph.C. British. 14, Belmont Gardens, Edinburgh, 12. Chief Pharmacist, Messrs. T. & H. Smith, Ltd. 
Examiner in Pharmaceutical Chemistry to The Pharmaceutical Society. Signed by : Wm. Mitchell, W. F. Martin, 
J. W. Laing. 

‘Street, John Clifford, B.A. (Cantab.). British. 3, Andover Street, Barrow-in-Furness. Research Chemist. Signed 
by : Fredk. S. Dainton, R. R.. Baldwin, T. P. Hughes. 

(b)Strickland, John Douglas Hipwell, A.R.I.C., Higher School Certificate, London University. British. 47, Merehall 
Street, Bolton. Analytical Chemist, Chemical Inspection Department. Signed by : F. J. Woodman, E. Foley, 
A. Cooksey. 

(b)Sturgeon, Bennett, London InterB.Sc. British. 542, Upper Brentwood Road, Gidea Park. Student at Queen Mary 
College for B.Sc.(Hons.) in Chemistry. Signed by: J. R. Partington, H. D. K. Drew, W. H. Patterson. 

“Swift, Gordon, B.Sc.Hons. (Birm.). British. 1, Russell Road, Moseley, Birmingham, 13. Research Assistant. Signed 
by : M. Stacey, L. F. Wiggins, L. L. Bircumshaw. 

*Tankard, Malcolm Henry, B.Sc.Hons. (Lond.). British. 22, Queen Anne’s Grove, Bush Hill Park, Enfield. Assistant 
Research Chemist to Messrs. Allen & Hanbury’s, Ltd. Signed by : Norman Evers, Norman R. Campbell, John H. 
Hunt. 

fTaylor, Alfred McMullon, B.Sc.Hons. (Lond.), F.R.I:C. British. Stone Hall Lodge, Church Hill, Winchmore Hill, 
- 21. Analytical Chemist with Messrs. Parry & Ferguson. Signed by : F. J. Ligwellyn, D. J. G. Ives, George W. 

erguson. 

‘Thomas, Brian Richard John, B.Sc.Hons. (Birm.). British. 186, Hall Green Road, West Bromwich. Research 
Assistant. Signed by : L. L. Bircumshaw, M. Stacey, Stanley Peat. 

tThomas, William David Emrys, B.Sc.Hons. and Ph.D. (Wales), A.R.I.C. -British. Myrtle Hill, Trebanos, Swansea. 
Research Chemist. Signed by : J. E. Coates, A. R. Ubbelohde, R. Robertson. 

tThompson, George, M.Sc. (Q.U.B.), A.R.LC. British. Carfax, 61, Bell Road, Sittingbourne. Industrial Chemist 
(Paper and Pulp Manufacture). Signed by : Alex. Findlay, H. J. T. Ellingham, R. Leslie Collett. 

fThorneloe, Alfred Hubert, M.A. (Cantab.), B.Sc. (Lond.), A.R.I.C. British. 25, Croham Manor Road, South Croydon. 
Technical Adviser, The Cement Marketing Co., Ltd. Signed by : W. A. Snow, E. S. F. Rogans, W. C. Peck. 

“Tipper, Charles Frank Howlett, B.Sc.Hons. (Bristol). British. 22, Elmdale Road, Tyndalls Park, Bristol, 8. Research 
Chemist. Signed by : E. B. Maxted, H. D. Springall, T. Malkin. 

{Tyler, Cyril, B.Sc.Hons. and Ph.D. (Leeds), A.R.I.C. British. Department of Agricultural Chemistry, The University, 

. Reading. Lecturer in Agricultural Chemistry. Signed by : H. Bassett, G. H. Cheesman, D. Roy Maxted. 

+Wallace, James Russell, 8 Years Chemistry (gaining medal and honours) Heriot Watt College, 30 years experience in 
manufacture of fine chemicals. British. 36, Saughtonhall Avenue, Edinburgh, 12... Technical Chemist. Signed 
by : Wm. Mitchell, W. F. Martin, Donald C. Wilson. 

tWarne, Harry, M.Sc.Tech. (Manc.), A.R.I.C., M.Inst.F. British. 6, Thornton Avenue, Audenshaw, Manchester. 
Technical Control Manager, Peter Spence & Sons, Ltd. Signed by : J. H. Harwood, J: Chatt, W. Cule Davies. 
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(b)Weston, Vivian John. National Certificate of the R.I.C. British. The Tynings, Chew Stoke, nr. Bristol. Juni 
Chemist at Messrs. Wm. Butler & Co.,Ltd. Signed by : Leonard A. Bush, H. D Springall, Arthur Marsden. 
tWhite, Arthur Southan, B.Sc. (Lond.), A. RI. C.,A.M.I.Chem.E. British. 6, Tansley Road, Crumpsall, Manchester 

Chemical Engineer. Signed by : W. R. H. Hurtley, W. J. Evans, S. G. Jarrett. 
+Whyatt, Gilbert Henderson, B.Sc.Hons. (Manc.), A.M.I.Chem.E., A.R.I.C. British. Suffolk Chemical Co., Lt, 
Ipswich. Manager. Signed by : Colin Campbell, J. B. M. Herbert, A. E. Gillam. 
Wilson, Harry, A.R.I.C. English. 18, Clifton Crescent, Wheatley Hills, Doncaster. Chemist with British Bember 
Ltd. Signed by : G. Lawton, R. Leslie Collett, H. H. Hodgson. , 
tWood, Cyril Christian, M.Sc. (Lond.), A.R.C.S., D.LC., F.R.L.C. British. 27, King Edward’s Road, Ware. Chid 
Assistant Research Chemist to Allen & Hanburys, Ltd. Signed by : C. J. Eastland, Norman Evers, Wilfred Smith 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


tDreger, Emil E., B.S. (North-western), M.S. and Ph.D. (Illinois). United States citizen. Colgate-Palmolive-Peet Co, 
105, Hudson Street, Jersey City 2, N.J. Director of Research. Signed by : Foster Dee Snell. 

tMitchell, Harold Senior, B.S. (Syracuse). American. Research Laboratories, Swift and Company, U.S. Yards, Chicago 
9. Chief Chemist. Signed by : Foster Dee Snell. 

+Munday, Charles Walter, B.Sc. (Lond.). British. 119, Swingate Lane, Plumstead, S.E.18. F/O R.A.F. (Navigator), 
Civil Occupation, Chemist with Chemical Inspection Department, Ministry of Supply. Signed by : L. A. Warren, 
’ K. Ebbutt. 

tPalmer, Charles Wilfred, B.Sc.Tech. (Manc.), F.R.I.C. English. 1401, McGill College Avenue, Montreal. 
President, Canadian Celanese, Ltd., Montreal. Signed by : Leon Lorti, Ivan R. McHaffle. 

(b)Seshadri, Pennathur, B.Sc.Hons. (Madras). British. Department of General Chemistry, Indian Institute of Science 
Malleswaram, Bangalore. Undergoing a course and training in chemical engineering at the Indian Institute of 
Science, Bangalore. Signed by: T. R. Seshadri. 

tWhite, William Harold, M.A. (Western Ontario), Ph.D. (McGill), Seven years’ research work at National Research 
Council, Ottawa. Canadian. 950, St. Urbain Street, Montreal. Director of Research. Signed by : Leon Lorti, 
Ivan R. McHaffle. 

Whitworth, Edward Stanley. British. 24, Worsley Bridge Road, Sydenham, S.E. 26. Assistant Chemist, Molassine 
Co. At present serving with R.A.F. overseas. Signed by: E. S. F. Rogans. 


Vice. 


* Reduced annual subscription. t+ Three-body. (a) Junior Membership two-body. 
(t) Two-body. (b) .Junior Membership three-body. 





PAPERS RECEIVED 


List of papers received between December 20th, 1944, and January 18th, 1945. This list does not 
include the titles of papers which have been read at a Scientific Meeting or which have appeared in the 
Journal. 


“* Alkyl derivatives of sulphapyridine.” By W. KELLy and W. F. Snort. 

“ Catalytic hydrogenation of pyrene.’’ By J. M. L. CAMERON, J. W. Cook, and W. GRAHAM. 

“‘ Polycyclic aromatic hydrocarbons. Part XXX. Synthesis of chrysenols.’”’ By J. W. Coox and 
(Miss) R. SCHOENTAL. 

“‘ Experiments on the synthesis of the pyrethrins. PartI. Synthesis of chrysanthemum monocarboxylic 
acid.” By (Miss) I. G. M. CAMPBELL and S. H. HARPER. 

“‘ Researches in the phenanthridine series. Part VI. The relationship between structure and trypano- 
cidal properties.” By L. P. WALLS (with a note by C. H. Brownine, K. M. CAtver, and M. W. 
LECKIE). 

“‘ An ‘ ortho effect’ in the formation of thionaphthenopyrazoles.” By (the late) E. W. MoCLELLas 
and P, W. SMITH. 

“ The reaction of some arylsulphonylbenzisothiazolones with acetic anhydride and potassium acetate.” 
By F. S. Fowxkes and (the late) E. W. McCLELLAND. 

“‘ Molecular volume and structure. Part [X.’”’ By T. W. GIBLING. 

‘* 4-(4'-Aminobenzenesulphonamido)resorcinol and some related compounds.’”’ By D. H. Barros, 
W. H. LInnELL, and N. SENIOR. 

5 Synthesis of 4-hydroxy-5 : 6-(2’ : 3’-pyrido)quinoline (4-hydroxy-m-phenanthroline).” By W. 0. 
KERMACK and W. TEBRICH. 

‘‘ Synthetical and stereochemical investigations of reduced cyclic bases. Part I. Hydrogenation 
products of indole and the exhaustive methylation of an N-methyloctahydroindole.” By F. £. 
KincG, J. A. BARLTROP, and R. J. WALLEY. 

‘ Some green pigments of the phthalocyanine series.” By J. W. Haworth, I. M. Hemtpron, D. H. HEY, 
R. Wixkinson, and (the late) E. F. BRADBROOK. 

“ Synthesis of derivatives of taurinamide.” By A. A. GOLDBERG. 

“‘ The stereoisomeric «a’-di-«-naphthylsuccinic acids.” By F. E. Kine and T. HENSHALL. 





THE CHEMICAL SOCIETY 





NOTICE OF FORTHCOMING SCIENTIFIC MEETINGS 
IN LONDON (Burlington House). 


Thursday, March 15th, 1945, at 2.30 p.m. 





Liversidge Lecture on “‘ Reactions in Monolayers,” by Professor E. K. Rideal, M.B.E., M.A., D.Sc. 
RS. 


Thursday, April 19th, 1945. 





Annual General Meeting and the Presidential Address. (Further particulars willbe announced.) 


OUTSIDE LONDON. 


LEEDS. 
Tuesday, March 6th, 1945, at 5.15 p.m. 


5.15 p.m. Film entitled “ Sulphonamide Therapy.” 

6.0 p.m. Light refreshments. 

6.30 p.m. Discussion on “ The Repercussions of Modern Theoretical Developments on the Methods 
of Teaching Chemistry in Schools,’”’ to be opened by Professor F. G. Tryhorn. 


To be held in the Chemistry Lecture Theatre of the University. Joint meeting with Leeds University 
Chemical Society. 





MANCHESTER. 
Friday, March 2nd, 1945, at 6 p.m. 





Lecture on “ The Chemical Structure of Starch,”” by Professor E. L. Hirst, D.Sc., F.R.S. To be held 
in the Grand Hotel, Aytoun Street. Joint meeting with the local sections of the Royal Institute of 
Chemistry:and the Society of Chemical Industry. 


Thursday, March 22nd, 1945, at 6 p.m. 





Liversidge Lecture on “ Reactions in Monolayers,’ by Professor E. K. Rideal, M.B.E., M.A., D.Sc., 
F.RS. To be held in the Chemistry Department of the University. Joint meeting with the local sections 
of the Royal Institute of Chemistry and the Society of Chemical Industry. 


ST. ANDREWS AND DUNDEE. 
Thursday, April 26th, 1945, at 4.30 p.m. 


Lecture on ‘‘ The Structure and Chemistry of Metallic Crystals,” by Professor G. D. Preston, Sc.D. 
To be held in the Chemistry Department, University College, Dundee. 











PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 





Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, Piccadilly, W.1, on Thursday, February 15th, 1945, at 2.30 p.m. 


Professor A. Ffnptay, M.A., D.Sc., Vice-President, was in the Chair, and welcomed the visito 
present. 


MINUTES. , 
The minutes of the Scientific Meeting of January 18th were read and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 

The following were formally admitted Fellows of the Chemical Society :' W. C. Wetherell, W. A 
Bayliss, W. Haining, M. Elliott, James S. Moffatt, Audrey R. Hawdon, Paul Jefferies, Erika Grunberg 
SCIENTIFIC COMMUNICATIONS. 

The following papers were read : 

“Molecular compounds between amines and sulphur dioxide. A comment on Jander’s theory of ioniq 
reactions in sulphur dioxide.’’ By L. C. BaTEMAN, E. D. Hucues, and C. K. INcoxp. 


“‘ Experiments on the synthesis of the pyrethrins. PartI. Synthesis of Chrysanthemum monocarboxylit 
acid.”” By S. H. HARPER. 


“Studies on the chemical constitution of colchicine.’’ By N. Barton, G. L. Bucnanan, J. W. Cook 
W. GrauaM, and J. D. Loupon.. 





OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regret to announce the deaths of the following Fellows : 


Elected. Died. 

Guy Dunstan Bengough 1902 January 20th, 1945. 
oo Kerry Burbridge 1896 anuary 27th, 1945. 

ir Ernest H. Cook 1875 anuary 18th, 1945. 
Alexander Duckham 1897 ebruary Ist, 1945. 
Douglas Archibald MacCallum 1902 January 26th, 1945. 
Harry Sampson Wills 1909 August 24th, 1942. 
Jason Hall Worrall 1884 January Ist, 1945. 


‘Capt. George C. Miller October 9th, 1944. 


CONGRATULATIONS. 


The Council have sent congratulations to the following Fellows who completed 50 years of Fellowship 
on February 21st, 1945: 


David B. Butler. Thomas C, Sharrott. 
Francis H. Carr. Herbert F. Stephenson. 
Harry Harris. Thomas C. Warrington. 
Arthur Marshall. Henry S. Young. 





,CKNOWLEDGMENTS. 


The thanks of the Council have been conveyed to Messrs. F. Bergel, A. F. Campbell, A. J. Crockatt 
snd A. P. Mieras for presenting pubiications of the Society, to Messrs. A. F. Campbell and G. W. Young 
or contributions to the Publications Fund, and to Sir E. John Russell for presenting a number of letters 
received by him from prominent Fellows. 


A grant of £50 has been made to Dr. G. V. Raynor for a research on “‘ The Constitution and the 
heory of the Alloys of Aluminium with Transitional Metals.” 
OMINATIONS FOR VACANT PLACES ON THE COUNCIL. 
The following is the list of nominations for the new Council : 


Vive-Presidents who have not filled the office of President. (Three vacancies.) 


(London.) HAMILTON McCoMBIE. 
(Glasgow.) RONALD G. W. NorRISH. 
(London.) Joun L. SIMONSEN. 
(Edinburgh.) 


(Cambridge.) 
(Cambridge.) 
(London.) 


Ordinary Members of Council. 
Constituency I. (S.E. England.) (Three vancancies.) 


(Oxford.) RAYMOND J. W. LE FEvRrE. 
(London.) ALEXANDER R. Topp. 
(London.) HAROLD KENNETH WHALLEY. 
(Southampton.) 


(London.) 
(Cambridge.) 


(London.) 
StraNLEY H. HARPER. 


Constituency II. (Central & S.W. England.) (Three vacancies.) 


Witson BAKER. (Bristol.) Ceci, W. DAVIEs. 


(Aberystwyth.) 
Husert T. S. BRITTON. (Exeter.) MAURICE STACEY: 


(Birmingham.) 


Constituency III. (N.W. England, N. Wales, & Isle of Man.) (Zwo vacancies.) 


DonaLD H. Hey. (Wilmslow.) 


WILiiAM A. SEXTON. 
Dovctas W. HI. (Manchester.) 


(Manchester.) 
FRANK S. SPRING. 


(Manchester.) 


Constituency IV. (N.E. England.) (One vacancy.) . 
BRYNMOR JONES. 


- (Sheffield.) 


Constituency V. (Scotland.) (One vacancy.) 


JOHN MONTEATH ROBERTSON. (Glasgow.) 


FELLOWSHIP. ° 


The following 57 candidates were elected Fellows of the Chemical Society on January 18th, 1945 : 


Sidney Cyril Abrahams. Eva Maria Dresel. Josiah Alexander Lyons. 


Winifred Elisabeth Adams. William George Henry Edwards. William Roderick McLean. 
James Barrett. 


William Alfred Bayliss. 
William Gordon Bennett. 
John Howard Benney. 
Victor Biske. 
Norman Blakebrough. 
John Brinley Bowen. 
Francis Edward Husband 
. ee. 

oy Denys Brearley. 
Edgar George Brickell. 
Herbert Catlow. 
Peter Trevisa Clarke. 
Denis Coleman. 
Arthur Stanley Cook. 
ere 

yril Sidney Cull. 
Edna Mary Davidson. 


George Noble Spencer Farrand. 
Bernard Arterton Forder. 
James Alan Friend. 

Alphonse Michael Ghyselinck. 
Frederic Leathley Goodall. 
William Haining. 

Cyril George Hawkins. 

Fred Heyworth. 

Roy William Hodgkinson. 
Kenneth Howe. 

Herbert John Jones. 
Pandurang Narayan Joshi. 
Alexander Duncan Kemp. 
Edward Kenefec. 

George Wallace Kenner. 
George Leslie Kington. 
Kenneth Lees. 

Ernest Levy. 


ice Amy Matthews. 
Joseph Mayer. 
Philip Reginald Monk. 
Gwendoline Muriel Owen. 
Wilfred John Parker. 
Frederick Henry Plaster. 
Harold ‘William Charles Powell. 
Charat Ram. 
Felix Schwarz. 
Ian Harold Slicer. 
Helmut Strauss. 
Adam Tait. 
Joyce Tyler. 
Vincent Watson. 
Kenneth Edward Weale. 
Walter Cecil Wetherell. 
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PUBLICATIONS OF THE AMERICAN CHEMICAL SOCIETY. 


Postage, 


$1.50 
$2.40 


(1) Journal of the American Chemical Society 
(2) Chemical Abstracts 


(3) Industrial and Engineering Chemistry : 
(a2) Industrial Edition (monthly) and Analytical Edition (monthly), sold 
only as a unit 


(b) Chemical and Engineering News (semi-monthly) $0.60 
(a) and (5) together .............000 nininbectninetinn tiniilinenesendnadshineguscbnetthigehtives $2.85 


A discount of 10 per cent. is allowed on (1) and (2) when sent to same address and ordered ; 
the same time. No discount on (3). 

A special discount of 10 per cent. off all the above prices (exclusive of postage) is allowed t 
Fellows of the Chemical Society who are not Members of the American Chemical Society. 
Fellows residing in Canada pay one-third postage rates and for those residing in countries ip 

the Pan-American Union and Spain there is no charge for postage. 


Application should be made direct to the Secretary, American Chemical Society, 1155, Sixteenth 
Street, N.W., Washington, D.C., U.S.A. 


Chemical Reviews (bi-monthly, 2 vols. per year) pnenocnmnincesion | roe + po } $0 ae wa 


Application should be made to the Williams and Wilkins Company, Mount Royal and Guilford 
Avenues, Baltimore, Md., U.S.A. 


NoTE.—Permission to remit money abroad must be obtained through a Bank. 
The American Chemical Society is now prepared to accept new subscriptions for a limited period. 


$2.25 





LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the Honorary Secretaries 


not later than Monday, March 26th, 1945. Such objections will be treated as confidential. The forms of application an 
displayed in the Library.) 


*Asquith, Raymond Smith. Oxford and Cambridge Higher School Certificate. British. 9, Stony Lane, Eccleshill, 
Bradford. Student, Oriel College, Oxford. Signed by : Ronald P. Bell, D. Ll. Hammick, L. E. Sutton. 

(b)Bates, William Kenneth. British. Chemist, Chemical Inspection Department, Ministry of Supply. Signed by: 
W. H. Hadley, J. R. Gwilt, R. Sagar. 

*Battersby, Alan Rushton. British. Dalton Hall, Victoria Park, Manchester, 14. Student at the University of 
Manchester. Signed by : H. T. Openshaw, M. Polanyi, F. Fairbrother. 

tBoothman, Norah, B.Sc. (Leeds), A-R.I.C. British. 36, Cutenhoe Road, Luton. Teacher of Chemistry at Luton 
Technical College. Signed by : Peter F. Barker, C. H. Price, W. A. Wightman. 

*Bowes, Emmerson. Ordinary National Certificate R.I.C. British. 119, Princes Road, Ellesmere Port, Wirral. 
Laboratory assistant in Research and Development Laboratory of Lobitos Oilfields, Ltd. Signed by: V. Biske, 
F. S. Archer, L. McGrath. 

*Boyd, Daniel Robert John. British. 60, Worcester Road, E.17. Student and Laboratory Assistant. Signed by: 
E. de Barry Barnett, R. C. Watkins, Cecil L. Wilson. 

tBriggs, Arthur Stanley, B.A., and B.Sc. (Oxon.). British. 76, Arbory Avenue, Moston, Manchester, 10. Research 
Chemist. Signed by : W. Baker, H. A. Piggott, H. E. Jackson. 

tBromley, Wilfred, A.R.I.C. British. 1, Newborough Avenue, Great Crosby, Liverpool, 23. Works Manager and 
Analytical Chemist. Signed by: A. E. Findley, A. McGookin, Francis W. Kay. 

(b)Campbell, George, B.Sc.Hons. (Edin.). British. 42, Learmonth Grove, Comely Bank, Edinburgh. Assistant 
Wil, jeakien” Imperial Chemical Industries (Explosives), Ltd. Signed by : Neil Campbell, E. G. V. Percival, 

. J. Jenkins. 

(b)Carter, Philip Rufus, B.Sc.Hons. (Lond.), A.R.C.S., A.R.I.C. British. c/o British Schering Research Institute, Brook 
Lane, Alderley Edge. Research Chemist. Signed by: D. H. Hey, E. R. H. Jones, A. H. Cook, L. N. Owen. 

tChalmers, James, B.Sc. (Edin.). Scottish. 4, Angle Park Terrace, Edinburgh, 11. Assistant Chemist, Ministry of 
Supply factory. Signed by : Walter S. Cockayne, A. Scott Dodd, E. G. V. Percival, Neil Campbell. 

(a)Christian, Donald Boynton. Northern Universities School Certificate. English. High Croft, 43, West Road, 
Lancaster. Analytical Laboratory Assistant. Signed by : R. A. Cowin, J. Fell, F. Bell. ; 

(b)Cluley, Herbert Joseph, B.Sc. (Lond.), A.R.I.C. British. Hayles, 63, York Avenue, Wolverhampton. Analytical 
Chemist, Messrs. Chance Bros., Ltd. Signed by : W. M. Hampton, H. L. Haigh, E. H. Joiner. 

tCollinson, Harold Arthur, A.R.I.C., M.P.S., Dip. Biochemical Analysis. British. c/o Leicester, Lovell & Co., Ltd. 
Ebley Mills, Stroud. Chief Chemist. Signed by : C. A. Redfarn, A. H. Stevens, J. H. Collins. 

*Cross, Brian Edward, B.Sc.Hons. (Lond.). English. Chiswell House, Edenbridge. Research Student at Queen Mary 
College, London University. Signed by : H. D. K. Drew, W. J. Palmer, J. R. Partington. 
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navenport, Harold, Assoc. Manchester School Technology. British. The Southern Oil Co., Ltd. Chief Chemist 
Signed by : H. N. Griffiths, A. E. Williams, T. McLean. 
riaz, Roger Edmond, B.Sc.Hons. (Birm.). Swiss. 3, Bilton Rise, Bilton, Rugby. Research Chemist. Signed by : 
L. L. Bircumshaw, M. Stacey, Stanley Peat. 

Dodds, George Brown, B.Sc. and Ph.D. (Edin.), A.R.I.C. British. 18, Alloa Road, Carron, Falkirk. Industrial 
Chemist. Signed by : George B. Yuille, A. G. Murray, C. W. N. Holmes. 

Emery, William Bryan, B.Sc. (Lond.), A.R.I.C. British. Glaxo Laboratories, Ltd., Greenford. Research Chemist 
in Biochemical Laboratory. Signed by: F. A. Robinson, L. F. J. Parker, B. Arthur Hems. 

Herbert Charles, B.Sc. and Ph.D. (Bristol). British. 13, Handford Avenue, Eastham, Wirral. Research 
Chemist. Signed by : A. McGookin, Philip J. Garner, C. H. Johnson. 

)Evans, Rowland Arthen, B.Sc.Hons. (Wales). British. Bryn Awel, Capel Bangor, nr. Aberystwyth. Research 
Chemist with the Crookes’ Laboratories (British Colloids, Ltd.). Signed by : T. Campbell James, H. G. Poole, 
C. W. Davies. 

Donald Robert William, A.R.I.C. British. 75, Pondcroft Road, Knebworth. A Senior Chemist to Messrs. 
Roche Products, Ltd., fine chemical manufacturers. Signed by : Nathan C. Hindley, A. Cohen, F. Bergel. 
Charles Beckham, A.R.I.C. British. 32, Crossley Road, Burnage, Manchester, 19. Chemist, Experi- 
mental Officer, Ministry of Supply. Signed by : G. Baddeley, R. F. Garwood, A. F. H. Ward. 

Gill, John Ernest, B.Sc. (Lond.), F.R.I.C. British. 90, McGregor Avenue, Stevenston. Assistant Chemist. Signed 
by: F. D. Miles, N. Picton, R. Leslie Collett. 

Goodwin, Trevor Walworth, M.Sc. (L’pool), A.R.I.C., Diploma in Education. British. 9, Halsbury Road, Wallasey, 
Wirral. Research Chemist (extra mural) to the Ministry of Food. Signed by: R. A. Morton, T. P. Hilditch, 
R.T. Williams. 

*Gowenlock, Alan Hadfield, B.Sc.Hons. (Manc.). British. 60, Ronald Street, Clarksfield, Oldham. Research Student 
at Manchester University. Signed by: F. S. Spring, G. T. Newbold, A. E. Gillam. 

*Green, Derek Albert. Passed 3rd year Final Examination in Chemistry, Tottenham Polytechnic, 100% hons. British. 
12, Bromley Road, Edmonton, N. 18. Chemical Assistant, Research Laboratory, British Celanese, Ltd. Signed 
by: G. G. Richardson, F. Bryans, G. F. Harding, G. W. Tunnah, B. Ellis, Roger Paget. 

Gregory, John Edwin, B.Sc. (Birm.), A.R.I.C. British. The Poplars, Woodhouses, Burntwood, Lichfield. Lecturer in 
Chemistry at Coventry Technical College. Signed by : M. Stacey, L. L. Bircumshaw, F. W. Pinkard. 

(b)Hardie, Thomas Reid. Higher National Certificate in Chemistry. British. Assistant III, Royal Ordnance Factory. 
Signed by : Andrew R. Somerville, F. Rumford, Henry G. A. Anderson. 

{Harvey, Frank Emery, B.Sc. and Ph.D. (Bristol). British. Riftswood, Hartburn Avenue, Stockton-on-Tees. Chemist. 
Signed by : M. P. Applebey, A. J. Prince, D. Summers. 

*Haszeldine, Robert Neville, B.Sc.Hons. (Birm.). British. 87, Bournbrook Road, Selly Park, Birminghan, 29. 
Research Chemist taking Ph.D. course at Birmingham University employed by Department of Scientific and 
Industrial Research. Signed by: L. L. Bircumshaw, M. Stacey, Stanley Peat. 

tHedley, Christopher Stelling, A.R.I.C. English. 30, Harstoft Avenue, Worksop. Works Chemist, Refractories. 
Signed by : Alan L. Bradley, Walter J. Rees, Harold A. Scarborough. 

tHirsch, Benjamin Woolf, B.Sc. and Ph.D. (Lond.), A.R.C.S., D.I.C. British. 59, Attimore Road, Welwyn Garden 
City. Plant Manager, I.C.I., Ltd. (Plastics Division). Signed by : Malcolm Gillies, Frank Langford, R. G. Heyes. 

{Holden, Ian George, B.Sc.Hons. (Lond.), A.K.C. English. Braeside, Ridgemead Road, Englefield Green. Research 
Chemist. Signed by : Chas. E. Clarkson, E. B. Maxted, T. Malkin. 

(b)Hollingsworth, Brian Laurie. Inter.B.Sc. British. 336, High Road, Chadwell Heath. Student at Queen Mary 
College. Signed by : J. R. Partington, V. A. Petrow, H. D. K. Drew. 

{Holmes, Norman Limon, F.R.1.C. British. 26, Hull Road, Cottingham. Departmental Works Manager, Chief 
Chemist and Director of Richard Hodgson and Sons, Ltd. Signed by : A. Cheshire, P. S. Gordon, J. N. Blake. 
(b)Holt, Arthur, B.Sc.Hons. (Lond.), A.R.I.C. British. 64, Lee Gate Lane, Harwood, Bolton. Assistant Research 

Chemist. Signed by : R. Calvert, A. Topham, A. L. Hock. 

(b)Hood, Stewart Angus, B.Sc. (Glas.), A.R.I.C. British. c/o 9, Lawson Road, Southsea, Portsmouth. At Admiralty 
Chemical Pool. Signed by : L. Crombie, David Wyllie, R. Leslie Collett. 

tHowlett, Keith Eric, B.Sc. (Lond.), A.R.C.S. British. 26, Tachbrook Road, Uxbridge. Assistant III D.S.I.R. 
engaged on chemical research on road tar. Signed by : L. Maddison, E. J. Dickinson, E. H. Green. 

Leslie Polan, B.Sc. (Lond.), A.R.I.C. British. 12, Scott Road, Kettering. Chemist, The British Boot, 
Shoe and Applied Trades Research Association. Signed by : F. J. Llewellyn, D. J. G. Ives, George W. Ferguson. 

flack, Andrew Keith, M.Sc. (Melb.), F.R.I.C., F.A.C.I. (Australia). British. 49, Aroona Road, Caulfield, S.E. 7, 
Melbourne. Assistant-Manager, Commonwealth Government Explosives Factory. Signed by: D. H. Peacock, 
R. Spence, R. J. W. Le Févre. 

(}\James, Arthur Edwin, B.Sc.Hons. (Birm.). British. 44, Bulstrode Avenue, Hounslow. Research Chemist with 
Messrs. Williams (Hounslow), Ltd. Signed by : F. Thomas, Herbert. Levinstein, Wm. Bennett. 

Weffers, Francis George, A.R.I.C. British. 21, Crescent Road, Marland, Rochdale. Research Chemist. Signed by : 
Philip V. Youle, H. E. Jackson, R. H. Thomson. 

Neffery, Norman Charles Jabez, B.Sc. (Lond.), F.R.I.C. British. 4, Park Mead, South Harrow. Technical Chemist. 
Signed by : A. L. Bacharach, E. Lester Smith, A. F. Lerrigo. 

Wohnston, Robert Goodman, M.A., B.Sc., and Ph.D. (St. Andrews). British. Blandfield Chemical Works, Wheatfield 

? Road, Edinburgh, 11. Chemist. Signed by : John Read, John Dewar, James Y. Macdonald. 

Jones, Lynn Francis, B.Sc.Hons. (Wales). British. Llwyn-yr-Eis, Llantwit Road, Treforest. Technical Assistant, 
Ministry of Supply. Signed by : W. J. Jones, N. M. Cullinane, Kathleen Lathbury. 

(a)Keleti, Cornelius. Special Chemistry (Part (a) of B.A. Cantab.). Hungarian. 12, Cromwell Crescent, S.W. 5. 
Assistant Chemist engaged in research work on Electrochemical deposition. Signed by: R. G. Willcocks, 
J. B. Whitworth, J. W. Oswald. 

(b)Kelsall, Robert William. Cambridge School Certificate, National Certificate in Chemistry (Student of the Royal 
Institute of Chemistry). British. 26, Cedar Road, Marsh, Lancaster. Junior Assistant Chemist, Messrs. Lunevale 
Products, Ltd. Signed by: F. Bell, Maurice FitzGibbon, R.A. Cowin. 
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*Keneford, James Ridley, B.Sc.Hons. (Dun.). British. 20, Kay Street, West Stanley. Research Student, School, 
Tropical Medicine, Liverpool. Signed by: J. C. E. Simpson, A. McGookin, R. A. Morton. 

+Kennedy, Thomas, M.Sc. and Ph.D. (Manc.), F.R.I.C.,M.I.Pet. British. c/o The Vigzol Oil Refining Co. (Ldn.), Lt 
Eastney Street, Greenwich, S.E.10. Research Chemist. Signed by : E. R. H. Jones, A. E. Gillam, F. S. Sprip, 

*King, Trevor John, B.A. (Oxon.). British. 14, Warwick Street; Oxford. Research Chemist. Signed by : Ronald 
Bell, F. E. King, J. C. Smith. 

tLaidler, Douglas Stuart, B.Sc.Hons. and Ph.D. (Dun.), A:R.I.C. British. c/o Messrs. Wild Barfield Electric Furnags 
Ltd., Watford By-Pass, Watford. Research Chemist and Metallurgist. Signed by: E. W. Haywood, H, 
Riley, K. H. Jack. 

(b)Land, Ernest George Evelyn, B.Sc.Hons. (Lond.), Student Royal Institute of Chemistry. British. 11, Laurel Aveny 
Wellsted Street, Hull. Serving with the R.A.F. Signed by : L. Balmforth, W. A. Rutherford, M. D. Rogan. 

*Lawson, Gregory John, B.Sc.Hons. (Birm.). British. 25, Cubley Road, Hall Green, Birmingham, 28. Chemic, 
Research Worker, University of Birmingham. Signed by: L. L. Bircumshaw, Stanley Peat, M. Stacey. 

tLay, James Owen. Inter.B.Sc., Student of the Royal Institute of Chemistry, 13 years commercial experience. Britis) 
8, Bradford Road, Seven Kings. Metallurgical Chemist. Signed by : Arthur I. Vogel, E. R. Wellburn, E. F. Pello 

(b)Lindley, George. Student of The Royal Institute of Chemistry. British. 12, Ederoyd Crescent, Stanningley 
Nr. Leeds. Leading chemist engaged mainly on metallurgical analysis and also industrial chemical problems 3 
Research Department, The English Electric Co., Ltd. Signed by : H. I. Stonehill, L. G. Miller, R. Gill. 

(b)Lister, Bryan Alfred Jack, M.Sc.(Lond.), A.R.I.C., A.R.C.S., D.I.C. British. 6, Connaught Gardens, Muswell Hil, 
N. 10. Research Chemist at Philips Laboratories. Signed by : C. H. R. Gentry, M. L. Smith, S. L. Martin. 

tLong, Sidney George, A.R.I.C. British. 4, Harewood Drive, Ilford. Chemist. Signed by: Kenneth J. Verrill 
J. W. Keyser, J. A. R. MacLean. 

tLowther, Harry Vincent, B.Sc. (Lond.), A.R.I.C. British. 15, Victoria Street, Brierly Hill. Analytical and Research 
Chemist, Messrs. Cannon Inn Foundries Co., Ltd. Signed by : L. L. Bircumshaw, M. Stacey, E. J. Bourne. 

*Lyons, Lawrence Ernest, B.Sc. (Sydney). British. 3, Rehola Court, Clarendon Road, Strathfield, N.S.W. RAAF. 
(Aircrew). Signed by: J. C. Earl, C. E. Fawsitt, Thomas Iredale. 

*Macey, Alan, B.Sc.Hons. (Birm.). British. 12, Watling Street, Strood, Rochester. Research Student, Birmingham 
University. Signed by: L. L. Bircumshaw, M. Stacey, S. R. Carter, Stanley Peat. 

tMcGill, Eric Frederick George, A.R.I.C. British. 27, Marble Hill Gardens, Twickenham. Research Chemist. Signed 
by : H. H. Symonds, B. G. Welsh, W. E. Scott. 

tMcLean, Robert Foster, A.H.W.C., A.R.I.C. British. Allen and Hanburys, Ltd., Ware. Assistant Research Chemist. 
Signed by : Norman R. Campbell, Norman Evers, C. J. Eastland. 

Marriott, Robert Henry, D.Sc. (Leeds), F.R.I.C. British. 21, Oxford Court, Queens Drive, W.3. Chief Chemist, 
County Perfumery Co., Ltd. Signed by: W. W. Myddleton, W. McGeorge, D. Jordan Lloyd. 

tMarsden, William, A.R.I.C. British. 8, Bishops Road, Benwell, Newcastle-upon-Tyne, 5. Chief Chemist, J. and 
H. S. Pattinson. Signed by : W. Gordon Carey, Wesley Cocker, Richard Raper. 

tMarshall, James Currie, B.Sc: (Glas.), F.R.I.C. British. c/o Messrs. Barry, Ostlere & Shepherd, Ltd., Forth Works, 
Kirkcaldy. Chief Chemist. Signed by : Dennis C. Beese, G. G. Pullen, R. Leslie Collett. 

(a)Martin, Alexander Lawson, B.Sc. (Edin.). British. 8, Bank Street, Whitburn. Analytical Chemist, Scottish Oils, 
Ltd. Signed by : Mowbray Ritchie, Neil Campbell, E. G. V. Percival. 

tMartin, Stanley Reginald William, Ph.D. and B.Sc. (Lond.), A.R.C.S., D.L.C., F.R.1.C. British. 84, Southam Road, 
Hall Green, Birmingham, 28. Resin Manager, A. Holden & Sons. Signed by: W. F. A. Thorpe, R. J. Doyle, 
E. G. K. Pritchett. 

(a)Mason, Stephen Finney, B.A.Hons. (Oxon.). British. Wadham College, Oxford. Chemical research for Part II 
of B.A. and for B.Sc. Signed by : Ronald P. Bell, D. Ll. Hammick, S. G. P. Plant. 

tMinor, Roland Gordon, F.R.I.C., Ph.C. English. 18, Thornhill Road, Llanishen, Cardiff. Assistant Public Analyst, 
Cardiff Corporation. Signed by : H. B. Watson, J. F. J. Dippy, R. Leslie Collett. 

tMilligan, James, A.R.I.C. British. c/o M. Barr & Co., Ltd., 110, Dobbies Loan, Glasgow; C. 4. Chief Chemist and 
Technical Director, M. Barr & Co., Ltd. Signed by : I. Vance Hopper, A. B. Crawford, W. M. Cumming. 

tMontgomery, Fred Harding, M.Sc.Tech.(Manc.), A.R.I.C. British. 60, Linden Road, Levenshulme, Manchester, 19. 
gw cag in Applied Chemistry, College of Technology, Manchester, 1. Signed by : J. Kenner, R. F. Garwood, 

> eley. 

Murdoch, Kenneth Alexander. B.Sc. subs. Physics, taking London B.Sc. special exam. in Chemistry shortly. British. 
116; Cleveland Road, Sunderland. Analytical and Research Chemist. Signed by : W. S. Patterson, H. L. Riley, 
J. H. Wilkinson. ; 

tOttaway, James Henry, B.Sc.Hons. (Lond.). British. c/o The Anglo Iranian Oil Co., Ltd., Abadan, S. Iran 
Assistant Chemist. Signed by : Roy W. Goodrich, D. O. Jordan, John C. Roberts. 

(a)Overton, John Desmond. Chemistry in H.S.C. 34 years analytical chemistry experience. British. Purbeck, 
ew Road, Balsall Common, Nr. Coventry. Laboratory Assistant. Signed by: J. H. Burton, T. R. Andrew, 

tParke, Victor E., M.A. and D.Sc. (Edin.), A.R.I.C. Scots. 353, Norton Road, Stockton-on-Tees. Intelligence 
‘Officer, Messrs. I.C.I., Ltd. Signed by : G. I. Higson, A. J. Prince, R. Leslie Collett. 

tParkes, James, A.R.I.C., A.C.T.C. (Birm.), A.I.M.L.T. British. Glen Lyn, Bourne Avenue, Quinton, Birmingham, 3?. 
ee Biochemist to the Queen Elizabeth Hospital, Birmingham. Signed by : Garfield Thomas, R. E. Essery, 

tPayne, John, B.Sc.Hons. (Wales), A.R.I.C. British. R.A.O.C. Officers’ Mess, H.M. Gun Wharf, Chatham. Captail, 
Royal Army Ordnance Corps, previously Research Chemist at British Celanese, Ltd. Signed by : R. Leslie Collett, 
H. J. T. Ellingham, Alex. Findlay. ° Pe 

tPayne, Norman Sidney. Subsidiary Physics for B.Sc. (Special) London to be taken in December, 1945. British. 
508, Stapleton Road, Eastville, Bristol, 5. Analytical Chemist, I.C.I. (General Chemicals), Ltd. Signed by: 
E. B. Maxted, L. A. Wiseman, Arthur Marsden, T. Malkin. 

(a)Payne-Roberts, Clifford Edward. British. 41, Crayford Road, Erith. Analytical Chemist (Metallurgical). Signed 
by : G. H. Jeffery, D. M. Cowan, Arthur I. Vogel. 
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illips, James Norman Fulton. 8 years laboratory experience; 27 years practical experience in charge of processing 
in Textile Mills; . Ist Class City and Guilds of London Institute Certificates in Linen and Cotton Bleaching and 
Finishing. British, Glenanne Villas, Glenanne, Co. Armagh. Head of the Finishing and Processing Department 
in a Textile Manufacturing, Dyeing and Finishing Works. Signed by.: Henry Wren, H. Graham, .R..C. Pink. 

Pinnington,- William Austin, F.R.I.C. British. Brantwood, Old Hall Road, Salford, 7. Managing and Technical 
Director, Pinnington, Dawson & Wood, Ltd., Chemical Manufacturers. Signed by :. F. S. Spring, A. E. Gillam, 
H. T. Openshaw. 

Plant, Jack, B.Sc.Tech.Hons. and M.Sc.Tech. (Manc.). British. 11, Kersley Street, Oldham. Chemist in the employ- 
ment of The Clayton Aniline Co., Ltd. Signed by « G. Spencer, D. S. Stephens, C. G. Childs. 

2ea4 John Hinton, B.Sc.Hons. (St. Andrews). British. Crewe Hall, Clarkehouse Road, Sheffield, 10. Experimental 
Officer, Armament Research Department, Ministry of Supply. Signed by : D. Woodcock, R. D. Haworth, Brynmor 
ones. 

ve Ellis Gwynne, B.Sc.(Lond.), A.R.I.C. British. 16, Bodwyn Park, Gresford, Nr. Wrexham. Plant Chemist. 
Signed by : W. D. Scott, J. W. Barrett, J. Valon Head. 

Pritchett, Cyril Wolfe, M.Sc.(Lond.), A.R.C.S., A.R.LC., D.I.C. British. 230, College Street, Long Eaton. Works 
Chemist (technical development, penicillin). Signed by : R. Banks, H. Barnes, T. Hagyard. 

a)Ramage, James Topley, Diploma of the Royal Technical College, Glasgow, in Chemical Science. British: 43, Tinto 
Road, Newlands, Glasgow, S.3. Works Chemist, Messrs. W. B. Dick and €o., Ltd. Signed by: F. Rumford, 
John A. Cranston, H. G. A. Anderson. : 

Ricketts, Colin Robert, B.Sc.(Birm.). British. 45, Willow Avenue, Edgbaston, Birmingham, 17. Research Student, 
University of Birmingham. Signed by: L. L. Bircumshaw, Stanley Peat, M. Stacey. 

Roberts, William Guy, B.Sc.(Lond.), A.R.I.C. British. Chemist, Acid Section, R.O.F Signed by: D. A. Liddell, 
F. W. Harris, J. Whittaker. 


Sheffield University. Signed by : R. D. Haworth, Brynmor Jones, E. Gertrude Turner. 

(a)Sagrott, Peter Ernest, B.Sc.Hons. (Birm.). British. 28, Bournbrook Road, Birmingham, 29. Research Chemist 
under Colonial Products Research Council. Signed by: M. Stacey, Stanley Peat, L. L. Bircumshaw, S. R. Carter. 

Shaw, Eric, B.Sc.Tech. (Manc.). English. Melbrek, Carr Wood, Hale. Departmental manager in the works of dye- 
stuffs manufacturer. Signed by : G. Spencer, J. Lockett, John Walker. 

Smith, Henry Owen. British. 99, The Mall, Swindon. Reading Chemistry for Part II of the Natural Science Tripos 
at Cambridge University. Signed by : F. G. Mann, H. McCombie, B. C. Saunders. 

*§mith, Kenneth Cecil. British. 15, St. Aubins Avenue, Sholing, Southampton. Student in the Chemistry Depart- 
ment of University College, Southampton. Signed by: S. H. Harper, Ishbel G. M. Campbell, H. W. B. Reed. 
{a)$mith, Thomas David, B.Sc.Hons. (Lond.). British. 153, Chillingham Road, Heaton, Newcastle-upon-Tyne, 6. 

Research Chemist, King’s College, Newcastle-upon-Tyne, 2. Signed by : K. H. Jack, H. E. Blayden, H. L. Riley. 

(b)$mith, William Keith, B.Sc.(Edin.). British. c/o Kilroy, 1, Cumberland Avenue, Park Royal, N.W.10. Food 
Analyst. Signed by : W. Davey, J. O’Mara Bockris, E. B. Anderson. ‘ 

Snashall, Arthur Frederick Edmund, A.R.I.C. English. Broadlands, Runtlings, Ossett. Research Chemist and 
Assistant Works Manager. Signed by : R. Leslie Collett, A. Ninian McNamara, H. J. T. Ellingham. 

{Stothard, Thomas Hall, A.R.I.C. British. 3, Petersham Drive, Alvaston, Derby. Research Chemist, British Celanese, 
Ltd. Signed by: S. A. Miller, W. Hunter, P. F. C. Sowter. 

Stringfellow, Roy. Chemist and Druggist, M.P.S. British. 58, Park Road South, Birkenhead. Pharmacist. Signed 
by : A. McGookin, Francis W. Kay, A. Robertson. 

{Suirin, Reuben, B.Sc.Hons. (Lond.), A.R.I.C. British. 183, Colchester Road, Leyton, E10. Biochemist, County 
Hospital, Farnham, and Lecturer in Bacteriology, S. E. Essex Technical College, Dagenham. Signed by: D. R. 
Dickinson, J. Barrett, R. W. Jukes. 

Swannell, Bertram George, B.Sc.(Birm.). British. 115, Bedford Road, Wootton, Bedford. Lecturer, Luton Technical 
College. Signed by : L. L. Bircumshaw, F. W. Pinkard, M. Stacey. 

Tamnoky, Andras Laszl6, B.Sc.Tech. (Manch.). Hungarian. 49, Cyrjl Mansions, Prince of Wales Drive, S.W.11. Post- 
graduate student. Signed by : J. Kenyon, M. P. Balfe, A. Houston. 

{Taylor, Donald Bryce, A.R.I.C. British. 55, Nqok Rise, Wavertree, Liverpool, 15. Analytical Chemist. Signed by : 
Hubert M. Thompson, M. L. Meara, A. McGookin. 

{Taylor, George William Charles, B.Sc. (Lond.), A.R.I.C., A.R.P.S. British. Scientific Officer (Research Chemist), 
Armament Research Department. Signed by : F. Stansfield, Stanley L. Thomas, T. M. Walters. 

{Thornton, Maurice James, B.Sc. (Lond.), A.R.I.C. British. 49a, Barlow Moor Road, Didsbury, Manchester, 20. 
Research Chemist. Signed by : C. C. Addison, J. P. Rogers, A. R. Pinder. 

tTonner, Daniel, A.R.I.C. British. No. 8, Sandringham Terrace, Esplanade, Greenock. Chief Process Chemist, 
ere John Walker & Co. (Sugar Refiners), Ltd. Signed by: F. Rumford, Henry G. A. Anderson, W. M. 

umming. 

{Tréfouél, Jacques, D.és S., Member of Academie de Médicine. French. Pasteur Institute, 28, Rue de Docteur Roux, 
Paris. Director of the Pasteur Institute. Signed by : C. R. Harington, Harold King, James Walker. 

{Vineall, George John Charles, B.Sc.(Lond.), F.R.I.C. British. 2, Valley Close, Alwoodley, Leeds. Chief Chemist, 
Ragosine Oil Co., Ltd. Signed by : John Barritt, R. Leslie Collett, Henry Phillips. 

{Warner, Lionel William, A.R.I.C., Graduate of the Institution of Chemical Engineers. British. 39, Limes Gardens, 
Wimbledon Park Road, Southfields, S.W. 18. Analytical Chemist and Chemical Engineer. Signed by: R. L. 
Edwards, A. J. V. Underwood, F. A. Lyne. ~ 


ttaker, Charles Vernon. A.I.D. approved chemist. Served 3 years articles with the late Joseph Lones, F.R.I.C., 
FCS., Public Analyst. British. 12, Terry Street, Dudley. Chief Assistant Chemist to Joseph Lones Laboratories. 
Signed by : George H. Walker, V. S. George, Percy A. Tucker. 

Williams, Ralph, B.Sc. (Lond.), F.R.I.C. British. Westaways, Western Road, Goole. Works Chemist. Signed by : 
A. B. Gordon, J. Logan, R. Leslie Collett. 
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t Williams, Reginald, B.Sc.Hons. and Ph.D. (Lond.), F.R.I.C. British. 308, Park Road, Cwmparc, Treorchy, Rhong; 
Chief Chemist, Nipa Laboratories, Ltd. Signed by : H. B. Watson, J. Ormston, W. D. Williams. 

(b) Willison, Geoffrey, A.R.I.C. British. 6, Third Avenue, Bradford Moor, Bradford. Works Chemist. Signed }y 
J. M. Barrer, H. I. Stonehill, J. M. Phillipson. 

tWootten, Geoffrey Ronald. 11 years experience in industrial analytical and research chemistry. British. Fiat 
92, Westwood Hill, Sydenham, S.E. 26. Assistant Chemist. Signed by : W. Cunliffe, L. E. Campbell, Em. 
A. Rudge. 

(b)Zatman, Leonard Joseph, B.Sc. (Lond.), A.R.I.C. British. 7, Bellott Street, Manchester, 8. Research Chemis 

employed by Medical Research Council. Signed by : G. Leaf, H. S. Raper, A. Burawoy. 





UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 
Hill, L. M., M.Sc. (Pietermaritzburg). Leather Industries Research Institute, Rhodes University College, Grahamstow, 


























Research Officer in Inorganic Chemistry at the Leather Industries Research Institute, Grahamstown. Signed by Th 
S. G. Shuttleworth, W. F. Barker. Hoste 
tHolbrook, George Edward, Ch.E., M.S., and Ph.D. (Michigan). U.S.A. Jackson Laboratory, E.I. du Pont de Nemo 
& Co., P.O. Box 525, Wilmington, 99, Delaware. Assistant Director, Jackson Laboratory. Research in ty °P 
organic chemicals field. Signed by : W. S. Calcott, J. M. Tinker. 3ist, J 
tWang, Sigmund. Chemical Engineer, Oslo Technical Institute. Manufacturer of wood Cellulose for Cellulose Products Ordin: 
Canadian. 25, Allen Street, Hawkesbury, Ontario. Manager of Laboratories, Canadian International Papellm on the 
Company. Signed by : George R. Smith. Memb 
* Reduced annual subscription. t Three-body. (a) Junior Membership two-body. (d) Te 
t Two-body. (b) Junior Membership three-body. At 
Bond 
(paya 
PAPERS RECEIVED Q 
List of papers received between January 18th and February 15th, 1945. (This list does no DSc. 
include the titles of papers which have been read at a Scientific Meeting or which have appeared in th Profe: 
Journal.) 
“‘ The determination of small amounts of aluminium in spelter.’’ By F. F. Pottak and E. F. PEttowe, 
“The properties of freshly formed surfaces. Part V. A velocity-time equation for adsorption to Hi 
dynamic surfaces.’’ By C. C. ADDISON. MA 
“‘ Experirnents in the piperidine series. Part I.’”’ By A. H. Cook and K. J. REEp. By k 
“Experiments in the coeroxene and cceramidine series.’’ By A. H. Cook and W. WApDINGTON. (By 
“ A new synthesis of olivetol.’”” By R. M. ANKER and A. H. Cook. 
“‘ Apparatus for microtitrations with a glass electrode.’’ By J. R. Catcu, A. H. Cook, and J. A. 
KITCHENER. ; 
“On the theory of Brénsted’s relation in acid-base catalysis.’’ By J. WEIss. 
“‘ Dipole moment, acidity, and stereomerism.’’ By A. Burawoy. 
“ Low pressure isothermals and heats of sorption.”” By A. G. Foster. li 
“The sorption of condensible vapours by porous solids. Part II. The validity of Gurwitsch’s rule." 7, }, 
By D. N. Broan and A. G. Foster. 
“‘ Comparative isothermals of H,O and D,O on porous solids.” By D. N. Broan and A. G. Foster. 
“ Studies in the detoxication of catalyst poisons. Part I. General survey of some detoxicants.” By 
E. B. MAXTED. 
“Nitration of 4-chloroquinaldine and 4-hydroxyquinaldine.”’ By (Miss) B. E. Hatcrow and 
W. O. KERMACK. L 
“‘ By-products in aromatic nitration. Part II. Nitration of diphenyl, quinoline, and benzophenone.” # meet 
By G. M. Bennett and J. F. Grove. of Cr 
‘‘ New, syntheses of heterocyclic compounds. Part III. Azaphenoxazines.” By V. A. PErrow and 
E. L. REWALD. : 
‘Colchicine and related compounds. Part V. The structure of Windaus’s deaminocolchinol methyl L 
ether.” By N. Barton, J. W. Cook, and J. D. Loupon. To b 
“The metal-catalysed reaction between acetylene and hydrogen. Part III. Some effects of added 
substances on the reaction over nickel.” By J. SHERIDAN. 
“‘ The metal-catalysed reaction between acetylene and hydrogen. Part IV. Reaction over platinum.” 
By J. SHERIDAN. A 
“‘ The rapid determination of copper in brass.’’ By F. F. Potztak and E. F. PELLowE. 
“‘ Compounds related to 4 : 4’-diaminodiphenylsulphone.’’ By H. Burton and E. HoGGaRT#. 


“The action of thionyl chloride on 2 : 4-dimethylthiazole-5-carboxylic acid.’’ By W. R. Boon. 





March, 1945 


THE CHEMICAL SOCIETY 





NOTICE OF FORTHCOMING SCIENTIFIC MEETINGS 


IN LONDON (Burlington House). 


Thursday, April 19th, 1945. 


The Hundred and Fourth Annual General Meeting of the Chemical Society will be held at Burlington 
House on Thursday, April 19th. At 11.30 a.m. the business portion will be held: (a) To receive the 
Report of Council, together with Statements of Accounts and Balance Sheets for the year ended December 
3ist, 1944; (6) To declare the election of Professor H. V. A. Briscoe as Honorary Secretary and of Elected 
Ordinary Members of Council for Constituencies IV and V; (c) To receive the report of the Scrutators 
on the ballot for Vice-Presidents who have not filled the office of President, and for Elected Ordinary 


Members of Council for Constituencies I, II, and ITI, and to declare the names of the Fellows duly elected ; 
(d) To appoint Auditors for 1945. 





At 12.45 for 1 p.m. Luncheon will be held at Stewart’s Restaurant (corner of Piccadilly and Old 


Bond Street), and the price will be five shillings and sixpence (5s. 6d.), including coffee and gratuities 
(payable at the restaurant). 


At 2.30 p.m. The Longstaff Medal for 1945 will be presented to Professor N. V. Sidgwick, C.B.E., 
DSc., F.R.S., and the Harrison Memorial Prize for 1944 to Dr. Leslie F. Wiggins. The President, 
Professor W. N. Haworth, D.Sc., F.R.S., will deliver his Presidential Address entitled: ‘‘ Starch.”’ 


Thursday, May 17th, 1945, at 5 p.m. 


Hugo Miiller Lecture, on “‘ The Past and Future of Crystal Chemistry,’ by Professor J. D. Bernal, 


M.A., F.R.S. To be held in the Lecture Theatre of the Royal Institution, Albemarle Street, W. 1. 
(By kind permission of the Managers.) 





OUTSIDE LONDON. 


ST. ANDREWS AND DUNDEE. 
Thursday, April 26th, 1945, at 4.30 p.m. 





Lecture on “‘ The Structure and Chemistry of Metallic Crystals,” by Professor G. D. Preston, Sc.D. 
To be held in the Chemistry Department, University College, Dundee. 


SHEFFIELD. 
Friday, May 11th, 1945, at 6 p.m. 





Lecture on ‘‘ Recent Developments in Petroleum Technology,” by Dr. A. E. Dunstan. Joint 
meeting with the University Chemical Society and the South Yorkshire*Section of the Royal Institute 
of Chemistry. To be held at the University, Western Bank. 


Friday, May 25th, 1945, at 6 p.m. 


Lecture on ‘‘ The Place of the- Resonance Concept in Chemistry,’’ by Mr. R. P. Bell, M.A., F.R.S. 
To be held at the University, Western Bank. 





SOUTH WALES. 
At Cardiff. 


Thursday, May 24th, 1945, at 7 p.m. 


Hugo Miiller Lecture, on “‘ The Past and Future of Crystal Chemistry,’’ by Professor J. D. Bernal, 
MA., F.R.S. To be held at University College. 











PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 





Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, Piccadilly, W. 1, on Thursday, Mareh 15th, 1945, at 2.30 p.m. 


The PRESIDENT, PROFESSOR W. N. HAwortu, D.Sc., F.R.S., was in the Chair, and welcomed the 
visitors present. 


MINUTES. 
The Minutes of the Scientific Meeting of February 15th, 1945, were,taken as read and were signed. 


FORMAL ADMISSION OF FELLOWS. 
The following were admitted Fellows of the Chemical Society : G. W. Wrzeszinski, I. G. C. Dryden, 


G. Kohnstam, Helmut Strauss, Joyce W. E. Brading, W. A. Smeaton, P. A. Griffin, R. J. Cole, Frank 
Shedden. 


LIVERSIDGE LECTURE. 
After a brief introduction, the President called on Professor E. K. Rideal, F.R.S., to deliver the 
Liversidge Lecture, entitled ‘‘ Reactions in Monolayers.” 


At the conclusion of the lecture, a vote of thanks to the Lecturer, proposed by PRoFessor A. FInp1ay, 
was carried with acclamation. 





OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regret to announce the deaths of the following Fellows : 
Elected. Died. 
John Ewart Trounce Barbary February 5th, 1945. 
Marmaduke Barrowcliff March 7th, 1945. 
Wilbraham Tollemache Arthur Edwards Early in 1944. 


Oliver Quibell February 19th, 1945. 
Sir Duncan Randolph Wilson March Ist, 1945. 


CONGRATULATIONS. 
The Council have sent congratulations to Mr. Walter Collingwood Williams, who completed 60 years 
of Fellowship on March 5th. 
HONORARY FELLOWS. 
The following have been nominated by the Council as Honorary Fellows of the Society : 
Sir Henry H. Dale, O.M., G.B.E., P.R.S. 
Professor V. M. Goldschmidt. 


. Professor Frederic Joliot. 
Professor Harold C. Urey. 


Fellows wishing to lodge objections to the election of these should communicate with the Honorary 
Secretaries not later than Monday, May 14th, 1945. 


ACKNOWLEDGMENTS. 
The thanks of the Council have been u oiled to: 


(a) Dr. F. H. Carr for a contribution to commemorate his completion of 50 years of Fellowship. 


(b) Messrs. A. J. Clement, T. H. Hills, and W. H. Woodcock for presenting publications of the 
Society. 


(c) The Faraday Society and the Institute of Brewing for contributions to the Library. 
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RESEARCH GRANTS. 


Grants of £20 and £15, respectively, have been made to Mr. E. A. Braude (Imperial College) for 
a research on “‘ Substituent effects in the oxotropic formation of the styrene system,’’ and to Mr. Hugh 
W. B. Reed (University College, Southampton) for a research on ‘‘ Experiemnts in thé synthesis of 
pyrethrins.’” 


ELECTION OF SCRUTATORS. 


Dr. Mary S. Lesslie and Mr. L. S. Theobald have been appointed Scrutators to examine the voting 
pers for Vice-Presidents who have not filled the office of President and for Elected Ordinary Members 
of Council for Constituencies I, II and ITI. 


FELLOWSHIP. : 
The following 107 candidates were elected Fellows of the Chemical Society on February 15th, 1945: 


William Christopher Abbott. 

. Lewis Charles Anderson. 
Paul Arnall. 
Eric George Victory Barrett. 
Arthur Baxter. 
Roger John Sidney Beer. 
Charles Montague Bere. 
Tom Harry Bevan. 
Warwick Bottomley. 
Eric Arthur Boyce. 
Thomas Gerard Brady. 
Charles Broomhead. 
Sydney Glenroy Campbell. 
George Humfrey Neville Chamber- 

lain. 
Frank Chapman. . 
Sylvester John Herbert Owen 
Chard. 

Romney Coles. 
Richard Michael Comely. 
Raphael Consden. 
Edward Vincent Cooke. 
Ronald Lifton Cooper. 
Victor Terrell Crowl. 
Keith Dalziel. 
John Keith Dawson. 
Joseph James Doyle. 
Emil E. Dreger. 
Leonard Cartlidge Dutton. 
Ben Edgington. 
David Wilfred Shawyer Evans. 
John Pindar Firrell. 

‘John Henry Ford. 
Robert Alexander Fraser. 
Frank Gardner. 
William Ewan Gibbon. 
Dennis Gordon-Teall. 


Steffi Guttmann. 

Roy Hammond. 

Cedric Herbert Hassall. 
Levi Mellor Hill. 
Gwendoline Ruth Hilldrith. 
David Oliver Holland. 

John Arthur Homer. 
Thomas Edward Victor Horsley. 
William Howieson. 
Raymond George Humphreys. 
Thomas Hutchison. 

Gerald Charles Hutton. 
Donald William Ingram. 
Anthony Harmsworth Kaye. 
Hugh Edward Kelly. 

Ernest Kilner. 

Jack Lawrence. 

David Lockwood London. 
Kenneth William Longbottom. 
Archibald T. Mackie. 

Ian Marshall. 

Lawrence MacKenzie Miall. 
Ronald Bruce Miller. 

James Mills. 

Harold Senior Mitchell. 
John Mitchell. 

Frank Anthony James Moss. 
Charles Walter Munday. 
George Frederick Neesham. 
Norman Olsen. 

William John Owen. 

Philip George Owston. 
Charles Wilfred Palmer. 
Maurice Herbert Pearson. 
John Bescoby Poole. 

John Prosser. 





Stanley Richard Robinson. 
Ian Kenneth Miles Robson. 
John Rogers. 

Frank Savaage. 

Walter Thomas Sedley. 
Pennathur Seshadri. 

Joseph Silverton. 

Derek Bryce Smith. 

Mervyn John Hillier Smith. 
Walter Rahe Smithies. 
Edmondson Spencer. 
Edward Severin Stern. 
Donald MacPherson Stewart. 
Eric Sidney Stockton. 

Henry Stout. 

John Clifford Street. 

John Douglas Hipwell Strickland. 
Bennett Sturgeon. 

Gordon Swift. 

Malcolm Henry Tankard. 
Alfred McMullon Taylor. 
Brian Richard John Thoma8. 
William David Emrys Thomas. 
George Thompson. 

Alfred Hubert Thorneloe. 
Charles Frank Howlett Tipper. 
Cyril Tyler. 

James Russell Wallace. 
Harry Warne. 

Vivian John Weston. 

Arthur Southan White. 
William Harold White. 
Edward Stanley Whitworth. 
Gilbert Henderson Whyatt. 
Harry Wilson. 

Cyril Christian Wood. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should ‘communicate with the Honorary Secretaries 
ja later than Monday, May 14th, 1945. Such objections will be treated as confidential. The forms of application are 
played in the Library.) 


)Adlington, Dennis, B.Sc.Hons. (Sheffield). English. 7, Northumberland Avenue, Isleworth. Research Chemist, 
_ Anglo Iranian Oil Co. Signed by : R. D. Haworth, E. Gertrude Turner, Brynmor Jones. 
y, Leslie, B.Sc.Hons. (Lond.), A.R.I.C. British. 26, Westmorland Avenue, Welling. Analytical and Research 
Chemist. Signed by: A. S. Nickelson, E. Taylor, E. W. S. Press. 
mans, John William, B.Sc.Hons. (Lond.), A.R.I.C. British. 127, Hawton Crescent, Wollaton Park, Nottingham. 
Signed by : John R. Jarratt, H. Barnes, B. Garforth. 


Industrial Biochemist. 
‘kley, Clarence Fairbank, B.Sc. (Lond.), A.R.I.C. British. 228, Perth Road, Ilford. Research Chemist, Howards 


& Sons, Ltd. Signed by : he E. Huggett, R. H. Lock, George Clark. 
Purgan, John Glyn. British. . 83\Elmham Road, Darnall, Sheffield, 9. Undergraduate reading for Honours Degree 
in Chemistry at Oxford University. Signed by : N. V. Sidgwick, P. R. Lewis, John Gadsby. 
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(b)Carson, Robert George, B.Sc.Hons. (Glas.), A-R.T.C., A.R.I.C. British. Bonsecouro, 6, Kilbrannan Drive, Greenoc, 

































pacer with the Shell Refining and Marketing Co., Ltd. Signed by : Ezra Golombok, Edmund Bishop, John 4 (0) 
ranston. , 
¢Chapman, Wilfred Eric, B.Sc.Hons. (Leeds), A.R.I.C. British. 66, Penns Lane, Sutton Coldfield. Works Chemist ‘Neal 
at Messrs. Ernest Hawton & Co. Signed by : R. Consden, L. F. Story, S. Blackburn. : 
Clarke, Herbert Edmund, M.A. and B.Sc. (Oxon), F.R.I.C. British. 14, Rosehill Mount, Manchester Road, Burnle tNort 
Chief Research Chemist. Signed by : John Graymore, E. G. Edwards, A. G. Owen. . ¢ 
Davidson, Hugh Wilson, B.Sc.Hons. (St. Andrews). British. 25, Kinkell Terrace, St. Andrews. Assistant Chemist a ] 
Guardbridge Paper Co., Ltd. Signed by : W. H. Banks, G. A. H. Elton, M. P. Balfe. 0'°De 
tDowner, Archibald Walter Eric, B.Sc.Hons. and Ph.D. (Lond.), A-R.I.C. British. 3, Ivycliffe Drive, Farnborough f 
Research Chemist. Signed by: A. P. L. Blaxter, S. G. Kendrick, A. J. M. Bailey. f 
tFaulks, Allan James, B.Pharm. (Lond.), A.R.I.C., Ph.C. British. Elmsdale, Kilmarnock Road, Kilmaurs. Sign #8 
by :_A. G. Short, R. Leslie Collett, J. F. Gospel. E 
*Fry, Eric Sydney John, B.Sc. (Lond.). British. 476, Devizes Road, Salisbury. Research Chemist. Signed by- {Pres 
H. N. Rydon, K. P. Harrison, D. W. Adamson. 7 g 
tGadsby, Gordon Neville, B.Sc.Hons. and Dip.Ed. (Birm.). British. Maytrees, East Green Drive, Stratford-upon- : 
Avon. Lecturer, Chemistry Branch, Military College of Science. Signed by: W. N. Haworth, E. L. Hirst : 
E. B. Knott. : 7 
Gindy, Munir, B.Sc.Hons. and M.Sc. (Fouad I University). Egyptian. Chemistry Department, Faculty of Science “Buss 
Fouad I University, Abbassia, Cairo. Demonstrator in Chemistry. Signed by : Alexander Schénberg, A. Riad A. 
Tourky, F. G. Baddar. Smith 


Hey, Peter, Ph.C. British. Carhouse, Boroughbridge Road, Upper Poppleton. Assistant Lecturer in Department of 
Pharmacy and Pharmacology, University of Leeds. Signed by: F. R. Goss, F. Challenger, H. Burton. 

tHicks, Ronald, A.R.T.C. (Salford), Higher National Certificate, Member Institute Sewer Purification, Associate 
Member Institute Sanitary Engineers. British. Burgh of Hamilton Sewage Purification Works, Bothwell Bridge 
Bothwell, Glasgow. Works Manager and Chemist. Signed by : Clarence Jepson, Arnold Kershaw, C. B. O. Jones, 

Hills, George Mason, M.A. and B.Sc. (Oxon), A.R.I.C. British. Church House, Pitton, Nr. Salisbury. Research 
Biochemist on staff of Medical Research Council. Signed by : H. N. Rydon, J. Howarth Williams, G. S. Hartley. 

*Holker, James Ronald, B.Sc.Hons. (Manc.). British. 48, Algernon Street, Monton, Eccles. Junior Chemist. Signed 
by : Colin Campbell, Lewis K. Evans, F. S. Spring, G. N. Burkhardt, T. H. H. Quibell. 

tIsherwood, Robert, B.Sc.Hons. (Manc.), A.R.I.C. English. 170, Shear Brow, Blackburn. Organic Chemist. Signed 
by : C. G. Childs, D. S. Stephens, F. Ward. 

+Jarvis, Frank Woolgar, B.Sc.Hons. (Sheffield), A.R.I.C. British. 130, Furniss Avenue, Dore, Sheffield. Research 
Chemist. Signed by : R. D. Haworth, Arthur W. Chapman, Brynmor Jones. 

tJones, Frederick Victor, B.Sc.Hons. (Lond.). British. 3, Dolphin Road, Slough. Research Chemist. Signed by: 
Robert Kerr, Ernest S. Hedges, Denis E. B. Greensmith. : 

tJoseph, James Dillwyn, A.R.1.C., P.A.Inst.W.E. British. Gladwyn, 421, Hyde Road, Gorton, Manchester, 18, 
Chemist and Bacteriologist, Manchester Corporation Waterworks. Signed by : H. Stevenson, W. H. Brindley, 
J. Kenner. 

*Kaye, Albert Edward. British. 32, Lauriston Road, Walton, Liverpool, 4. Reading for Honours Degree in 
Chemistry at Oxford University. Signed by: S. G. P. Plant, A. S. Russell, C. N. Hinshelwood. 

(b)Kenchington, Austin William, B.Sc.Hons. (Birm.) conditional upon satisfying language requirement. British. 3, 
Victoria Road, Mortlake, S.W. 14. Research Chemist for British Rubber Producers Research Association. Signed 
by : E. H. Farmer, D. A. Sutton, G. F. Bloomfield. . 

(a)Kenchington, Kenneth Walter Lloyd. National Certificate in Chemistry. British. 4, Woodville Street, Woolwich 
S.E. 18. Technical Assistant (Chemical Research) Ministry of Supply. Signed by : Arthur I. Vogel, G. H. Jeffery 
F. Hudswell. 

tKerr, Carl Aloysius, Ph.D. (Glas.), D.Sc. (Belfast), F.R.I.C.- British. 14, Sherrardspark Road, Welwyn Garde 
City. Works Manager, Roche Products, Ltd. Signed by : Nathan C. Hindley, F. Bergel, A. Cohen. 

tLaxton, Albert Edward, B.Sc.Hons. and M.Sc. (Lond.), A.R.I.C. British. 116, Lynmouth Road, Walthamstow 
E.17. Organic Chemist (Research), Messrs. Field & Co. (Aromatics), Ltd. » Signed by : W.H. Shilling, R. Leslid 
Collett, H. J. T. Ellingham. 

tLee, Oscar Martin. Student, Leatherseller’s Company’s Technical College, University of London, Battersea Polytechni 
Fifteen years experience in Food Manufacture, water treatment and sanitation in tropics. Army Officer in charg 
of food and water treatment and supply. English. c/o Professor Sir William Wright Smith, F.R.S.E., Inverleigi 
House, Edinburgh, 4. Captain, The Royal Army Service Corps... Signed by : J. Kenyon, A. Houston, W. Rogi 
Angus. 

*Lord, Derek Drury, B.Sc. (Lond.). British. Lyndhurst, 8, Cambridge Avenue, Bury Road, Rochdale. Researtl 
Student. Signed by : C. K. Ingold, H. G. Poole, E. S. Halberstadt. 

¢Lucas, John Waring, B.Sc. (Lond.), A.R.I.C. British. 39, Forest Road, Southport. Senior Technical Assistat 
Signed by : Charles Louden, Harold H. Hutt, H. Jasperson. 

+McIntosh, Andrew Hamilton, B.Sc.Hons. (Edin.). British. c/o Department on Insecticides, Rothamsted Experiment 
Station, Harpenden. Insecticides Chemist. Signed by : F. Tattersfield, K. A. Lord, George W. Cooke. 

(b)Martin, Leslie Edwin. Student Royal Institute of Chemistry. British. 10, Hall Avenue, Timperley. Laborato 
Assistant (Pathological) in the Medical Service. Signed by: J. Ormston, H. B. Watson, Marion Peeling. 

+Monk, Robert George, B.Sc.Hons. and Ph.D. (Lond.), A.R.C.S., D.I.C., A.R.I.C. British. 116, Argyle Road, Saltcoats 
Chemist. Signed by : H. Raymond Broomhall, A. Greville White, David Traill. 

Morris, Douglas Sydney, B.Sc. (Lond.), A.R.C.S. Six years pre-graduate industrial experience (Plant control au 
analytical work). Three and a half years as an organic research chemist. British. Greenhurst, Bollin H 
Wilmslow. Organic research chemist (chemotherapeutics) at British Schering Research Laboratories. Sign 
by : D. H. Hey, M. EI. H. Fitzgerald, W. Tebrich. 

+Munro, Leslie Alexander, M.A. (Oxon), F.R.I.C. British. Eagle House, Colston Avenue, Bristol, 1. Area Manag@ 
Imperial Chemical Inclustries, Ltd. Signed by : Arthur Marsden, E. B. Maxted, F. H. Pollard. 


List 
he title 
“React 
sul, 
dD. 
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k. (b)Naish, Arthur Basil, A.R.LC. British. 48, Cleeve Hill, Downend, Bristol. Analytical Chemist. Signed by : 
A. E. B. Maxted, G. Davies, D. J. Barke. , 
*Neale, Francis Charles, B.Sc.Hons. (Birm.). British. 86, Bournbrook Road, Bournbrook, Birmingham, 29. Research 


st Student. Signed by : L. L. Bircumshaw, W. N. Haworth, M. Stacey. 
tNorton, Charles. Roy. London Inter.B.Sc. (External), 74 years practical experience. British. 7, Beck Lane, 
y Carlinghow, Batley. Works Chemist at L. B. Holliday & Co., Ltd. Signed by » H. H. Hodgson, D. E. Hathway, 
H. S. Greenwood. 


at o’Dea, Louis. Inter.B.Sc. (Lond.). Student, Special Chemistry B.Sc., London. British. Salesian Missionary 
A College, Shrigley Park, Nr. Macclesfield. Science Teacher. Signed by: A. E. Gillam, F. S. Spring, T. H. H. 
5h. uibell. 

FP oer William Anthony. British. Bulls Green, Knebworth. Student. Signed by: H. V. A. Briscoe, A. A. 
ned Eldridge, H. J. Emeléus. 

+Preston, Richard St. John, B.Sc.Hons. and M.Sc. (L’pool), F.R.I.C. British. 24, Boundaries Road, Feltham. 


9: Scientific Officer (Civil Service). Signed by : W. H. J. Vernon, J. G. Mitchell, F. Wormwell. 

tRidgion, James Maurice, B.Sc. (Lond.), A.R.C.S, British. c/o The British Iron and Steel Research Association, 
= Steel House, Tothill Street, S.W.1. Research Officer (Iron and Steel Production). Signed by: A. H. Leckie, 
m H. E. Blayden, H. L. Riley. 


*Russell, Kenneth Edwin. Natural Sciencés Tripes Part II, Chemistry, Class 2, Division 1. British. Memorial Court, 
Clare College, Cambridge. Research Student. Signed by: F. S. Dainton, Donald Faulkner, R. G. W. Norrish. 

§mith, Harry, B.Sc. and B.Pharm. (Lond.), A.R.I.C., Ph.C. British. c/o 85, Welford Crescent E., Trent Bridge, 
Nottingham. Assistant Lecturer in Pharmaceutical Chemistry at University College, Nottingham. Signed by : 
J. Masson Gulland, E. O’F. Walsh, D. O. Jordan. 

{Smith, Peter Robert William, A.R.I.C. British. 28, Wayside, East Sheen, S.W.14. Director of Research, Alumilite 
and Alzak, Ltd. Signed by : W. M. Cumming, M. M. J. Sutherland, I. V. Hopper. 

Snowden, Arthur Henry, Ph.C., A.R.I.C. British. Parkinsons, Ltd., Manufacturing Chemists, Burnley. Chief 
Chemist. Signed by : C. J. Eastland, N. R. Campbell, C. W. Maplethorpe. 

(a)Stewart, Malcolm Gordon, Subsidiary B.Sc. (Physics), London. Studying Special Chemistry (Lond. Ext.). British. 
25, Hambleton Square, Billingham. Assistant Chemist on the Staff of I.C.I., Ltd. Signed by: A. J. Prince, 
M. P. Applebey, H. E. Woosey. 

(Storrs, Francis Cecil, B.Sc. and Dip. Bact. (Lond.), F.R.I.C. British. 20, Warwick Mansions, Cromwell Crescent, 
$.W. 5. Biochemical Research. Signed by: E. B. Anderson, C. K. Ingold, Henry Terrey. 

archi | somalin, Eric Frederick Joffre, B.Sc.Hons. and Ph.D. (Lond.), A.M.I.Chem.E., A.R.I.C. Chemical Engineering 

se Certificate of King’s College, London. British. 79, Gloucester Road, Hampton. Captain R.A., in the Ministry 

ia of Supply, normally engaged as a refining technologist in the employ of the Royal Dutch Shell group. Signed by : 
y L. G. F. Dolley, A. J. Allmand, A. F. B. Neal. 

*Weinberger, Marcus Arthur, B.Sc.Hons. (General, London, 1943. Chemistry, Manchester, 1943). German. 20, 
Upper Park Road, Salford, 7. Research Student in Physical Chemistry. Signed by : Colin Campbell, G. N. 
Burkhardt, P. H. Plesch. 

+Whalley, Roy, B.Sc.Hons. (Manc.), A.R.I-C. British. 14, Hawthorn Avenue, Edenfield, Ramsbottom. Assistant 
Chemist, Clayton Aniline Co., Ltd. Signed by: C. G. Childs, D. S. Stephens, G. Spencer. 

Williams, William Owen Montague, B.Sc.Hons., M.Sc. and Diploma of Education (Wales). British. 66, Eversley 

Road, Sketty, Swansea. Education Officer. Seconded for Service from Raine’s Foundation School, London, 

E.1. Signed by: J: E. Coates, R. H. Davies; L. E. Hinkel, E. E. Ayling. 

{Wilson, Stanley, B.Sc. (Lond.). British. Fuel Department, The University, Leeds, 2. Research Student. Signed 

by: H. J. Hodsman, R. E. Jones, R. Spence. 

*Young, John Roger, B.Sc. (Lond.), A.R.I.C. British. 48, York Street, Canton, Cardiff. Works Chemist, Messrs. 

Ed. Cunvan & Co., Ltd. Signed by : J. Ormston, Marion Peeling, H. B. Watson. 



























UNDER ‘SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Chattopadhyay, Gauri Shankar, B.Sc. Bengali. 27, Narikeldanga Main Road, Calcutta. Merchant and Consulting 

Chemist to the Scientific Supplies (Bengal) Co. Signed by : J. €. Bardhan. 

Devadatta, Sandur Champion, D.Sc. (Edin.), Licentiate of the College of Physicians and Surgeons of Bombay. Indian. 

Wilson College, Bombay, 7. Professor of Chemistry. Signed by : R. G. Saraiya. 

- Hugh Nigel. British. 42, Avenue de la Roseraie, Geneva. Student of Geneva University. Signed by : 

. K. Blount. 

Goodfellow, Bruce Cowper. Associate—former Canadian Institute of Chemistry. * British. c/o Nuodex Products of 
Canada, Ltd., 34, Industrial Street, Leaside, Toronto, Ont. Sales Manager. Signed by : A. Stanley Cook. 

Riggs, Noel Victor, B.Sc.Hons. (Adelaide), A.A.C.I. British. c/o Department of Chemistry, University of Western 
Australia, Nedlands, Western Australia. Lecturer in Chemistry. Signed by : D. E. White. 


* Reduced annual subscription. + Three-body. (a) Junior Membership two-body. 
} Two-body. (b) Junior Membership three-body. 





et PAPERS RECEIVED 


ol Hil List of papers received between February 15th and March 15th, 1945. (This list does not include 
signe ue titles of papers which have been read at a Scientific Meeting or which have appeared in the Journal.) 


‘Reactions of 4-nitro-2-naphthylamine. Part II. The mono- and di-hitration of 4-nitro-f-toluene- 
sulphon-2-naphthalide and the preparation of 4 : 6-dinitro-l-naphthol.’”’ By H. H. Hopcson and 
D. E. Hatuway. ; 
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“The mechanism of condensation of the anhydrides of mono- and di-substituted succinic acids with 
aromatic hydrocarbons under the conditions of the Friedel-Crafts reaction.’’ By M. E. Sasoog, 

‘‘ Phosphorus-containing esters. Part I.’’ By H. McComaig, B. C. SaunpErs, and G. J. STAcry. 

‘“‘ Search for new analgesics. I. Homologues of pethidine and related compounds.’’ By E. Wattoy 
and (in part) M. B. GREEN. 

“Studies on phosphorylation. Part-I. Dibenzyl chlorophosphonate as a phosphotylating agent,” 
By F. R. ATHERTON, H. T. OPENSMAW, and A. R. Topp. 

‘‘ Synthesis of piperidine derivatives. Part I.” By W. Barr and J. W. Cook. 

“ The effect of drying on the vapour pressure of nitrogen tetroxide and the vapour density of nitrogen 
trioxide.”’ By E. M. STODDART. 

“ Olefinic acids. Part I. The reactivity of a-bromocrotonic acid.’”” By L. N. OWEN. 

“‘ The standard electrode potential of magnesium.’’ By G. E. CoATEs. 

“ The potential and rate of solution of magnesium in deuterochloric acid.’’ By G..E. CoATEs. 

“Concentration polarisation in acid solutions.’”” By G. E. CoATEs. 

“ Synthetical experiments bearing on the constitution of phtHiioic acid.” By N. Porcar and Sir Roser 
ROBINSON. 

“‘ Observations on the structure of the pyrethrolone ethers.’’ By S. H. HARPER. 

‘“‘Molecular.rearrangements. Part V. A case of reversible a-diketone-lactone rearrangement.” By 
A. SCHONBERG and ALY SINA. 

“‘ The constitution of the two lactones of d-glucosaccharic acid.’” By T. REICHSTEIN. 

“ Photo-chemical reactions in sunlight. Part X. (a) Reaction of ethylenes with phenanthraquinon 
and with benzil. (b) A new type of photo-chemical equilibrium.’’ By A. SCHONBERG ani 
A. MUSTAFA. . 

‘ o-Amino-ketones of the acetophenone and benzophenone types.’’ By*J. C. E. Smmpson and (in part) 
C. M. Atkinson, K. SCHOFIELD, and O. STEPHENSON. 

‘“Cinnolines. Part III. The Richter reaction.’’ By K. SCHOFIELD and J. C. E. SIMPson. 

“Cinnolines. Part IV. The preparation of 4-hydroxycinnolines, and the mechanism of cinnoline 
syntheses.’” By K. SCHOFIELD and J. C. E. SImpson. 

“ Quinamine. Part I.’’ By T. A. Henry, K. S. Kirsy, and G. E. SHaw. 


“The preparation and chromoisomerism of 4 :5-dinitro-l-naphthylamine, and some perimidines and 
perinones from 4-chloro- and 4-bromo-l : 8-naphthylenediamine.’’ By H. H. Hopcson and D. E. 
HATHWAY. 

‘‘ An interpretation of the Sandmeyer reaction. Part VI. The influence of the chlorine ion on the 
decompositions of neutral #-nitrobenzenediazonium chloride and of #-nitrobenzenediazonium 
cobaltinitrite.’’ By H. H. Hopcson and D. D. R. SIBBALD. 





THE CHEMICAL SOCIETY 





NOTICE OF FORTHCOMING SCIENTIFIC MEETINGS 


IN LONDON 


Thursday, May 11th, 1945, at 5 p.m. 





Hugo Miiller Lecture, on “ The Past and Future of Crystal Chemistry,” by Professor J. D. Bernal, 
MA., F.R.S. To be held in the Lecture Theatre of the Royal Institution, Albemarle Street, W. 1. 


(By kind permission of the Managers.) The Scientific Meeting will be preceded by the adjourned 
Annual General Meeting to receive the audited Accounts for 1944. 


OUTSIDE LONDON. 
NEWCASTLE AND DURHAM. 


Friday, May 25th, 1945, at 4.30 p.m. 





Meeting for the reading of papers. To be held at King’s College, Newcastle-on-Tyne. 


SHEFFIELD. . 
Friday, May 11th, 1945, at 6 p.m. 





Lecture on “ Recent Developments in Petroleum Technology,” by Dr. A. E. Dunstan. Joint 
meeting with the University Chemical Society and the South Yorkshire Section of the Royal Institute 
of Chemistry. To be held at the University, Western Bank. 


Friday, May 25th, 1945, at 5.30 p.m. 





Lecture on “‘ The Place of the Resonance Concept in Chemistry,” by Mr. R. P. Bell, M.A., F.R.S. 
To be held at the University, Western Bank. 


SOUTH WALES. 
At Cardiff. : 


Thursday, May 24th, 1945, at 7 p.m. 





Hugo Miiller Lecture, on “ The Past and Future of Crystal Chemistry,” by Professor J. D. Bernal, 
M.A., F.R.S. To be held at University College. 











PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 





OFFICIAL ANNOUNCEMENTS 


NOTICE OF MEETINGS OUTSIDE LONDON. 


Fellows residing outside London who wish to receive notices of meetings held in areas other than 
those in which they reside should notify the General Secretary. - 


FELLOWSHIP. 


The following 119 candidates were elected Fellows of the Chemical Society on March 15th, 1945 : 


Raymond Smith Asquith. 
William Kenneth Bates. 
Alan Rushton Battersby. 
Norah Boothman. 
Emmerson Bowes. 


Donald Boynton Christian. 
Herbert Joseph Cluley. 
Harold Arthur Collinson. 
Brian Edward Cross. 

Harold Davenport. 

Roger Edmond Deriaz. 
George Brown Dodds. 
William Bryan Emery. 
Herbert Charles Evans. 
Rowland Arthen Evans. 


Donald Robert William Felstead. 


Charles Beckham Featherstone. 
John Ernest Gill. 

Trevor Walworth Goodwin. 
Alan Hadfield Gowenlock. 
Derek Albert Green. 

John Edwin Gregory. 

Thomas Reid Hardie. 

Frank Emery Harvey. 

Robert Neville Haszeldine. 
Christopher Stelling Hedley. 
L. M. Hill. 


Arthur Holt. 
Stewart Angus Hood. 


Keith Eric Howlett. 
Leslie Polan Huggett. 
Andrew Keith fom 
Arthur Edwin James. 

Francis George Jeffers. 
Norman Charles Jabez Jeffery. 
Robert Goodman Johnston. 
Lynn Francis Jones. 

Cornelius Keleti. 

Robert William Kelsall. 

James Ridley Keneford. 
Thomas Kennedy. 

Trevor John King. 

Douglas Stuart Laidler. 
Ernest George Evelyn Land. 
Gregory John Lawson. 

James Owen Lay. 

George Lindley. 

B Alfred Jack Lister. 
Sidney George Long. 

Harry Vincent Lowther. 
Lawrence Ernest Lyons. 

Alan Macey. 

Eric Frederick George McGill. 
Robert Foster McLean. 
Robert Henry Marriott. 
William Marsden. 

James Currie Marshall. 
Alexander Lawson Martin. 


Stanley Reginald William Martin. 


Stephen Finney Mason. 
Roland Gordon Minor. * 

ames Milligan. 

red Harding Montgomery. 
Kenneth Alexander Murdoch, 

ames Henry Ottaway. 

ohn Desmond Overton. 
Victor E. Parke. 

ames Parkes. 

ohn Payne. 





Norman Sidney Payne. 
Clifford Edward Payne-Roberts. 
James Norman Fulton Phillips. 
William Austin Pinnington. 
Jack Plant. 
Cyril Wolfe Pritchett. 
John Hinton Read. 
Tam vee tas 

ames Tople e. 
Colin Robert Ricketts. 
William Guy Roberts. 
Harry Robinson. 
sere Robinson. 

eter Ernest Sagrott. 
Eric Shaw. 
Henry Owen Smith. 
Kenneth Cecil Smith. 
Thomas David Smith. 
William Keith Smith. 
Arthur Frederick Edmund 

Snashall. 

Thomas Hall Stothard. 
Roy Stringfellow. 
Reuben Sufrin. 
Bertram George Swannell. 
Andras Laszl6é Tarnoky. 
Donald Bryce Taylor. 
George William Charles Taylor. 
Maurice James Thornton. 
Daniel Tonner. 
Jacques Tréfouél. 
George John Charles Vineall. 
Sigmund Wang. 
Lionel William Warner. 
Charles Vernon Whittaker. 
Ralph Williams, 
Reginald Williams. 
Geoffrey Willison. 
Geoffrey Ronald Wootten. 
Leonard Joseph Zatman. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the Honorary Secretaries 
not later than Monday, May 14th, 1945. Such objections will be treated as confidential. The forms of application are 


displayed in the Library.) 


{Barr, Joseph Robert, B.Sc.Hons. and M.Sc. (L’pool), F.R.1.C. British. Bardena, 36, Knole Road, Dartford. 


by : A. E. Gillam, T. H. H. Quibell, F. S. Spring, Frank Wokes. 
tBarton-Wright, Eustace Cecil, D.Sc. (Lond.), F.R.I.C. British. Owls Nest, Ox Lane, Harpenden. Biochemist, 


Technical College Teacher. Signed 
Cereals Research Station, St. Albans. 


Signed by : P. Halton, C. W. Herd, L. M. Mundy. 
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Beard, John Stewart, B.A.Hons. and B.Sc. (Oxon). British. 33, Rockside Drive, Henleaze, Bristol. Experiment, 
Officer, Armament Research Department (Ministry of Supply). Signed by: B. Lambert, F. M. Brewer, Harry 
Irving. 

Bedford, John Guy, B.Sc.Hons. and M.A. (Oxon). British. Old Steningford Hall, Ripon. Major, R.E. Signed by; 
Chas. S. Bedford, D. H. Everett, R. K. Callow, A. G. Ogston, R. C. G. Moggridge. 

tBoyd-Barrett, Herbert Stanislaus, M.Sc. (N.U.I.), Ph.D. (Lond.), A.R.I.C. Irish. Ferndale, Victoria Road, Prestatyn, 
Senior Research Chemist with the Manchester Oil Refinery, Ltd. Signed by : Derrick Rowley, Isaac Goodman, 
M. Sulzbacher. 

tCharlton, Cyril Bradbury, B.Sc. (Lond.). British. 2, Girton Gardens, Shirley, Croydon. Industrial Research Chemist, 
Signed by : J. Kenyon, J. W. Smith, A. Houston. 

tDearnley, Frank, M.Sc. (Lond.), A.R.1.C., A.M.C.T. British. 208, Todmorton Road, Burnley. Works Manager and 
Research Officer, North East Lancs. Co-operative Laundries Association, Ltd. Signed by: John K. Wood, R. Leslie 
Collett, H. J. T. Ellingham. 

tDiggory, James Bryan, B.Sc.Hons. (L’pool). British. Thornleigh, Abbey Road, Llangollen. Research Chemist, 
Signed by : C. C. Moss, W. B. Whalley, E. Pinnington. 

Edenborough, Richard Oakley Montague. 17 Years experience in the Pharmaceutical Chemical Industry. British, 
Ardoynne, Welwyn Heath. Production Manager to Bayer Products, Ltd. Signed by: H. Shapiro, H. Yellin, 
K. A. Smith. 

*Everard, Kenneth Boothby. Exhibition in Natural Science to Magdalen College, Oxford. British. Southlands, 6, 
Almsford Avenue, Harrogate. Student. Signed by: Ronald P. Bell, H. M. Powell, L. E. Sutton. 

tFurzey, Douglas George, B.Sc.Tech. (Sheffield), A.R.I.C., A.M.I.Chem.E. British. 90, Westwick Crescent, Beauchief, 
Sheffield, 8. Chief Technical Assistant, Chemical Engineering Department of Newton, Chambers & Co., Ltd, 
Signed by : A. H. Dodd, T. S. Harrison, C. E. Spooner. 

Gardner, John Baxter, B.Sc. (Ph.D. (Lond.), A.R.C.S., D.1.C., A.R.I.C. Graduate Member of Institution of Chemical 
Engineers. British. 32, The Lawns, Hatch End. Research Chemist, British Oxygen Co., Ltd. Signed by; 
D. M. Newitt, M. T. Clark, H. Williams. 

*Glenton, Henry David, B.Sc.Hons. (Lond.). British. 30, Chaddesden Park Road, Derby. Shift Chemist. Signed 
by : N. T. Woombs, R. Souter, G. A. Freake. 

*Green, Norman Michael. British. Writtle Mead, Writtle, Chelmsford. Working for Honours Degree in Chemistry 
at Oxford University. Signed by: L. E. Sutton, K. W. Sykes, S. G. P. Plant. 

Halcrow, Barbara Evelyn, B.Sc. and Ph.D. (Edin.). British. c/o Long, 94, Trowbridge Road, Bradford-on-Avon. 
Research Chemist. Signed by : Alan A. Goldberg, William Kelly, L. W. Salamé. 

*Holden, Dennis, M.Sc. (Manc.). British, Toc H, Upper Park Road, Victoria Park, Manchester, 14. I.C.I. Research 
Chemist. Signed by: A. E. Gillam, T. H. H. Quibell, H. D. Spri , 

tHoldsworth, Ernest Clifford, B.Sc. and Ph.D. (Leeds), ‘A.R.I.C., Leeds Dyeing Diploma, City and Guilds Diplomas in 
Dyeing and Textile Fibres. British. Westholme, 116, Manygates Lane, Sandal, Wakefield. Research Chemist. 
Signed by : L. C. MacMahon, S. Billbrough, E. B. Maxted. 

*Huang, Hsing-Tsung, B.Sc. (Hong Kong). Chinese. Oriel College, Oxford. Research Student, Dyson Perrins 
Laboratory, Oxford. Signed by : Rita H. Cornforth, Ronald P. Bell, D. Ll. Hammick. 

*Johnson, Leslie Victor, B.Sc.Hons. (Birm.). British. 490, Fox Hollies Road, Hall Green, Birmingham, 28. Research 

. Student, Birmingham University. Signed by: L. L. Bircumshaw, M. Stacey, Stanley Peat. 

yLarner, Erwin Ernest, B.Sc. (Lond.), AE R.LC. British, Wyngrove, Slad Road, Stroud. Chief Analytical and 
Research Chemist to S. G. Bailey & Co., Ltd. Signed by: H. V. A. Briscoe, Ernest R. S. Winter, Rowland H. 
Ellis. 

Macey, Peter Edward, B.Sc. (Lond.). British. 31, Larkfield Avenue, Gillingham. Research Student, University 
College, Nottingham. Signed by: J. Masson Gulland, John C. Roberts, D. O. Jordan. 

tMacKay, Thomas, B.Sc.Hons. (Edin.), A.R.I.C. British. 45, Brunstane Crescent, Joppa, Midlothian. Chemist, 
1.C.I. (Explosives Division). Signed by : E. G. V. Percival, James Kendall, Neil Campbell. 

tMarshall, Frederick Cecil Barron, B.Sc. and Ph.D. (Lond.), D.LC., F.R.I.C. English. 6, Riverside Crescent, 
Holymoorside. Senior Research Chemist, Low Temperature Carbonisation, Ltd. Signed by: L. A. Jordas, 
S. H. Bell, D. R. Duncan. 

Mercy, Edward Leon Philip. British. c/o 57, Poplar Avenue, Edgbaston, Birmingham, 17. Chemist in Charge, AID. 
Laboratory engaged in General Metallurgical Analysis. Signed by: L. L. Bircumshaw, Lilian Turton, L. F. 
Wiggins. 

{Mitchell, Gilbert Archibald Maldwyn, B.Sc.Hons. (Glas.), A.R.I.C. British. 64, Beechwood Gardens, Calder Road, 
Bellshill. Metallurgist, Messrs. Rolls Royce, Ltd. Signed by: J. Milne, A. McLean, Stotherd Mitchell. 
{Mitchell, Robert Lyell, B.Sc.Hons. (Edin.), Ph.D. (Aberd.). . British. Macaulay Institute for Soil Research, Craigie 
buckler. Research Chemist, Head of Spectrographic Department. Signed by: W. G. Ogg, D. N. McArthur, 

James Hendrick. 

*Moore, Barry Philip, B.Sc.Hons. (Sheffield). British. 81, Burnham Way, W. Ealing, W.13. Research Student, 
Shefield University Signed by : Brynmor Jones, R. D. Haworth, Alex. H. Lamberton, Neville J. Cartwright, 

eville Smi 

tParts, Adolf Gustav, Mag.Chem.Techn., Dr.Phil.Nat. (Tartu-Dorpat), Professor of Physical Chemistry at Tallim 
Technical University of Estonia. Estonian. 23, Manor Way, Petts Wood. Senior Experimental Officer wit 
Armament Research Department of Ministry of Supply. Signed mS C. E. H. Bawn, A. J.C. Nicholson, C. S. Bryaat 

tPautard, Frederick George Edward, B.Sc.Hons. (Birm.). British. 1, County Grove, S.E.5. Research Chemist t0 
E. R. Watts & Sons. Signed by: M. Stacey, L. L. Bircumshaw, a; C. Tatlow. 

tPhillips, Arthur Braime, B.Sc.Hons. (Leeds), A.R.I.C. British. 22, Yarm Street, Leeds, 11. Shop Manager 
(Development), Ministry of Supply. Signed by : A. K. Unsworth, H. J. Hodsman, A. L. Roberts. 

tPowell, Donald Waring, M.Sc. (Lond.), A.R.I.C. British. 4, Boundary Road, Eastcote, Pinner. Chief Chemist and 
Director of Harper and Tunstall, Ltd. Signed by: Alex. Findlay, R. Leslie Collett, H. J. T. Ellingham. 

tResuggan, John Charles Lovell, A.R.I.C. British. c/o British Hydrological Corporation, High Path, Merton, S.W. 19. 
Chief Chemist to the British Hydrological Corporation. Signed by : F. A. Robinson, E. T. Borrows, J. Elks. 
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a)Robinson, Gordon Arthur Norgate. British. 36, Burnham Road, Dartford. Metallurgical and Works Chemist, 
J. and E. Hall, Ltd. Signed by: G. H. Jeffery, D. M. Cowan, C. E. Payne Roberts. 

*Skirrow, Geoffrey, B.Sc.Hons. (Lond.). British. 1470, Leeds Road, Thornbury, Bradford. Research Student, 
Bradford Technical College. Signed by: G. E. Styan, H. I. Stonehill, R. M. Barrer. 

+Spooner, Edgar Clynton Ross, M.Sc, and B.E. (Tasmania), D.Phil. (Oxon), M.I.Chem.E., A.R.I.C. British. c/o 
Sutcliffe, Speakman & Co., Ltd., Guest Street, Leigh. Chemical Engineering Consultant. Signed by: E.-J. 
Bowen, C. N. Hinshelwood, Ronald P. Bell. 

+Stevenson, Walter Wilfred, A.Met. (Sheffield), F.R.I.C., A.M.I.Chem.E., A.Inst.R. British. The United Steel Com- 
panies, Ltd., Central Research Department, Stocksbridge, near Sheffield. Chemical Engineer, The United Steel 
Companies, Ltd. Signed by : R. D. Haworth, D. Woodcock, Arthur W. Chapman, Brynmor Jones. 

‘Sugden, Geoffrey, B.Sc.Hons. (Sheffield). British. Rosemount, Feltham Hill Road, Ashford. Assistant Chemist, 
Anglo-Iranian Oil Co., Ltd. Signed by : Brynmor Jones, R. D. Haworth, E. Gertrude Turner. 

Threlfall, Cedric James; B.Sc. (Lond.). British. 54, Crosby Avenue, Scunthorpe. Research Student, University 
College, Nottingham. Signed by : J. Masson Gulland, John C. Roberts, D. O. Jordan. 

(b)Valentine, Robert Burns, B.Sc.Hons. (Edin.). British. 1, Lower Granton Road, Trinity, Edinburgh, 5. Plant 
Superintendent (Chemist), I.C.I. (Explosives), Ltd. Signed by: E. G. V. Percival, Tom Cottrell, B. E. Nicholson. 

tWelch, Archibald Parker, Member of the Institution of Mechanical Engineers, Fellow of the Institution of Industrial 
Administration, Fellow of the Physical Society, Member of the Institution of Production Engineers, Fellow of the 
Royal Microscopical Society, Bernard Medallist, 1933-34, Fellow of the Institute of Arbitrators. English. 2, 
Clarendon House, 6, Strathearn Place, Hyde Park Square, W.2. Consulting Engineer. Signed by : T. W. Jones, 
D. W. Kent-Jones, A. J. Amos. 

Wilcher, Bryan Albert Charles, B.Sc. (Lond.). British. 91, Londonderry Road, Stockton-on-Tees. Assistant Chemist. 
Signed by : J. R. Partington, V. A. Petrow, H. D. K. Drew, C. W. Scaife. 

*Wilson, Edward James, B.Sc.Hons. (Dun.). English. 1, St. Lawrence’s Terrace, Warkworth, Morpeth. Lieutenant 
in R. Signals now in M.E.F. Signed by : G. H. Christie, C. W. Gibby, P. L. Robinson. 

{Winterbottom, Arthur Baker, M.Sc.Tech. (Manc.), B.Sc.Eng. (Lond.), F.R.I.C. British. Department of Metallurgy, 
The University, Manchester, 13. Lecturer in Electrometallurgy. Signed by: P. T. Gilbert, Ulick R. Evans, 
W. H. J. Vernon. 

{Woiwod, Albert John, B.Sc. (Lond.), A.R:I.C. British. c/o Wellcome Physiological Research Laboratories, 
Beckenham. Research Chemist. Signed by : C. G. Anderson, S. Wilkinson, W. Mark Duffin. 

Wynne, Reginald George. Eight years in Laboratory of H. Thompson, Esq., Consulting and Analytical Chemist. 
British. 61, Hymers Avenue, Hull. Technical Officer, General Staff. Signed by : Harry Thompson, Edward 
Chapman, J. Harley-Mason. 

Yardley, John Terence, B.Sc.Hons. (Lond.), A.R.I.C. British. Crestwell, Hendy Road, Mold. Analytical Chemist, 
Chemical Inspection Department, Ministry of Supply. Signed by : T. Harrington, J. Skull, T. S. Smith. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Vattarmadom Rama, B.Sc.Hons (Annamalai). Indian. Vattar Madhom, Kothakurssi, Panamanna P.O., 
Ottapalam, S. Malabar, India. Demonstrator and resident Tutor in Chemistry, Madras Christian College, 
Tambaram, and Research Scholar, Madras University. Signed by: S. V. Anantakrishnan. 

McKern, Howard Hamlet Gordon. Diploma in Chemistry of the Sydney Technical College, A.A.C.I. British. Cadonia, 
14, Orwell Stréet, Potts Point, Sydney, N.S.W. Analytical and Industrial Chemist, Meggitt, Ltd., Macquarie 
Street, Parramatta, N.S.W. Signed by: F. R. Morrison, R. W. Challinor. 

McKerns, Kenneth Wilshire, B.Sc. (Alberta), Member Canadian Institute of Chemistry. English. 1 C.G.R.U., C.A.O. 
Lieut. R.C.A. Signed by: A. C. Chibnall. 

"Natarajan, Mangalam Ramaswamy, B.Sc.Hons. (Annamalai). Indian. Annamalainagar, South India. Research 
Scholar in Chemistry at Annamalai University. Signed by: S. V. Anantakrishnan. 

Neuhaus, John William George, Diploma in Chemistry, Sydney Technical College. British. 190, Old Prospect Road, 


Wentworthville, N.S.W. Industrial Chemist, Meggitt, Ltd., Parramatta, N.S.W. Signed by: F. R. Morrison, 
R. W. Challinor. ¥ 


Sadgopal, M.Sc.Tech. and D.Sc. (Benares), F.R.I.C. Hindu (Indian). 10, Bank Road, Allahabad. Managing Partner 
and Chief Chemist, the Hindusthan Aromatics Co., Naini-Allahabad. Signed by : K. A. Hamied. 

papiro, Marcus Lazarus, M.Sc. and Ph.D. (S. Africa). Union National. P®. Box 163, Bloemfontein, S. Africa. On 
Active Service. Peace-time occupation, Assistant in Chemistry (University Teaching Staff), University College of 
the Orange Free State, Bloemfontein. Signed by: H. A. E. Mackenzie. 


* Reduced annual subscription. +t Three-body. : (a) Sunior Membership two-body. 


} Two-body. (b) Junior Membership three-body. 





PAPERS RECEIVED. 


__List of papers received between March 15th and-April 9th, 1945. (This list does not include the 
itles of papers which have been read at a Scientific Meeting or which have appeared in the Journal.) 


“Polycyclic aromatic hydrocarbons. Part XXXI. Some nitrogenous analogues of chrysene, pyrene, 
_, and 3: 4-benzphenanthrene.”” By J. W. Cook and W. H. S. THomson. 
Synthetic analogues of progesterone.”. By W. C. J. Ross. 
‘Synthetic analogues of corticosterone.” By W. C. J. Ross. 
system: lead chloride—water, 15° to 35° C.”” By T. P. GouLDEN and L. M. HI. 
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“‘ The stereochemistry of hydroxyproline.’’. By A. NEUBERGER. 

“ The kinetics of anionotropic rearrangement. Part III. Substituent effects in the oxotropic formatig, 
of the vinylacetylene system.”” By E. A. BRAUDE and E. R. H. Jones. 

“The kinetics of anionotropic rearrangement. Part IV. The theory of substituent effects.” By 
E. A. BRAUDE. 

“‘ The kinetics of anionotropic rearrangement. Part V. Substituent effects in the oxotropic formatioy 
of the butadiene system. A comparison of the electron attracting properties of the ethylenic anj 
acetylenic bonds.”’ By E. A. Braude and E. R. H. Jones. 

“ The effect of pressure and concentration on the solubility and hydrolysis of chlorine.” By H. \, 
HAYNES. 

‘‘ The action of methyl alcohol on phenol in the presence of alumina. Formation of anisole, alkylatej 
phenols and hexamethylbenzene.’’ By N. M.-CULLINANE and S. J. CHARD. 

“Quinamine. Part II. Constitution.”” By K. S. Kirby. 

‘““Leptospermone. Part II.” By L. H. Brices, C. H. Hassatt, and W. F. SHorT. 

“‘ Naphtha-1’ : 2’: 4: 5-selenazoles.”” By E. B. Knott. 

“‘ Chloranil dehydrogena‘ion of tetrahydrocarbazoles.’’ By (Miss) B. M. Barcray and N. Campsetz, 

“ Studies in light absorption. Part I. #-Benzoquinones.’’ By E. A. BRAUDE. 

“Studies in light absorption. Part II. 2:4-Dinitrophenylhydrazones.’’ By E. A. BRAupE ané 
E. R. H. JONgs. 

“ The action of acids on N-bromoacetanilides.’’ By G. I. IsRAEL, (Miss) A. W. N. Tuck, and F. ¢. 
SOPER. ; 

““ The course of autoxidation reactions in polyisoprenes and allied compounds. Part IX. The primary 
thermal oxidation product of ethyl linoleate.’’ By J. L. BoLLanp and H. P. Kocu. 
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NOTICE OF FORTHCOMING SCIENTIFIC MEETINGS 


OUTSIDE LONDON. 


NEWCASTLE AND DURHAM. 
Friday, June 8th, 1945 at 4.30 p.m. 


Meeting for the reading of papers. To be held in the Chemistry Lecture Theatre, King’s College, 
Newcastle-on-Tyne. 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 





- Minutes of a 
SCIENTIFIC MEETING 
held at the Royal Institution, Albemarle Street, W.1, on Thursday, May 17th, 1945, at 5 p.m. 


PROFESSOR J. W. Cook, D.Sc., F.R.S., Vice-President, was in the Chair, and welcomed the visitors 
present. 


MINUTES. ° 

The minutes of the Scientific Meeting of March 15th, which had been circulated, were taken as read 
and were confirmed and signed. 
ACCOUNTS FOR 1944. 

The Annual General Meeting, adjourned from April 19th, was held and the Statement of Accounts 
for 1944 was adopted. 
FORMAL ADMISSION OF FELLOWS. 


The following were formally admitted Fellows of the Chemical Society: G. R. Hilldrith, Daniel M. 
Brown, Hugh S. Forrest, John M. Bremner, Steffi Guttmann, Derek A. Green, Geoffrey R. Wootten, 
William J. Kramers, A. J. Crockatt, Edmund F. Maillard, Maurice H. Pearson, C. E. Payne-Roberts, 
J. W. H. Oldham, A. D. E. Pullin, Walter C. Coppins, A. L. Ford. 


HUGO MULLER LECTURE. F 
After a brief introduction, the Chairman called on Professor J. D. Bernal to deliver his Hugo Miiller 
lecture, entitled: ‘‘ The Past and Future of Crystal Chemistry.” 


At the conclusion of the lecture, a vote of thanks to the Lecturer, proposed by PRoressor J. M. 
ROBERTSON, was carried with acclamation. 





OFFICIAL ANNOUNCEMENTS 
DEATHS 


The Council regret to announce the deaths of the following Fellows : 


° Elected. Died. 
Harold Eben Carr 1921 March 2\st, 1945. 
James Kear Colwell 1890 April 26th, 1945. 
Frank Eustace King 1902 . arch 17th, 1945. 
Thomas Joseph Nolan 1913 March 12th, 1945. 
Alan Percy Platt 1944 March 20th, 1945. 
Donald Vernon Tilston 1943 April Ist, 1945. 


CONGRATULATIONS. 


The Council have sent congratulations to Professor W. P. Wynne, who completed 60 years of 
Fellowship on May 7th, and to the following, who will complete 50 years of Fellowship on May 18th : 


Harold A. Auden. Robert S. Morrell. 
Lancelot A. Borradaile. - George E. Shaw. 

John McGlashan. Frederick G. Treharne. 
Robert C. Marchant. ' 


and to the following on their election as Fellows of the Royal Society on March 14th : 


Professor J. M. Gulland. Professor J. M. Robertson. 
Professor H. D. Kay. Professor F. M. Rowe. 
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GENERAL SECRETARY. 
Dr. D. C. Martin has been appointed by the Council to succeed Mr. S. E. Carr as General Secretary, 


FRENCH CHEMICAL SOCIETY. 

A telegram and letter of thanks have been received from Professor M. Tiffeneau (President of the 
French Chemical Society) for greetings sent from Fellows at the Annual General Meeting on April 19th, 
ACKNOWLEDGMENTS. 


The thanks of the Council have been conveyed to Mr. C. Buckmaster for presenting publications ty 
the Society, and to Mr. Arnold Stevenson for presenting publications and a reproduction of a water 
colour of A. von Humboldt. 


RESEARCH GRANTS. 


A grant of £12 has been made to Mr. J. C. Bevington (Queen’s College, Cambridge) for a research on 
“ The Polymerisation of Acetaldehyde.”’ ' 


HONORARY FELLOWS. 
The following have been elected Honorary Fellows of the Society by the Council : 


Sir Henry H. Dale, O.M., G.B.E., P.R.S. Professor Frederick Joliot. 
Professor V. M. Goldschmidt. Professor Harold C. Urey. 





LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the Honorary Secretaries 
not later than Monday, June 18th, 1945. Such objections will be treated as confidential. The forms of application an 
displayed in the Library.) 


(b)Arnold, Peter William, B.Sc. (Wales). British. Cefn, Beaumaris, Anglesey. Officer under the Land Fertility 
Scheme in the West Midland Province. Signed by : W. Rogie Angus, G. T. Jones, E. D. Hughes. 

(b)Boyle, Archibald Raymond, B.Sc.Hons. and Ph.D. (Birm.). British. 10, Cremorne Road, Four. Oaks, Sutton 
Coldfield, nr. Birmingham. Research Physical Chemist, Chemistry Department, The University, Edgbaston, 
Birmingham, 15. Signed by : W. N. Haworth, S, R. Carter, M. Stacey. 

tCahill, Terence John, A.R.I.C. British. 10, Ealing Park Mansions, South Ealing Road, W.5. Analyst. Signed by: 
John Floren, C. W. Chater, G. H. Green. 

(a)Cross, Arthur Henry John, B.Sc. (Lond.). British. 29, Torriano Avenue, Kentish Town, N.W. 5: Analytical 
Chemist, The British Drug Houses, Ltd. Signed by : E. L. Cooper, K. J. Verrill, S. G. Long. 

Crum, Jean Margaret, M.A. and D.Phil. (Oxon.). British. Wilmer House, Farnham. Research Chemist, National 
Institute for Medical Research, Hampstead, N.W.3. Signed by : Harold King, James Walker, Thomas S. Work. 

(b)Dunnett, Peter Sidney, Inter.B.Sc. British. 137, Ridgeway Drive, Bromley. Chemist to Messrs. Samuel Jones 
& Co., Ltd. Industrial research on Adhesives, and allied products. Signed by: G. H. Jeffrey, Arthur I. Vogel, 
C. E. Payne Roberts. 

+tEdge, James Arthur, B.Sc. (Lond.), A.R.C.S., A.R.I.C., Diploma of Education (Leeds). British. 8, Bowman 
Avenue, Buttershaw, Bradford. Senior Science Master, Grange High School, Bradford. Part-time Lecturer in 
Physics and Chemistry, Technical College, Bradford. Signed by : R. M.- Barrer, H. I. Stonehill, G. E. Styan. 

{Fortune, John Brook, M.Sc.Met. and B.Sg.Eng. (Wales), M.J.Mech.E., M.I.S.I. British. Solway Estate, Maryport. 
Works Manager, Hornflowa Ltd., Makers of Plastics Raw Materials, Powders and Mouldings. Signed by : Alex. W. 
McLaren, R. Neiger, A. B. Coles. 

+Gomberg, Heiem, B.Sc. (Lond.), A.R.C.S., A.R.I.C. British. 45, Elliott Road, Hendon, N.W.4. Research Chemist 
at Paint Research Station. Signed by : S. H. Bell, D. R. Duncan, J. H. Nicholls. , 

Hatch, James William. Qualified Druggest. British. Hillsborough, Co. Down, Northern Ireland. Representative 
in Ireland for London firm of Manufacturing Chemists. Signed by : H. Graham, A. W. Stewart, T. E. Ellison. 

tHerzberg, Franz Moritz, Dr.Ing. (Freiberg and Dresden, Saxony, Academy of Mining). Technically Stateless, former] 
German. Solway Estate, Maryport. Managing Director, Hornflowa Ltd., ers of Plastics Raw Materia 
Powders and Mouldings. Signed by : Alex W. McLaren, R. Neiger, A. B. Coles. 

tHornby, Edward Stuart, B.Sc. (Lond.). British. 9, Cissbury Ring North, Woodside Park, N.12. Chemist. Signé 
by : H. G. Poole, C. K. Ingold, Henry Terrey. 

*Jenkins, Eric Neil, B.Sc.Hons. (Wales). British. 28, Broomsleigh Street, West Hampstead, N.W.6. Organic researcl 
assistant to Messrs. Milton Antiseptic Ltd. Signed by : K. O. Michaelis, C. W. Davies, Kurt Heller. 

tJones, Francis Bernard, B.Sc. (Lond.). British. 55, The Chase, Wallington, Works Chemist at British Drug Hous 
Ltd. Signed by : Kenneth J. Verrill, S. G. Long, E. L. Cooper. - 

Linnett, John Wilfred, M.A.:and D.Phil. (Oxon.). British. The Queen’s College, Oxford. University Demonstrat0 
in onroragata and Fellow of The Queen’s College, Oxford. Signed by: Ronald P. Bell, B. Lambert, D. 
Hammick. 

(b)Loneragan, Ronald James, Inter.B.Sc. (Lond.). British. 3, Somerset Road, Edmonton, N.18. Clerical Assistatl 
(C.D.), Town Clerk’s Office, Town Hall, Wembley, intending to return to Plastics Laboratory. Signed by: ¥. W 
West, W. Gerrard, D. H. Richardson. 
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(b)Loveridge, Brian Arthur, B.A.Hons. (Harvard). One year spent in polarographic research. British. The Technical 
Staff Mess, Royal Aircraft Establishment, South Farnborough. Employed by the Royal Aircraft Establishment, 
M.A.P., on electro-chemical research. Signed by : W. F. K. Wynne-Jones, J. A. Wrenn, G. A. Earwicker. 

+Matthews, John Bryant, B.Sc. and Ph.D. (L’pool), 8 years Post-Graduate research experience. British. 18, The 
Groves, Chester. Research Chemist. Signed by : J. Stewart Cook, W. C. Peck, F. M. Wright. 

+0’Brien, Eric Ackerley, B.Sc.Tech. (Manc.), F.R.I.C. British. 20, Egerton Road, Monton, Eccles. Cereal Chemist. 
Signed by : W. P. Ford, H. C. Freeman, D. W. Kent-Jones. 

Pianka, Max. Polish. 106, Belsize Road, N.W.6. Laboratory Chemist, Organic Research Laboratories, Dufay-Chromex. 
Signed by : R. W. West, D. H. Richardson, W. Gerrard. 

(b)Roberts, Evan, B.Sc.Hons. (Wales). British. 11, County Road, Penygroes. Research. Signed by : E. D. Hughes, 
W. Rogie Angus, Gwilym T. Jones. 

*Russell, Keith William. London University. Matriculation, Higher School Certificate with Intermediate Exemption, 
London University Subsidiary Radio-Physics.. British. Connaught Hall, Wessex Lane, Swaythling, Southampton. 
Student studying for B.Sc. Special Chemistry at University College, Southampton. Signed by : S. H. Harper, 
N. K. Adam, K. R. Webb. 

(b)Topper, Harry Hyman, B.Sc. (Lond.), A.R.C.S. British. 15, Dunsany Road, W. 14. «Research Chemist in Varnish 
Laboratory at Messrs. Jenson & Nicholson, Ltd. (Robbialac Company). Signed by: H. V. A. Briscoe, A. A. 
Eldridge, H. J. Emeléus. 

{Walton, Arthur, M.Sc. (Manc.), F.R.I.C. British. 92, St. James’ Road, Blackburn. Head of Science Department, 
Blackburn Technical College. Signed by : J. E. Wynfield Rhodes, M. A. Phillips, Eric S. Gyngell. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


(Klein, Max Berthold, M.D. (Leipzig). British. c/o Grindlay & Co., Ltd., Mint Road, Bombay. Major, Indian 
Medical Service. Signed by: S. S. Bhatnagar. 

tTauch, Ernest John, B.S. (Michigan State College). U.S.A. 3092, Broadway, Cleveland, 15. Research Supervisor, 
Grasselli Chemical Department, E.I. du Pont de Nemours & Co. Signed by: E. K. Bolton. 


* Reduced annual subscription. + Three-body. 


(a) Junior Membership two-body. 
t Two-body. 


(b) Junior Membership three-body. 





PAPERS RECEIVED 


List of papers received between April 9th and May 17th, 1945. (This list does not include the 
titles of papers which have been read at a Scientific Meeting or which have appeared in the Journal.) 


“The constituents of expressed West Indian lime oil.’”” By A. G. CALDWELL and E. R. H. Jones. 

“The alkaloids of Gelsemium sempervirens. Part I.’ By W. G. C. Forsytu, S. F. MARRIAN, and 
T. S. STEVENS. 

“The effect of mglecular environment on the absorption spectra of organic compounds in solution. 
Part IV. Dienones and dienals.’”’ By L. K. Evans and A. E. Giiam. 

“ A note on some derivatives of eugenol and cis- and trans-isoeugenol.’’ By T. F. West. 

“Heat deactivation of a palladium catalyst.’”” By D. T. Grsson. 

“The synthesis of 3-methylisoquinolines. Part I.’’ By G. R. CLemo and J. H. TurNBULL. 

“ An improved glass electrode cell assembly.”” By G. E. CoaTEs. 

“The reaction of acrylonitrile with aliphatic alcohols.” By J. H. MacGrEGor and C. Pueu. 

“The synthesis of substances related to the sterols. Part XLIV. dl-cis-Equilenin.’”’” By A. J. Brrcn, 
(Mrs.) R. JAEGER, and Str ROBERT ROBINSON. 

“The preferential reduction of nitro-groups in polynitro-compounds. Part II. Picric acid and 3: 5- 
dinitro-o-cresol. An almost “quantitative preparation of picramic acid.” By H. H. Hopcson 
and E. R. Warp. : 

“The kinetics of halogen addition to unsaturated compounds. Part VII. Bromine addition in CCl, 
PhCl, and CHCl.” By P. B. D. pE 1a Mare, R. A. Scott, and P. W. RoBERTSON. 

“Synthesis of amino-sulphones.’”” By A. A. GOLDBERG and (in part) D. M. Brsty. 

“Structure of benzene. Part XI. Introductory consideration of the spectral properties of the 
vibrations of some deuterated benzenes.’’ By C. R. Bamey, C. K. Incotp, H. G. Poors, and 

GL. Wizson. 

Structure of benzene. Part XII. Preparation of deuterated benzenes by the Grignard reaction. 

. ., Mono- and 1 : 4-di-deuterobenzene.” By L. H. P. WELpon and C. L. Wirson. 

Structure of benzene. Part XIII. Hydrogen exchange reactions with benzene derivatives. 
Preparation of 1:3: 5-tri-, 1: 2:4: 5-tetra-, and penta-deuterobenzene.” By A. P. Best and 

..,&: L. Witson. 

Structure of benzene. Part XIV. Limitations of the decarboxylation method for preparing partly 
deuterated benzenes.’”” By L. H. P. WELDON and C. L. Wirson. 
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“Structure of benzene. Part XV. Experimental methods for Raman spectroscopy, including a micro. 
method. Revision of the Raman spectrum of hexadeuterobenzene.”” By H. G. Poore. 

“Structure of benzene. Part XVI. Experimental methods for infra-red spectroscopy. Note on the 
infra-red spectrum of hexadeuterobenzene.’’ By C. R. BaiLey, S. C. Carson, and C. K. Incotp, 

“Structure of benzene. Part XVII. The Raman and infra-red spectra of 1 : 3 : 5-trideuterobenzene. 
Description and analysis.’’ By C. R. Battey, J. B. Hate, (Miss) N. HERzFELD, C. K. INcozp, 
A. H.Lecxie, and H. G. Poote. 

“Structure of benzene. Part XVIII. The Raman spectra of 1 : 4-dideuterobenzene and 1 : 2 : 4:5. 
tetradeuterobenzene. Description and analysis.” By (Miss) N. HERZFELD, J. W. Hospen, C. kK. 
INGOLD, and H. G. Poo.e. 

“Structure of benzene. Part XIX. The infra-red spectra of 1 : 4-dideuterobenzene and 1 : 2: 4:5. 
tetradeuterobenzene. Description and analysis.”’ By C. R. Bartey, S. C. Carson, R. R. Gornoy, 
and C. K. INGOLD. 

“Structure of benzene. Part XX. The Raman and infra-red spectra of monodeuterobenzene. 
Description and analysis.” By C. R. BAILEy, R. R. Gorpon, J. B. HALE, (Miss) N. HERzrExp, 
C. K. INGOLD, and H. G. Poote. 

“Structure of benzene. Part XXI. The inactive fundamental frequencies of benzene, hexadeutero- 
benzene and the partly deuterated benzenes.’’ By (Miss) N. HERZFELD, C. K. INGOLD, and H. G. 
POOLE. 

“The metal-catalysed reaction between acetylene and hydrogen. Part V. Reaction over palladium, 
iron, and some other catalysts.’’ By J. SHERIDAN. 

“The quantitative estimation of xylose.’” By L. J. BREppy and J. K. N. Jones. 

“‘ Chemical conversion of B-carotene into vitamin A.’”’ By R. F. HUNTER and N. E. WILLIAMs. 

“The system sodium carbonate-sodium borate—water at 35°.”” By L. M. HILt. 

“The reaction between 1-thiolbenzthiazole and trichlorotriethylamine.”’ By R. F. REYNOLDs. 

“ The nitration of 3-acetamidoacetophenone.”’ By W. A. WATERS. 
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OFFICIAL ANNOUNCEMENTS 


DEATHS. 
The Council regret to announce the deaths of the following Fellows : 


Elected. Died. 
Charles Edwin Corfield April 28th, 1945. 
Viscount Exmouth June 7th, 1945. 
Sir Martin Onslow Forster ..... Rt ee cathe shdswaee May 23rd, 1945. 
Archibald Walker June 10th, 1945. 


20TH ANNIVERSARY OF THE ACADEMY OF SCIENCES OF THE U.S.S.R. 
The following letter was received from the Ambassador of the U.S.S.R. in Great Britain : 


19th May, 1945. 
DEAR MR. PRESIDENT, 


From June 15th to 28th the 220th Anniversary of the Academy of Sciences of the Union of Soviet 
Socialist Republics will be celebrated in Moscow and in Leningrad. 

The Academy of Sciences of the U.S.S.R. have requested me to inform you of this and to express 
their hope that The Royal Chemical Society will take part in the celebration of this Jubilee by sending 
their Representative to the Jubilee festivities. 

It will be greatly appreciated by the Academy of Sciences of the U.S.S.R. if you will be good enough 
to let them know as early as possible the full name, scientific degrees, official capacity and the private 
address of your Representative to enable the Academy to send their invitation to him. 

Yours sincerely, 
(Sgd.) F. GousEv, 
Ambassador of the U.S.S.R. in Great Britain. 


The Council are glad to report that Professor F. G. Donnan agreed to represent the Society at the 
Celebrations and to present the following Address on behalf of the Society :— 


THE CHEMICAL SOCIETY 
TO THE 
ACADEMY OF SCIENCES OF THE UNION OF SOVIET SOCIALIST REPUBLICS. 


We, the President, Council and Fellows of the Chemical Society learn with the greatest pleasure that 
the Academy of Sciences of the Union of Soviet Socialist Republics will celebrate in June 1945 the 220th 
Anniversary of its Foundation, and we offer our warmest congratulations on this auspicious occasion. 

Many scientists of world-wide reputation. have been associated with your Academy ever since the 
early days when Lomonosov won imperishable renown ‘by his remarkable discoveries in physics and 
chemistry. 

In mall recent years the election of Semenov and Zelinsky, two distinguished members of the Academy, 
as Honorary Fellows of the Chemical Society, has signalized our great appreciation of the services the 
Academy has rendered to the science of Chemistry. hy 

We recognise the very high place which the Academy occupies in the fully organized plan of national 
development in the Union of Soviet Socialist Republics and the’ splendid contributions which are now 
being made, under its direction, to science and to civilisation: 

In the period of reconstruction and peaceful development which is now before us we hail with immense 
satisfaction the part which the members of your Academy, enhancing their fame, continue to play in the 
Progress and development of Science. 


Signed on behalf of the Chemical Society this Twelfth day of June One thousand Nine Hundred 
and Forty-five. 
. (Signed) W. N. Hawortu. President. 
F. P. Dunn. Treasurer. 
G. M. BENNETT. } Honorary . 
Wa. WarDLAW. } Secretaries. 
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CONGRATULATIONS. 

The congratulations of the Council have been sent to Professor Robert Wallace, who completed 6 
years of Fellowship on June 4th, 1945. 
ACKNOWLEDGMENTS. 

The thanks of the Council have been conveyed to Messrs. D. I. Duveen, W. C. D. Rosney, and 
D. G. Wilkinson for gifts of publications of the Society. 
HONORARY SECRETARY 

The Council have mieiaied with 8 the resignation of Professor H. V. A. Briscoe as Honorary 
Secretary, and have appointed Dr. J. L. Simonsen, F.R.S., to this Office. 
RESEARCH GRANTS. 

The Council have made the following grants from the Research Fund : 

Plant products of New Zealand (L. H. Briggs) 

Photochemistry of parasantonide (S. Mitchell) 


Molecular association in the esters of carbamic and thiocarbamic acids (N. G. Reynolds) 
Synthesis of some pheriylene carbazoles (A. R. Somerville) 


LOCAL REPRESENTATIVE FOR EXETER. 
Dr. S. J. Gregg has accepted the invitation of the Council to act as Local Representative for Exeter, 


COMMITTEES. 

The Council have conveyed their thanks to the retiring members of Committees for the services they 
have rendered to the Society. 

The following Committees have been appointed for 1945—1946 : 


Finance and General Purposes Committee. 
F. H. Carr, J. W. Cook, A. E. Dunstan, Sir Alfred Egerton, G. I. Finch, I. M. Heilbron, W. H. Mills, 
Sir Robert Pickard, together with the Officers, the Chairman of the Publication Committee and the repre- 
sentative of the Joint Library Committee on the Council of the Chemical Society. The President as 


Chairman, Treasurer as Vice-Chairman, and the General Secretary as Secretary. 


Publication Committee. 


.C. N. Hinshelwood, as Chairman, N. K. Adam, M. P. Applebey, W. Baker, E. J. Bowen, J. E. Coates, 
J. W. Cook, E. G. Cox, H. J Emeléus, C. R. Harington, T. A. Henry, D. H. Hey, E. L. Hirst, C. K. 
Ingold, D. J. G. Ives, E. R. H. Jones, J. Kenyon, F. E. King, F. G. Mann, H. W. Melville, T. S. Moore, 
R. G. W. Norrish, M. Polanyi, H. Raistrick, B. C. Saunders, J. L. Simonsen, J. C. Smith, H. W. Thompson, 
together with the Officers, and the Editor as Secretary. 


Research Fund Committee. 


N. K. Adam, A. J. Allmand, J. E. Coates, J. W. Cook, H. McCombie, J. Kenyon, Sir Robert Robinson, 
J. L. Simonsen, A. R. Todd, together with the Officers. The President as Chairman, and the General 
Secretary as Secretary. 
Publications Exchange Committee. 


A. J. Allmand, H. Bassett, J. Kenyon, G. A. R. Kon, together with T, A. Henry (ex-officio repre- 
sentative of the Joint Library Committee on the Council) and the ‘Gticen, with the Librarian as 
Secretary. 

GENERAL SECRETARYSHIP. 
Dr. David C. Martin, who succeeds Mr. S. E. Carr as General Secretary, will take up his duties as from 
August Ist, 1945. 
LIBRARY. 
The hours during which the Library is open have recently been extended, and are now as follows: 
Monday to Friday 10 a.m. to 6 p.m. 
Saturday 10 a.m. to 5 p.m. 


The Library will be closed for revision and ~~ from August 6th to August 18th inclusive. 


FELLOWSHIP. 
The following 112 candidates were elected Fellows of the Chemical Society on May 17th, 1945: 





*Barlow, Audrey, B.Sc.Hons. (Manc.). 
*Bell, Ronald. British. 


Denis Adlington. 
Leslie Airey. 
ohn William Albans. 
\oseph Robert Barr. 
Eustace Cecil Barton-Wright. 
ohn Stewart Beard. 
ohn Guy Bedford. 
Herbert Stanislaus Boyd-Barrett. 
Clarence Fairbank Buckley. 
John wy wRowaty can 
Robert rge Carson. 
Wilfred Eric Chapman. 
Cyril Bradbury Charlton. 
Gauri Shankar “1 =e 
Herbert Edmund Clarke. 
Hugh Wilson Davidson 
Frank Dearnley. 
Sandur Champion Devadatta. 
ames Bryan Diggory. 
[ethibald Walter Eric Downer. 
Richard Oakley Montague Eden- 
borough. 
Kenneth Boothby Everard. 
Allan James Faulks. 
Hugh Nigel Felkin. 
Eric Sidney John Fry. 
Douglas George Furzey. 
Gordon Neville Gadsby. 
John Baxter Gardner. 
Munir Gindy. 
Henry David Glenton. 
Bruce Cowper Goodfellow. - 
Norman Michael Green. 
Barbara Evelyn Halcrow. 
Peter Hey. 
Ronald Hicks. 
George Mason Hills. 
Dennis Holden. 
Ernest Clifford Holdsworth. 
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ames Ronald Holker. 
ing-Tsung Huang. 

Robert Isherwood. 
Frank Woolgar Jarvis. 
Leslie Victor Johnson. 
Tames Dillwyn} Jones. 

ames Di oseph. 
Albert Edward Kaye. 
Austin William Kenchington. 
Kenneth Walter Lloyd Kench- 

ington. 

Carl Aloysius Kerr. 
Vattarmadom Rama Krishnan. 
Erwin Ernest Larner. 
Albert Edward Laxton. 
Oscar Martin Lee. 
Derek Drury Lord. 
John Waring Lucas. 
Peter Edward Macey. 
Andrew Hamilton McIntosh. 
Thomas MacKay. 


Howard Hamlet Gordon McKern. 


Kenneth Wilshire McKerns. 

Frederick Cecil Barron Marshall. 

Leslie Edward Martin. 

Edward Leon Philip Mercy. 

Gilbert Archibald _Maldwyn 
Mitchell. 

Robert Lyell Mitchell. 

Robert George Monk. 

Barry Philip Moore. 

Douglas Sydney Morris. 

Leslie Alexander Munro. 

Arthur Basil Naish. 

Mangalam Ramaswamy Natara- 
an. 

Francis Charles Neale. 

John William George Neuhaus. 

Charles Roy Norton. 





Louis O’Dea. 

William Anthony Osman. 

Adolf Gustav Parts. ° 

Frederick George Edward 

Pautard. 

Arthur Braime Phillips. 

Donald Waring Powell. 

Richard St. John Preston. 

om Charles Lovell Resuggan. 
ames Maurice Ridgion. 

Noel Victor Riggs. 

Gordon Arthur Norgate Robinson. 

Kenneth Edwin Russell. 

Sadgopal. 

Marcus Lazarus Sapiro. 

Geoffrey Skirrow. 

Harry Smith. 

Peter Robert William Smith. 

Arthur Henry Snowden. 

Edgar Clynton Ross Spooner. 

Walter Wilfred Stevenson. 

Malcolm Gordon Stewart. 

Francis Cecil Storrs. 

Geoffrey Sugden. 

Eric Frederick Joffre Tomalin. 

Cedric James Threlfall. 

Robert Burns Valentine. 

Marcus Arthur Weinberger. 

Archibald Parker Welch. 

Roy Whalley. 

Bryan Albert Charles Wilcher. 

William Owen Montague Williams. 

Edward James Wilson. 

Stanley Wilson. 

Arthur Baker Winterbottom. 

Albert John Woiwod. 

Reginald George Wynne. 

John Terence Yardley. 

John Roger Young. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the Honorary Secretaries 


not later than Monday, July 30th, 1945. Such objections will be treated as confidential. 
displayed in the Library.) 


tAdams, John Thomas, A.R.I.C., Assoc.M.C.T., over 25 years Chemical Laboratory and Research Experience. 


The forms of application are 


British. 


41, Orford Road, Warrington, Research Chemist, I.C.I. (General Chemicals), Ltd. Signed by :' L. J. Burrage, 


L. A. Haddock, O. D. Mooney. 


*Anderson, William. British. 932, Govan Road, Govan, Glasgow, S.W. 1. 
University of Glasgow. Final year. Signed by : J. W. Cook, S. Horwood Tucker, John A. Mair. 


British. 6, Granary Lane, Worsley, Manchester. 


by: F. S. Spring, A. E. Gillam, A. H. Gowenlock. 


Tynedale, Front Street, Prudhoe-on-Tyne. 
Chemistry, King’s College, Newcastle on Tyne. 
Berkman, Wolfe, B.Sc. (Cape Town). South African. 


pathologist. Signed by : Max Lamchen, W. Pugh, P. C. Carman. 


tBlackmore, Richard Lye, B.Sc. (Lond.). 


British. 43, Swains Lane, Highgate, N. 6. Research Chemist. 


Michael F. Carroll, B. Dudley Sully, Denis C. Quin. , 


Bonnell, David Glynwyn Robert, M.Sc. and Ph.D. (Wales), Formerly Fellow of the University of Wales. 
Building Research Station, Bucknall’s Lane, Garston, Watford. Principal Scientific Officer. 


Lea, G. E. Bessey, W. G. Grindle. 


tBoyes, William Harry Douglas, B.Sc.Hons. and Ph.D. (Edin.). 
Plant Superintendent, Imperial Chemical Industries (Explosives) Ltd. Signed by : 


Campbell, Christina C. Miller. 


“Brown, Fred, B.Sc.Hons. (Manc.). British. 


British. 


University. Signed by: J. K. N. Jones, E. L. Hirst, F. S. Spring. 
(b)Brown, John Frederick, A.R.C.S. British. 30, Princethorpe Road, Sydenham, S.E.26. Research Assistant, I.C.I. 
Signed by ; B. Atkinson, P. A. Robins, P. C. Bull. 


(Clarke, Geoffrey Donald, 


; by: J. C. Crocker, F. H. Lowe, R. Leslie Collett. 
iCleave, Dennis Percy Collin. British. 41, Westfield Road, Barnehurst. In charge of research and development 


connected with building materials and allied products. 


Student in Chemistry (Hons.) at the 


Research Student. Signed 


Student, Final year for Honours B.Sc. in 
Signed by : Richard Raper, Wesley Cocker, G. A. Swan. 
125, Main Road, Parow, Cape Town. Biochemist to a private 


Signed by : 


British. 
Signed by : F. M. 


193, Bruntsfield Place, Edinburgh, 10. 


E. G. V. Percival, Neil 


10, Harling Street, Rosegrove, Burnley. Research Student, Manchester 


B.Sc. (Lond.), A.R.I.C. British. 50, Woodfield Avenue, Gravesend. Lieut. R.E. Signed 


Signed by : A. C. Davis, M. S. Smith, W. F. Bennett. 
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ase ve William Wesley. British. 27, Foxton Avenue, Cullercoats, Whitley Bay. 3rd Year honou; 

student, King’s College, Newcastle. Signed by : Richard Raper, Wesley Cocker, G. R. Clemo. 

(a) setiein, Jack, Subsidiary B.Sc.(Physics) London (Ext.), studying for Special Degree (Chemistry). British. 137 
Raby Road, West Hartlepool. Laboratory Assistant, engaged on research work. Signed by: A. J. Prince, 
M. P. Applebey, Michael H. M. Arnold. 

+Dunn, George, B.Sc.Hons. (Glasgow). British. Elnathan, Nelson Street, Dunoon. Serving with H.M. Forces, 
Signed by : Henry G, A. Anderson, Edmund Bishop, Ezra Golombok. 

Duval, Bruce. Matriculation. British. 24, Green Curve, Nork Park, Banstead. Laboratory Assistant. Signed by ; 
R. H. Hall, Alec Elce, ©. B. Maddocks. 

tEade, Douglas Grey, M.Sc. (Wales), A.R.I.C. British. 10, Alba Avenue, Taibach, Port Talbot. Shop Manager, 
Royal Ordnance Factory, Bridgend. Signed by : Lynn F. Jones, P. J. West, J. E. Coates, L. E. Hinkel. 

tEmlyn, James Alan, F.R.I.C. British. 4, Handside Green, Welwyn Garden City. Works Manager, Roche Products, 
Ltd. Signed by : Nathan C. Hindley, F. Bergel, A. Cohen. 

(b)Ferguson, John McNeill, B.Sc.War Hons. (Glas.). British. c/o Stephen, 153, Raeberry Street, Glasgow, N.W. 
Assistant Chemist, Beattie’s Bakeries, Ltd. . Signed by : J. W. Cook, James Bell, J. Monteath Robertson. 

tHalsall, Thomas Gilbert, B.Sc.Hons. (Manc.). British. 14, Garthwaite Avenue, Oldham. Research Student in 
Organic Chemistry, Manchester University. Signed by: A. E. Gillam, J. K. N. Jones, E. L. Hirst. 

*Gelles, Edward. London Higher Schaols. Open Scholarship at Balliol College. Austrian. Balliol College, Oxford, 
Reading for Honours B.A. in Chemistry at Oxford. Signed by : Ronald P. Bell, F. E. King, D. Ll. Hammick. 

*Gellner, John George, Czechoslovak. 21, Rosebery Crescent, Newcastle on Tyne, 2. Third year Honours Student in 
Chemistry. Signed by : Wesley Cocker, G. R. Clemo, Richard Raper. 

tKatscher, Ernst, D.Phil. (Vienna). Austtian. 1, Trowbridge Road, Bradford on Avon. Research Chemist at United 
Domestic Industries. Signed by : R. C. Peter, F. B. Meech, F. E. Needs. 

tKey, Arthur, B.Sc.Hons., Ph.D., and D.Sc. (Leeds). British. Caxton House, Tothill Street, S.W.1. Chemical 
Inspector, Ministry of Health. Signed by: J. W. Baker, F. J. Dent, W. A. Wightman. 

tLockhart, George Watson, B.Sc. (Edin.). Sgpttish. 40, Henrietta Street, Ashton under Lyne. Research Chemist with 
John C. Carlson, Ltd., Weir Mill, Mossley, Lancs. ‘Signed by : Neil Campbell, E. G. V. Percival, Mowbray Ritchie. 

*Long, Frank, B.Sc.Hons. (Manc.). British. 12, Central Avenue, Woodheys, Sale. Research Student. Signed by: 
F. S. Spring, H. T. Openshaw, A. E. Gillam. 

tMcDavid, James Wallace, C.B.E., M.Sc. (Manc.), D.Sc. (Edin.), F.R.I.C., M.I.Chem.E. British. Crescent Park, 
Ardrossan. Joint Managing Director I.C.I. (Explosives), Ltd. Signed by: J. Weir, A. G. White, David Traill. 

tMarks, Augustus James. 15 Years engaged on manufacture of organic and heavy chemicals, and erection and main- 
tenance of plant. British. 4, Mount Royd, Manningham, Bradford. Managing Director of A. H. Marks & 
Co., Ltd. -Signed by : H. J. Hodsman, D. T. A. Townend, T. G. Carruthers. 

(b)Marsh, Charles Arnold. Internal student, London University, Passed B.Sc.(Gen.) in Physics as subsidiary subject 
for B.Sc.(Hons.) Chemistry. British. 176, Artic Road, Cowes. Member of H.M. Forces. Previous occupation: 
Research assistant chemist. Signed by: A. J. Edwins, G. Newbery, Julius N. Ashley. 

*Marsh, Harry. British, Woods Terrace, Murton Colliery, Co. Durham. 3rd year Honours Student in Chemistry. 
Signed by : R. Raper, G. A. Swan, Wesley Cocker. 

(a)Michelson, Michael. British. 29, Victoria Street, North Shields. Undergraduate, Final Hons. Chemistry, 
University of Durham. Signed by : Wesley Cocker, Richard Raper, G. R. Clemo. 

(a)Nicholson, George Almond. British. 3, Earsdon Terrace, Ryhope. Undergraduate, Final’ Honours Chemistry, 
University of Durham. Signed by : Richard Raper, Wesley Cocker, G. R. Clemo. 

Osborn, Harry William Edward, F.R.I.C., A.M.I.Chem.E. British. 43, Lyncroft Avenue, Pinner. Research and 
Development Chemist. Signed by: Alex. Findlay, H. J. T. Ellingham, R. Leslie Collett. 

(b)Reid, William Russell, B.Sc.Hons. (Edin.). Scottish. c/o Mrs. Buck, 63, Victoria Road, Stroud Green, N. 4. 

* Development Chemist with British Glues and Chemicals. Signed by : James Kendall, Neil Campbell, E. G. V. 
Percival. 

Robertson, Alan, B.Sc.Hons. (Lond.), 9 years industrial research. British. 4, Thames Avenue, Thornaby on Tees. 
Research Chemist. Signed by: M. P. Applebey, A. J. Prince, A. W. Taylor. 

+Shadbolt, Frederick Stanley, F.R.I.C. British. 11, Godstone Road, Kenley. Research Chemist. Signed by: Alex 
Findlay, H. J. T. Ellingham, R. Leslie Collett. 

(b)Smales, Geoffrey Irving, B.Sc.Hons. (Lond.). British. 21, Orchard Avenue, Shepherd’s Lane, Dartford. Analytical 
Chemist at the Wellcome Chemical Works. Signed by : G. E. Foster, R. Lindsay Grant, T. Dewing. 

tWalters, William Ivan, A.M.I.A.E., F.R.S.A., Member of Institute of Metals and Iron and Steel Institute. British. 
1, Monks Road, Banstead. Chairman and Managing Director of ‘“‘ The Walterisation Co., Ltd.’’ Purley Way, 
Croydon. Signed by : J. W. Smith, Sunil C. Mukhopadhyay, P. F. Holt. 

Weller, Owen George, B.Sc.Hons. (Lond.), A.R.C.S., A-.R.I.C. British. c/o Royal Empire Society, Northumberland 
Avenue, W.C. 2. Chemist employed by Burmah Oil Co., at Digboc Refinery, Upper Assam. Signed by: A. A. 
Eldridge, L. S. Theobald, P. C. Bull. 

(b)Whitham, Barclay Thorpe, B.Sc.Hons. (L’pool), A.R.I.C. British. 1, Grafton Drive, Upton, Wirral. Research 
Chemist, Shell Marketing and Refining Co., Ltd. Signed by : C. N. Thompson, R. B. Bentley; S. A. Bryant. 
Woolf, Lewy Isaac, B.Sc. (Lond.). British. c/o Research Department, Messrs. Allen & Hanburys, Ltd., Ware. 

Research Chemist. Signed by : C. K. Ingold, H. G. Poole, J. N. E. Day. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Gould, George Charles, F.R.S:A., M.Inst.P., M.Inst.F., Mem.A.S.M.E. English. Sind Club, Karachi, India Command. 
Deputy Assistant Director Mechanical Engineers. Signed by : S. S. Bhatnagar. 

Mowry, David Thomas, B.A. (Wooster), M.Sc. and Ph.D. (Ohio State Univ.), American. Monsanto Chemical Compaty, 
Central Research Department, Nicholas Road, Dayton, Ohio, Research Chemist. Signed by : Charles Allen Thomas. 


* Reduced annual subscription. + Three-body. (a) Junior Membership two-body. 
t Two-body. (b) Junior Membership three-body. 
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PAPERS RECEIVED 


List of papers received between May 17th and June 2Ist, 1945. (This list does not include the titles 
of papers which have been read at a Scientific Meeting or which have appeared in the Journal.) 


“Decompositions of diazonium salts by sodium sulphite and sodium acetate. Part II. 3-Nitro-l- 
naphthylamine.”’ By H. H. Hopcson and D. E. Hatuway. 

“ Oxidative ring-closure in the Friedel-Crafts reaction. Part I. Condensation of 8-naphthoyl chloride 
with «a-methylnaphthalene.”” By G. D. BUCKLEY. . 

“Photo-reactions. Part XI. Reactions in’ sunlight involving: (a) Formation of triaryl methyl 
peroxides by the action of oxygen on triaryl methanes. (6) Dehydrogenation effected by oxygen. 
(c) Dehydrogenation effected by -benzoquinone and phenanthraquinone.” By A. SCHONBERG 
and AHMED MUSTAFA. 

“Electrolytic dissociation processes. Part IV. The ionisation of a carbon-halogen bond by inorganic 
halides.”” By F. FAIRBROTHER. 

“The associating effect of the hydrogen atom. Part XII. The N-H-N bond. The structure and 
tautomerism of cyanamides.’”’ By L. HUNTER and H. A. REEs. 

“Experiments on the synthesis of purine nucleosides. Part XI. The synthesis of 9-d-xylopyranosido- 
2-methylthioadenine and its conversion to 9-d-xylopyranosidoadenine.”” By G. A. Howarp, 
B. LyTHGOE, and A: R. Topp. 

“Oxidative ring-closure in the Friedel-Crafts reaction. Part II. Condensation of aromatic acid 
chlorides with naphthalene derivatives.’”’ By G. D. BUCKLEY. 

“The preferential reduction of nitro-groups in polynitro-compounds. Part III. The preparation 
of 3: 6-dinitro-1 : 8-naphthylenediamine from 1:3: 6: 8-tetranitronaphthalene.”’ By H. H. 
Hopeson, E. R. WARD, and J. S. WHITEHURST. 

“Structure of compounds of ferrocyanide type. Part I. Crystal structure of hexamethylisonitrilo 

. ferrous chloride.’”” By H. M. PowELt and G. W. R. BARTINDALE. 

“Chemotherapeutic agents of the sulphone type. Part I. Sulphones containing a #-aminophenyl 
group.” By J. WALKER. 

“Chemotherapeutic agents of the sulphone type. Part II. Sulphones related to benzamidine and 
benzylamine.”” By A. T. FULLER, (Miss) I. M. Tonkin, and J. WALKER. 

“Contributions to the chemistry of synthetic antimalarials. Part I. Some dialkylaminoalkylamino 
derivatives of pyridine and thiazole.” By J. N. ASHLEY and J. F. Grove. 

“The persulphate-iodide reaction. Part III. Specific effects of monovalent and bivalent cations. 
The activation energy of-the reaction.’”’ By W. J. HowE ts. 

“Attempts to find new anti-malarials. Part XXIV. Derivatives of o-phenanthroline (7 : 8: 3’ : 2’- 
pytidoquinoline).’’ By (Miss) B. E. Hatcrow and W. O. KERMACK. 

“Symmetrical dicarbocyanines having a methyl group as substitutent on the chain.”’ By (Miss) F. M. 
HAMER and R. J. RATHBONE. 

“ N-Substituted 5-aminoacridines.’’ By D. J. Dupré and F. A. Rosinson. 

“The resorcitols. Part I. Isolation of cis- and trans-isomers; some derivatives.’’ By W. RicBy. 

“The resorcitols. Part II. Resolution of trans-resorcitol.”” By W. RicBy. 

“The resorcitols. Part III. Oxidation products.” By W. RicBy. 

“a-Methylenic reactivity in olefinic systems. Part II. The reaction between olefines and phenyl 
iso-cyanate : evidence relating to the catalytic action of stannic chloride.’”’ By J. W. BAKER and 
J. B. Hotpswortu. 

“ N-2 : 4-Dinitrophenyl-N’-nitrourea: A reagent for primary. and secondary amines.’’ By (Miss) 

J. L. McVeicu and J. D. Rose. 

‘2: 4-Dinitrophenylsemicarbazide : A reagent for aldehydes and ketones.” By (Miss) J. L. McVEIcu 

and J. D. Rose. ; 

eactions of alkylisoformanilides. Part I. With carboxylic acids, sulphonic acids, and sulphon- 

amides.’’ By E. B. Knott. 


“New syntheses of heterocyclic compounds. Part IV. 3-Azaphenthiazines.’”’ By V. A. Perrow and 
E. L. REWALD. 


“ 


“Structure and antimalarial activity. Part I. Some acridine derivatives.” By (Miss) D; MurRtEL 

., HALL and E. E. TuRNER. 

Structure and antimalarial activity. Part II. isoAlloxazines, quinoxalines, and quinoxalocyclo- 
pentadienes.”” By (Miss) D. Murter Hatt and E. E. Turner. : 








@ 
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“ Studies on phosphorylation. PartII. The reaction of dialky. phosphites with polyhalogen compoun¢; 
in presence of bases. A new method for the phosphorylation of amines.’’ By F. R. ATHERToy 
H. T. OpENSHAW, and A. R. Topp. 

‘* 2-6-Aminobenzenesulphonamido-pyrimidines. Preparation by a novel route.” By F. L. Rog 
and G. SWAIN. 

“‘ Some derivatives of 2 : 2-bis-(4-chloropheny])-1 : 1 : 1-trichloroethane (DDT).’’ By O. G. BAcKEsEr; 

* and J. L. C. Marais. 

“ A contribution to the study of nicotine and the synthesis of 7-azaindole and derivatives.” By G. R, 
CLEemo and G. A. SWAN. 

“ Dissociation constant, solubility, and the pH-value of the solvent.’’ By H. A. Kress and J. ¢, 
SPEAKMAN. 





July, 1945. 


PROCEEDINGS 


Of THE 


CHEMICAL SOCIETY. 





OFFICIAL ANNOUNCEMENTS 
ACKNOWLEDGMENTS. 


The President has received the following letters in reply to his cables sent on the occasion of the 
Anniversary Meeting on April 19th, 1945: 
American Chemical Society, 
1155, Sixteenth Street, N.W.., 
Washington, D.C. 


April 25th, 1945. 
My DEAR PRESIDENT HAWORTH, 


On behalf of the Board of Directors and members of the American Chemical Society I wish to 
acknowledge with very real appreciation your cablegram just received sending us the cordial greetings 
from the Officers, Council, and Fellows of The Chemical Society at the time of your 104th anniversary 
and your sympathy on the great loss which recently came to our Country and the world. 

I sincerely trust that the great impediments that have come to both of our organizations incident 
to the war will soon be removed and that we may go forward together in advancing chemistry and its 
usefulness to mankind, which is the basic objective of both of our organizations. 

Sincerely yours, 
CHARLES L. PARSONS, 
Secretary. 





Société Chimique de Belgique, 
Rue des Carmelites, 164, 
Bruxelles. 


le 10 juin 1945. 
Mon CHER COLLEGUE, 


Jai lu ce jour devant nos membres, au cours de la premiére assembkée générale que nous avons 
eue depuis le début de la guerre, l’adresse que vous avez bien voulu nous envoyer a l’occasion du meeting 
du 104° anniversaire de la Chemical Society of London. 

C’est avec une émotion intense que nous avons recu ce message de nos amis et collégues d’Outre- . 
manche, le premier qui nous arrivait, aprés tant de dures années d’épreuves et d’oppression, du monde 
libre et fier qui nous a porté secours et nous a délivré par sa victoire totale. 

Au nom de tout nos membres, j’envoie 4 vous méme et a tous nos confréres de la Chemical Society, 
nos remerciements trés sincéres pour votre attention qui a touché notre coeur. J’exprime le voeu de 
voir les liens d’amitié entre nos deux pays et entre nos deux sociétés se resserrer encore plus intimement 
si possible que par le passé. 

Veuillez agréer, mon cher Collégue, l’assurance de mes sentiments les plus distingués. 

Le Président, 
‘ A. GILLET. 





Faculté de Médecine de Paris, 
12, rue de l’Ecole de Médecine, 
Paris VI. 
le 25 Avril 1945. 


MoN CHER PRESIDENT ET TRES HONORE COLLEGUE, 


Au nom de la Société Chimique de France dont j’ai l’honneur d’étre le Président depuis janvier 
1945, je vous adresse tous mes remerciements pour les sentiments si chaleureux et si cordiaux que vous 
avez exprimés dans votre télégramme du 19 avril. 

A mon tour je vous adresse, avec le cordial salut de la Société Chimique de France, l’expression de 
hos sentiments de vive admiration et de profonde reconnaissance pour la part prise par la Grande 
Bretagne dans la libération de notre sol et dans le triomphe de la liberté. 

Je vous ai adressé aujourd’hui par l’intermédiaire du Ministére des Affaires étrangéres un télégramme 
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rédigé en terms un peu laconiques mais dont voici le texte intégral: “‘ M. le Président de la Chemicy 
Society, Nous partegeons votre enthousiasme pour la victoire prochaine et votre foi dans l’avenir & 
l’humanité. Nous admirons les immenses efforts et les lourds sacrifices de la nation anglaise et de 
‘alliés pour libérer la France et nous restons profondément fidéles 4 l’amitié franco-anglaise. Nous vos 
adressons tous nos voewux pour la prospérité de la Chemical Society a l’occasion du 104éme anniversair 
de sa fondation. Tiffeneau.’’ 

Il me reste 4 vous remercier personnellement pour vos trés aimables attentions vis-a-vis de la Sociét; 
Chimique de France et je vous serais trés reconnaissant de vouloir bien exprimer tous nos remerciements 
a vos collégues du Conseil et aux membres de votre Société. Pour ma part j’avais déja écrit » 
septembre dernier au Secrétaire de la Chemical Society en le priant d’exprimer a la Chemical Society 
toute mon admiration pour le magnifique effort de la Grande-Bretagne venant. libérer la France 
Permettez-moi d’y ajouter mes sentiments personnels d’admiration pour l’apport considérable de 
chimistes anglais dans le progrés de la chimie et tout particuliérement ceux que vous-méme ave; 
réalisés avec vos nombreux éléves dans le domaine des sucres. 

Veuillez agréer, mon cher Président, avec mes sentiments de vive sympathie, l’assurance de ma 
considération la plus distinguée. 


M. TIFFENEAU. 





DEATHS. 
The Council regret to announce the deaths of the following Fellows : 


Elected. _ Died. 

Charles Kelway Bamber 1914 June 22nd, 1945. 
Frank Gossling 1890 June 21st; 1945. 
Richard Greenhalgh 1925 March 5th, 1945. 
Owen Lewis Hughes 1934 May 14th, 1945. 
Walter Eric James 1941 June 7th, 1945. 

Alexander Kenneth Miller 1880 June 19th, 1945. 
Clarence Smith 1904 June 28th, 1945. 


ACKNOWLEDGMENTS. : 
The thanks of the Council Have been conveyed to the Royal Society for a grant of £200 from the 


Government Grant towards the cost of the Society’s publications for 1945, and to Messrs. G. H. Elliott, 
J. R. Grey, A. Merrick and A. Wolff for presenting publications of the Society. 


FELLOWSHIP. 
The following 26 candidates were elected Fellows of the Chemical Society on June 21st, 1945: 


Peter William Arnold. . James William Hatch. John Bryant Matthews. 
Archibald Raymond Boyle. Franz Moritz Herzberg. _ Eric Ackerley O’Brien. 
beac um Cahill. Edward Stuart Hornby. Max Pianka. 

Arthur Henry John Cross. Eric Neil Jenkins. Evan Roberts. 

Jean Margaret Crum. Francis Bernard Jones. Keith William Russell, 
Peter Sidney Dunnett. Max Berthold Klein. Ernest John Tauch. 
James Arthur Edge. John Wilfred Linnett. Harry Hyman Topper. 
John Brook Fortune. Ronald James Loneragan. Arthur Walton. 

Heiem Gomberg. Brian Arthur Loveridge. 





LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the Honorary Secretaries 
within ten days of the date of publication of the Journal for July, 1945. Such objections will be treated as confidential. The 
forms of application are displayed in the Library.) 


tBernhardt, Frederick William. British. 19, Wilton Grove, Wimbledon, S.W.19. Chief Research and Analytical 
Chemist at Dussek Bitumen and Taroleum, Ltd., Empress Wharf, Sherman Street, Bromley by Bow, E.3. 
Signed by : Arthur L. Beattie, Vernon Harbord, L. G. Gabriel. 

(a)Beswick, Gordon, Inter.B.Sc. (Lond.). British. 14, Torrington Road, Swinton, Manchester. Student at the Royal 
Technical College, Salford, studying for B.Sc. Final. Signed by : E. G. Edwards, E. Isaacs, D. B. Kelly. 
(b)Coleman, Russell Neville. British. Cooper’s Arms, Commercial Road, Bulwell, Nottingham. Assistant Mining 

Chemist. Signed by: E. B. R. Prideaux, A. Smith, H. F. W. Taylor. 
Corker, Alfred Eric, A.R.I.C., Ph.C.,M.P.S. British. 22, Courtfield Gardens, $.W.5. Technical Assistant, Directorate 
of Medical Supplies, Ministry of Supply. Signed by : Alex. Findlay, R. Leslie Collett, H. J. T. Ellingham. _ 
(b)Durham, Raymond Wilson. 4 years’ Industrial experience. British. 14, Coniston Road, Stockton-on-Tees. First 
year Hons. Chem. Student, Durham University. Signed by : G. H. Christie, C. W. Gibby, W. A. Waters. 
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Elmore, Donald Trevor, B.Sc. (Lond.), A.R.C.S. British. University College, University Park, Nottingham. Research 
Assistant. Signed by : D. O. Jordan, J. Masson Gulland, E. O’F. Walsh. 
*Green, Mino, H.S.C. (Oxford and Cambridge). American. 27, Regents Court, Park Road, N.W.1. First year Hons. 
Chem. Student at the University of Durham. Signed by : G. H. Christie, W. A. Waters, C. W. Gibby. 
Hewson, William Arnold, B.Sc. (Lond.), A.R.I.C. British. 140, Farnaby Road, Bromley. Research Chemist with 
Radio Transmission Equipment, Ltd., 122, Brixton Hill. Signed by: R. Ll. Rees, G. White, J. M. Allan. 
tLinton, Keith Frank Astell, B.Sc. (Lond.), D.I.C., A.R.I.C. British. 3, St. Philips Road, Surbiton. Chemist, 
Southern Railway Co. Signed by : Ernest A. Dancaster, J. Kenyon, L. L. Katan. 
{Park, James Ritchie, M.Sc. (Lond.). British. 10, Crooksbarn Lane, Norton, Stockton-on-Tees. Chemist, I.C.I., Ltd. 
- (Billingham Division). Signed by : A. J. Prince, M. P. Applebey, G. I. Higson. 
*Pegg, John Arthur, Natural Science Exhibitioner, Magdalen College, Oxford. British. 66, Mackenzie Street, Derby. 
Studying for an Honours Degree in Chemistry at Oxford University. Signed by : Ronald P. Bell, F. E. King, 
L. E. Sutton. 
tPinniger, Edward Bertram. British. Dalegarth, 5, Endlebury Road, Chingford, E.4. Chemist and Technical 
Manager, The British Homophone Co., Ltd., New Cross. Signed by : R. Bruce Harley, J. R. 1. Hepburn, Charles 
G. M. de Worms. 
*Powell, Gwyneth Audrey. British. St. Hilda’s College, Oxford. Reading for Honours Degree in Chemistry. Signed 
by : Ronald P. Bell, H. W. Thompson, C. N. Hinshelwood. 
*Pridgeon, Eleanor Mary, B.Sc. (Lond.). British. River Farm, Keddington, Louth, Lincs. School Teacher. Signed 
by : E. E,. Turner, Mary S. Lesslie, Margaret M. Jamison. 
*Purssell, Anthony John Richard. British. Underhayer, St. Stephens, Launceston. Honours Chemistry Student, 
Oxford University. Signed by : Ronald P. Bell, D. Ll. Hammick, Harry Irving. 
Rushton, Arthur, Inter.B.Sc. (Lond.), M.R.S.T., Certificated Schoolmaster. British. High Hill, Essington, near 
Wolverhampton. Senior Science Master at Heaton Moor College, Stockport. Signed by : Joseph H. Roberts, 
H. T. Openshaw, A. E. Gillam. 
Soames, Thomas Arthur, B.Sc.Hons. (Lond.). British. 115, St. Paul’s Avenue, Kenton. Research Chemist, Messrs. 
Coates Bros. & Co., Ltd., Easton Street, W.C.1. Signed by: F. A. Askew, D. G. Jones, H. D. K. Drew. 
(b)Shapland, John Dee, Inter.B.Sc. (Scholarship at Imperial College). British. Chislehurst, Sydenham Villas Road, 
Cheltenham. Student. Signed by: A. A. Eldridge, H. V. A. Briscoe, A. G. Pollard. ; ; 
*§mith, Julian Ross. British. Tanford, 87, Wrottesley Road, Tettenhall, near Wolverhampton. Honours Student 
Chemistry, Oxford University. Signed by : Ronald P. Bell, D. Ll. Hammick, R. S. Asquith. 
Stopes-Roe, Harry Verdon, B.Sc. (Lond.), A.R.C.S. British. Norbury Park, near Dorking. University Teacher. 
Signed by : A. A. Eldridge, J. A. Kitchener, H. V. A. Briscoe. 
Thomas, Leo Harvey, M.Sc. (Wales), A.R.I.C. British. 9, Aubrey Road, Penygraig, Rhondda. Chemistry Lecturer 
at the School of Mines and Technology, Treforest. Signed by : W. J. Jones, S. T. Bowden, N. M. Cullinane. 
*Trotman-Dickenson, Aubrey Fiennes. British. Balliol College, Oxford. Reading for Honours Degree in Chemistry 
Signed by : Ronald P. Bell, W. A. Cowdrey, H. W. Thompson. 
*Taylor, Helan Vivien. British. Troutbeck Hotel, Ilkley. Reading for Honour’s Degree in Chemistry (Oxford). 
Signed by : Ronald P. Bell, H. W. Thompson, John Gadsby. 
Truesdale, Thomas. Higher National Certificate in Chemistry. British. 26, Partington Street, Heywood, Lancs 
At present serving in H.M. Forces. Signed by : O. Rhys Howell, John K. Wood, G. Baddeley. 
tWhite, Ernest Eric, Inter.B.Sc., Final B.Sc. Physics, subsidiary (Lond.), A.R.I.C. British. 62, St. Andrews Road, 
Ilford. Senior Chemist with The Plessey Co., Ltd., Vicarage Lane, Ilford. Signed by : W. H. Simmons, E. R. 
Wellburn, J. O. Lay. . 
*Williams, Gareth Howel, B.Sc.Hons. (Lond.), awarded November, 1945. British. 16, Esmond Road, Bedford Park, 
W.4. Research Student, University College. Signed by : H. G. Poole, J. N. E. Day, Henry Terrey. 
{Winsnes, Paul Hesbo, Associate of Leathersellers’ Technical College, British. Mayfield, Cheltenham Avenue, Ipswich. 
Chemist and Works Manager with Messrs. W. & A. J. Turner (Ipswich), Ltd., The Tannery, Bramford Road, 
Ipswich. Signed by : M. P. Balfe, J. H. Bowes, R. G. Wallis. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Beyerman, Hugh Christiaan, dipl.Ing.chem., D.Sc. (Zurich). Dutch. Hyde House, 51, Queensborough Terrace, W. 2. 
Technical Staff of the Netherlands Government, c/o Department of Trade & Industry, Stratton House, Stratton 
Street, W.1. Signed by’: L. Ruzicka. : 

Buu-Hoi, Ng. Ph., B.Sc. (Hanoi), D.Sc. (Paris). Licencié-és-Sciences, pharmacien ancien Interne des H6pitaux, Lauréat 
de l’Académie des Sciences (Paris). Free Indochinese. 17, Rue des F&ssés Saint-Marcel, Paris, Ve. Chargé de 
Recherches 4 l’Ecole Polytechnique and Chimiste de l'Institut du Radium, Patis. Signed by : J. W. Cook. 

Hoehn, Willard Max, A.B.S. (Blackburn College), B.S. (Univ. of Illinois), Ph.D. (Iowa State College). Nine years 
Research experience. American. Research Laboratories, George A. Breon & Co., Box 769, Kansas City, 10. 
Director of Laboratories. Signed by : James A. Austin, L. V. Sorg. 

er, Hewitt Grenville, Jr., S.B. and Ph.D. (Massachusetts Institute of Technology). American. Massachusetts 
ae of Technology, Room 4-447, Cambridge 39, Mass. Instructor in Chemistry. Signed by: Clifford B. 
urves, 

Walby, Alfred Leonard, M.B., B.Ch. (Q.U.B.). British. 56, Dublin Road, Belfast, Northern Ireland. Senior Medical 
Officer of R.A.F. Stations, S.E.A.A.F. Signed by’: Harry Sharpe. 


* Reduced annual subscription. {¢ Three-body. (a) Junior Membership two-body. 
{ Two-body. (b) Junior Membership three-body. 
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PAPERS RECEIVED 


List of papers received between June 21st and July 31st, 1945. (This list does not include the titles 
of papers which have been read at a Scientific Meeting or which have appeared in the Journal.) 


“‘ Synthetical experiments on the constitution of «-biotin. Part I.’’ By R. Guosu, J. F. W. McOme, 
and J. P. Witson. 

“The preparation of 7-nitro-2-naphthylamine and of 3: 6-dinitronaphthalic anhydride.’’ By H. 4. 
Hopeson and E. R. WARD. 

“ The acylation of 2-methy]-3-carbethoxy-4-hydroxythiophen.’’ By J. H. Beynon and A. B.A. Jansey, 

“Reduction by dissolving metals. Part II.’’ By A. J. Brrcu. 

“‘ Reduction by dissolving metals. Part III.’’ -By A. J. Bircu. 

“‘ The vibrational spectra of esters and ketones.’’ By H. W. THompson and P. ToRKINGTON. 

“The crystal structure of coronene. A quantitative X-ray investigation.’’ By J. Monteartg 
ROBERTSON and J. G. WHITE. 

“The chemistry of gum tragacanth. Part I. Tragacanthic acid.’’ By SysBit P. James and F. Smits. 

“The chemistry of gum tragacanth. Part II. Derivatives of d- and /-fucose.’’ By Sysit P. James 
and F. SMITH. 

“The chemistry of gum tragacanth. Part III.’ By Sysit P. JAmes and F. Situ. 

“‘ The capsular polysaccharide of rhizobium radicicolum.’’ By (Miss) E. SCHLUCHTERER and M. Stacey, 

“ The union of gaseous oxygen with methyl oleate, linoleate, and linolenate.’”’ By F. D. GuNsToNE and 
T. P. HILpitTcH. 

“A possible structure of «-haphthol and its relation to its coupling with aromatic diazo-compounds.” 
By B. Giuck. 7 

“A possible isomerism of «-naphthol-2-carboxylic acid.’”’ By B. GLucK and M. PIANKa. 

“Melanin formation.’’ By G. R. CLEMo and J. WEIss. 

“Studies on hydrogen cyanide. Part XV. The action of hydrogen chloride on acetonitrile.’ By 
L. E. HinKeEt and G. J. TREHARNE. 

“New potential chemotherapeutic agents. Part I. Derivatives of aminoquinoxalines.”’ By F. E. 
KinG and R. J. S. BEER. 

.“ Sulphonamides. Part I. The action of animonia on sulphanilamidobenzoic esters in the light of the 
general theory of ester ammonolysis.’’ By J. H. GORVIN. 

“‘ Sulphonamides. . Part II. The action of amines on ethyl 4-sulphanilamidobenzoate. Some altem- 
ative preparative methods for sulphanilamidobenzamides.’’ By J. H. Gorvin. 

‘“‘ The bromination of 4 : 4'-diamidino-«y-diphenoxypropane and of 4 : 4’-diamidino-stilbene.’’ By A. J. 
HENRY. 

“New potential chemotherapeutic agents. Part II. Derivatives of 3-aminophenazone.”’ By F. E. 
Kine and T. J. Kine. 

“The kinetics of exchange reactions. Part III. Influence of solvent and molecular structure.’ By 
L. J. te Roux, C. S. Lu, S. SuGDEN, and R. H. K. THomson. 

“‘ Mesohydric tautomerism.’’ By L. HUNTER. 

‘“‘ Mercurous perchlorate as a volumetric reagent for iron.’” By W. Puau. 

‘“* N-Dichlor monoethanolamine hydrogen sulphate (sodium salt).’” By K. H. PAUSACKER. 

“The chemistry of xanthic acid derivatives. Part I. The preparation and comparative properties of 
isomeric xanthates and dithiotarbonates.’’ By G. BULMER and F. G. MANN. 

“‘ The chemistry of xanthic acid derivatives. Part II. The thermal decomposition of disulphurdicarbo- 
thionic esters.’’ By G. BULMER and F. G. MANN. 

“‘ The chemistry of xanthic acid derivatives. Part III. The interaction of carboxylic acid chlorides 
and potassium ethyl xanthate.’’ By G. BULMER and F. G. Mann. 

“The chemistry of xanthic acid derivatives. Part IV. The interaction of sulphonyl chlorides and 
potassium ethyl xanthate.’’ By G. BULMER and F. G. Mann. 

“Formation of phthalides by the Diels-Alder reaction.’” By A. W. JoHNson. 

‘“‘ The synthesis and properties of 1 : 7-dialkyl xanthines.’”’ By F. G. MANN and J. W. G. Porter. 

“‘ The interconversion of iron oxides and sulphides. Part I. The action of hydrogen sulphide on iron 
oxides.””’ By R. H. GRIFFITH and A. R. Morcom. 

“‘ The interconversion of iron oxides and sulphides. Part II. The oxidation of iron sulphides.” By 
R. H. GrirFitH and A. R. Morcom. 

“‘ The preparation of olefines from aldehydes and ketones.” By R. H. GrirFitu. 

“The carbonyl constituents of eucalyptus oils. Part IV. The constitution of phellandral. 4-, / 
and dl-8-isopropyladipic acids.’’ By G. BuRGER and A. KILLEN MACBETH. 





“_ 
“— 
“a 
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“ Epimeric alcohols of the cyclohexane series. Part V. The inactive 3-methylcyclohexan-l-ols.’’ By 
A. KILLEN MACBETH and J. A. MILLs. 

“ Syntheses of 2-monosubstituted and 2 : 3-disubstituted quinoxalines.”” By A. H. GowEntock, G. T. 
NEWBOLD, and F. S. SprRInc. 

“The application of the Hofmann reaction to the synthesis of heterocyclic compounds. Part III. 
Synthesis of 3-alkyl-2 : 4-diketo-1 : 2:3: 4-tetrahydroquinazolines from N-alkylphthalamides.”’ 
By F. S. Sprine and J. C. Woops. 

“ Studies in the detoxication of catalyst poisons. Part II. The use of various oxidising agents for the 
detoxication of cystein.”” By E. B. MAXxTED. 

“ Studies in the detoxication of catalyst poisons. Part III. The detoxication of cystein with metallic 
per-acids.’” By E. B. MAXxTED and A. MARSDEN. 

“The sorption of condensable vapours by porous solids. Part III. Multimolecular adsorption.’”’ By 
A. G. FOSTER. 

“The sorption of condensable vapours by porous solids. Part IV. Linear isothermals and the 
Langmuir equation.’”’ By A. G. FosTER. 

“Characterisation of 2 : 6-dimethyl-d-galactose.”’ By D. J. BELL. 

“Derivatives of l-azanthraquinone. Part I.’’ By G. R. CLEMo and G. W. DRIVER. 

“ The crystal structure of tribromo (trimethylphosphine) gold.’’ By M. F. PErutz and (Miss) O. WErtsz. 

“The Preparation of some 2 : 3-naphthalene derivatives.’”” By H. H. Hopcson and D. E. Hatuway. 

“Replacement of the diazonium- by the acetoxy-group, and improved preparations of non-steam 
volatile phenols. Part I. 3-Nitrophenol and 2-nitro-p-cresol.’’ By H. H. Hopcson. 

“ An interpretation of the Sandmeyer reaction. Part VII. The formation of complex salts between 


aryl diazonium chlorides and ferric chloride of general formula, R-N,} FeCl, and the decomposition 
of p-nitrobenzenediazonium chloride by ferrous salts.’’ By H. H. HopGson and D. D. R. SIBBALD. 
“The preferential reduction of nitro-groups in polynitro-compounds. Part IV. The preparation of 
4: §-dinitro-2-naphthylamine from 1:3: 8-trinitronaphthalene, and a comparison of sodium 
sulphide reductions of available dinitronaphthalenes.’’ By H. H. Hopcson and E. R. Warp. 
“Studies on sugar osazones. Part VII. A comparison of the phenylosazones prepared from 3: 6- 


anhydro-d-glucose and 3: 6-anhydro-d-galactose with the anhydro-osazones prepared from 
d-galactosazone and d-glucosazone by the method of Diels and Meyer.’”’ By E. G. V. PERCIVAL. 

“Synthesis of diamino sulphones.’”” By A. A. GOLDBERG. 

“The constitution of pseudo-santonin. Part I.’’ By G. R. CLEMo and W: Cocker. 

“The constitution of pseudo-santonin. Part II. The preparation of certain dimethyl naphthols.”” By 
W. CocKER. 











August, 1945 
THE CHEMICAL SOCIETY 





NOTICE OF FORTHCOMING SCIENTIFIC MEETINGS 


IN LONDON (Burlington House). 


Thursday, October 4th, 1945, at 5 p.m. 
Lecture on “ Recent Work on Corrosion and Oxidation Reactions,” by Dr. U. R. Evans, M.A. 





Thursday, November 1st, 1945, at 5 p.m. 
Meeting for the reading of original papers. (Further particulars will be announced.) 





Thursday, December 6th, 1945, at 5 p.m. 


Meeting for the reading of original papers. (Further particulars will be announced.) 
Note: The attention of Fellows is specially drawn to the change of time of meeting to 5 p.m. 





OUTSIDE LONDON. 


EDINBURGH. 
Tuesday, November 27th, 1945, at 7 p.m. 


Lecture on “‘ The Structure and Chemistry of Metallic Crystals,” by Professor G. D. Preston, M.A., 
Sc.D., F.Inst.P. Joint Meeting with the University Chemical Society and the local sections of the 
Royal Institute of Chemistry and the Society of Chemical Industry to be held in the Biochemical Lecture 
Theatre of the University, Teviot Place. 





GLASGOW. 
Friday, October 26th, 1945, at 3.30 p.m. 


Lecture on ‘‘ Long Chain Molecules,” by Sir Robert H. Pickard, D.Sc., F.R.S. Joint Meeting with the 
Glasgow University Alchemists’ Club and the Andersonian Chemical Society. To be held in the Large 
Lecture Theatre of the Chemistry Department, The University. 





Friday, November 16th, 1945, at 7.15 p.m. 


Leeture on “‘ Polynucleotides and Nucleoproteins,” by Professor J. M. Gulland, D.Sc., F.R.S. To 
be held in the Royal Technical College. 





LEEDS. 
Monday, November 26th, 1945, at 6.30 p.m. 


Tilden Leeture on “‘ Substitution,” by Professor E. D. Hughes, D.Sc., F.R.I.C. To be held in the 
Chemistry Lecture Theatre of the University. 





‘ 
LIVERPOOL. 
Thursday, November 15th, 1945, at 4 p.m. 


Lecture on ‘“‘ The Structure of the Boron Hydrides and Related Compounds,” by Mr. R. P. Bell, 
MA., F.R.S. To be held in the Muspratt Lecture Theatre of the University. 





MANCHESTER. 
Monday, October 29th, 1945, at 7 p.m. 


Lecture on “ The Publications of the Three Chartered Bodies,” by Mr. F. P. Dunn, B.Sc., F.R.I.C. 
Joint Meeting with the local sections of the Royal Institute of Chemistry and the Society of Chemical 
Industry to be held in the Engineers’ Club, Albert Square. 














Thursday, November 15th, 1945, at 6 p.m. 


Meeting for the reading of original papers. To be held in the Chemistry Lecture Theatre of th 
University. (Further particulars will be announced.) 





NORTH WALES. 
Thursday, November 22nd, 1945, at 5.30 p.m. 


Leeture on “ Colchicine: its Chemistry and Some Biological Effects,” by Professor J. W. Cook 
D.Sc., F.R.S. Joint Meeting with the University College of North Wales Chemical Society, to be helj 
in the Department of Chemistry at University College, Bangor. 





NOTTINGHAM. 
Friday, November 2nd, 1945, at 7 p.m. 


Lecture on ‘“‘ Some Problems in the Chemistry of the Polysaccharides,” by Professor E. L. Hirst, 
M.A., D.Sc., F.R.S. To be held in the Chemistry Lecture Theatre of University College. 





Thursday, November 29th, 1945, at 4 p.m. 


Lecture on “ Structural Inorganic Chemistry,” by Professor W. Wardlaw, D.Sc., F.R.L.C. Joint 
Meeting with the University College Physical and Chemical Society to be held in the Chemistry Lectur 
Theatre of University College. 





SHEFFIELD. 


Friday, October 26th, 1945, at 6 p.m. 


Lecture on “ Flame,” by Professor D. T. A. Towend, D.Sc. Joint Meeting with the South Yorkshire 
Section of the Royal Institute of Chemistry, to be held in the Chemistry Lecture Theatre of the University. 





Friday, November 16th, 1945, at 5.30 p.m. 


Lecture on ‘ Our War Against Insect Pests,”’ by Professor I. M. Heilbron, D.S.O., D.Sc., F.R.S. Joint 


Meeting with the University Chemical Society to be held in the Chemistry Lecture Theatre of the 
University. 





SOUTH WALES. 
Friday, November 23rd, 1945. 


Lecture on ‘‘ Colchicine: its Chemistry and Biological Effects,”’ by Professor J. W. Cook, D.Sc., F.RS. 
Joint Meeting with the local sections of the Royal Institute of Chemistry and the Society of Chemica 
Industry. To be held in Cardiff. (Further particulars will be announced.) 
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OFFICIAL ANNOUNCEMENTS 
LIBRARY. 


As from Monday, October Ist, the Library will revert to the pre-war hours of opening, namely : 


Monday to Friday, from 10 a.m. to 9 p.m. 
Saturday, from 10 a.m. to 5 p.m. 


RESEARCH FUND. 


A meeting of the Research Fund Committee will be held in November next. All persons, therefore, 
who have received grants, and whose accounts have not been declared closed by the Council, are informed 
that reports must be received by the Society not later than November Ist, 1945. : 

Applications for grants, to be made on forms obtainable from the General Secretary, must be 
received on or before November Ist, 1945. Applications from Fellows will receive prior consideration. 

Attention is drawn to the fact that the income arising from the Donation of the Worshipful Company 
of Goldsmiths is principally devoted to the encouragement of research in Inorganic and Metallurgical 
Chemistry, and that the income from the Perkin Memorial Fund is to be applied to investigations relating 
to problems connected with the Coal Tar and Allied Industries. 


EDITORSHIP. 
Professor C. S. Gibson, O.B.E., M.A., Sc.D., F.R.S., has agreed to act temporarily as Editor of the 


Society’s publications. 
BRITISH STANDARDS. 
Draft revisions of the following existing British Standards have been received for technical comment :— 


B.S. 517—1938, Cresylic Acid of High Orthocresol Content ; 
B.S. 521—1938, Cresylic Acid (50/55 per cent. Metacresol) ; 
B.S. 522—1938, Orthocresol, Metacresol and Paracresol; 
B.S. 523—1938, Phenol; 

B.S. 524—1938, Refined Cresylic Acid. 


These have been placed in the Library, and Fellows wishing to make technical comments on 
them are requested to do so before September 28th, 1945, to the British Standards Institution, 28, 
Victoria Street, Westminster, London, S.W.1. 


FELLOWSHIP. 
The following 43 candidates were elected Fellows of the Society on July 30th, 1945 : 


John Thomas Adams. Bruce Duval. Charles Arnold Marsh. 
William Anderson. Douglas Grey Eade. Harry Marsh. 

Audrey Barlow. ames Alan Emlyn. Michael Michelson. 

Ronald Bell. ohn McNeill Ferguson. David Thomas Mowry. 
Wolfe Berkman. omas Gilbert Halsall. George Almond Nicholson. 
Richard Lye Blackmore. Edward Gelles. . Harry William Edward Osborn. 
David Glynwyn Robert Bonnell. John George Gellner. William Russell Reid. 
William Harry Douglas Boyes. George Charles Gould. Alan Robertson. 

Fred Brown. Ernst Katscher. Frederick Stanley Shadbolt. 
John Frederick Brown. Arthur Key. Geoffrey Irving Smales. 
Geoffrey Donald Clarke. George Watson Lockhart. William Ivan Walters. 
Dennis Percy Collin Cleave. Frank Long. Owen George Weller. 
William Allen Wesley Cummings. ames Wallace McDavid. Barclay Thorpe Whitham. 


Jack Davison. ugustus James Marks. Lewy Isaac Woolf 
George Dunn. 


. 
. 
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LIST OF. APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the Honorary Secretaries 
within ten days of the publication of the August JouRNAL. Such objections will be treated as confidential. The forms of 
application are displayed in the Library.) 


(a)Ansbacher, Henry, B.Sc. (Lond.), A.R.C.S. British. 34, Forty Lane, Wembley Park. Analytical Chemist t 
International Chemical Co., Ltd., Braydon Road, N. 16. Signed by : J. J. Gordon, Geo. R. W. Wilkinson, Theodore 
White. 

Barany, Heinz Carl, Ing.Chem. (State Institute for Chemistry Investigation and Industry, Vienna). Stateless, formerly 
Austrian. 11, Fitzjohns Avenue, N.W.3. Research Chemist to Dufay Chromex Ltd., Elstree. Signed by; 
‘B. Gluck, G. Colman Green, H. Surfleet. 

*Barnes, Desmond Arthur Sidney. Inter.B.Sc. and subsidiary Physics (with Radio) (Lond.). British. Connaught 
Hall, Wessex Lane, Swaythling, Southampton. Student, University College, Southampton, studying for B.S, 
(Special Chemistry). Signed by : S. H. Harper, Ishbel G. M. Campbell, N. K. Adam. 

*Butterfield, David Elliott. British. 2, Manor Park Road, Nuneaton. Reading Part II Chemistry, Cambridge 
University. Signed by : N. B. Chapman, B. A. Kilby, F. S. Dainton. 

tClark, Frank, B.A. (Cantab.), B.Sc. (Lond.). A.R.I.C. British. 12, Fontmell Park, Ashford. Chemist, Ministry of 
Supply. Signed by: E. W.S. Press, L. H. A. Holmes, G. L. Hammond. 

tCorbett, George Charles. British. Bengairn, 42, Higher Bebington Road, Bebington, Wirral. Chemical Plant 
Superintendent. Signed by : George Brearley, J. Sowler, E. Finkelstone. 

(a)Featherstone, Arthur Andrew Valentine. Inter.B.Sc. (Lond.). British. 130, Widnes Road, Widnes. Assistant 
Chemist at Messrs. Albright & Wilson Ltd., Chemical Manufacturers, Widnes. Signed by : R. Owen, James F, 
Sumner, R. E. Robinson. 

*Forster, William Atkinson. British. 11, Wimborne Avenue, Sunderland, Co. Durham. Final year student reading 
for B.Sc. (Hons. Chemistry) at King’s College, Newcastle. Signed by : W.M. Madgin, Richard Raper, G. R. Clemo. 

+tGreenstreet, Cyril Henry, B.Sc. (Lond.), deferred until 1946. British. Confectioners, Station Lane, Hornchurch. 
Student at University College, London. Signed by: L. F. Gilbert, O. L. Brady, Henry Terrey. 

tHaslam, John, B.Sc. (Manc.). British. 3, The Oaks, Styal Road, Heald Green. Works Chemist, The Manchester 
Chemical Co., Ltd., Bradshaw Street, Manchester. Signed by : J. W. Herbert, F. S. Spring, Colin Campbell, G. N. 
Burkhardt. ; 

Higginbotham, Richard Staples, B.Sc. (Lond.). British. 22, Woodlands Road, Heaton Mersey, Manchester. Research 
Officer, British Cotton Industry Research Association. Signed by : Douglas W. Hill, R. G. Fargher, J. C. Withers. 

Jackson, Peter John, B.Sc. (Lond.). British. 16, Melrose Avenue, Sherwood, Nottingham. Analyst. Signed by: 
E. B. R. Prideaux, John C. Roberts, H. F. W. Taylor. P 

{Krase, Norman William, B.S. in Ch.E. (University of Illinois), M.S. (American University), Ph.D. (Yale), 13 years as 
Professor of Chemical Engineering, 6 years as Chemical Engineer at Du Pont Co. American. E. I. Du Pont de 
Nemours & Co., Manfield House, 376—379, Strand, W.C. 2. European Technical Representative, E. I. Du Pont de 
Nemours & Co., Wilmington, Del. Signed by : E. A. Cooke, J. Ferguson, J. Haslam. 

(a)Leighton, Desmond, Inter.B.Sc. (Lond.). British. 8, Beaver’s Lane, Hounslow. Assistant Research Chemist at 
Williams (Hounslow) Ltd., Aniline dye manufacturers. Signed by : W. Davey, R. G. Munson, Arthur E. James. 

tMeggy, Alexander Bernard, B.Sc. (Lond.), Ph.D. (Oxon.), A.R.I.C. British. 3, Stoneygate Road, Leicester. Head 
of Chemistry Department, College of Technology, Leicester. Signed by : Malcolm Crawford, L. Hunter, H. T. 
Openshaw. ~ 

tMooney, George, B.Sc. (Glas.), Ph.C., A.R.I.C. (pending). British. 33, Eastfields Road, Acton, W.3. Research 
biochemist. Signed by : W. M. Cumming, A. A. Houghton, Rowland A. Evans. 

t+Maynard, Thomas Reginald Peter, B.Sc. (Lond.). British. 21, Pelham Square, Brighton, 1. Research student at 
Imperial College, London. Signed by : B. Atkinson, J. A. Kitchener, A. A. Eldridge. 

*Morrison, George Alfred. Entitled toa B.A-Hons. (Oxon): British. Clyde Villa, 130, Fog Lane, Didsbury, Manchester, 
20. Junior Research Officer, Shirley Institute, Didsbury, Manchester, 20. Signed by: F. M. Brewer, D. Ll. 
Hammick, J. C. Smith. 

tPerry, Harold Arthur Dickins, B.Sc. (Lond.), A.R.I.C. British. 43, Beech Terrace, Stowmarket. Research Chemist. 
Signed by : B. J. Balfe, W. H. Ferguson, J. J. Wark. 

*Povah, Margaret, B.Sc. (Lond.), London University Teachers’ Diploma. British. 22, St. Alban’s Crescent, Bourne- 
mouth, Assistant Mistress teaching Chemistry at Colston’s Girls’ School, Cheltenham Road, Bristol, 6. Signed 
by : E. E. Turner, Margaret M. Jamison, Edna D. Davidson. 

tRack, George de Rome, A.R.I.C. British. 32, Coniston Road, Newton Estate, Lancaster. Research Chemist (Indus- 
trial) Messrs. Jas. Williamson & Son, Ltd., Lune Mills, Lancaster. Signed by; J. C. Lawson, T. McQuillen, 
G., R. Gedye. 

tReynolds, Edward Henry, B.A., B.Sc. (Oxon), Diploma of Education (Oxon). British. 16, Lanercost Road, Tulse 
Hill, S.W.2. Experimental Officer, Chemical Inspection Department, Ministry of Supply. Signed by: 
W. E. J. Field, D. Ll. Hammick, A. H. Coates. 

tRohan, Terence Anthony, B.Sc.Hons. (Glas.), A.R.I.C. British. c/o 32, Dale Park Avenue, Carshalton. Research 
Chemist with British Industrial Sélvents Ltd. Part-time Post-Graduate Research Student at London University. 
Signed by : ‘J. Kenyon, A. Houston, M. P. Balfe. : 

(a)Royle, Alan Trevor, B.Sc.Hons. (Manc.). British. 1, Longley Road, Worsley, Manchester. Works chemist. Signed 
by : M. G. T. Burrows, G. Ogden, H. F. Taylor. , 

*Stevens, Derrick John, Inter.B.Sc. and Subsidiary Physics (Lond.). British. Connaught Hall, Wessex Lane, Swaythling. 
Chemistry Student, University College, Southampton. Signed by : S. H. Harper, Ishbel G. M. Campbell, N. K. 
Adam, H. W. B. Reed. y 

Stowers, John Marcus, M.A., M.B., B.Ch. (Cantab.), M.R.C.P. (Lond.). British. 27, Coolhurst Road, N. 8. Assistant, 
Medical Unit, University College Hospital, Gower Street, W.C.1. Signed by : Charles E. Dent, S. W. Collits 
R. Eryl Williams, 
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*Wall, Robert Graham. British. White Ness, Dowhills Drive, Blundellsands, Liverpool, 23. Honours Chemistry 
Student, Oxford University. Signed by : Ronald P. Bell, Hubert H. Chambers, D. Ll. Hammick. 

Ward, Edwin George, 30 years laboratory experience in the City of London engaged in analysis and research in agri- 
cultural, food and industrial chemistry. Articles of apprenticeship with M. S. Salmon, B.Sc., 1915/1917. Served 
in R.N.A.S. as chemist, 1917/1919. British. 18, Elmstead Avenue, Wembley. Serving Officer (Captain). 44 
years Inspector of Messing By-Products, Western Command H.Q. Signed by : Osman Jones, A.C. Davall, W. M. 
Seaber. 

*Woods, John Colin, M.Sc. (Manc.). British. 15, Whitmore Road, Fallowfield, Manchester, 14. Research Student 
at Manchester University. Signed by: F. S. Spring, A. E. Gillam, E. L. Hirst. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


tAvasare, Mahades Dattatraya, B.A., M.Sc. (Bombay), Ph.D. (Lond.); Member, Industries Board, Baroda State ; 
Chairman, Chemical Sub-Committee, Industries Board ; Member, Advisory Board, Kalabhavan Technical Institute ; 
Fellow, Indian Chemical Society; Post-graduate University Teacher, University of Bombay. Indian. Science 
Institute, Baroda College, Baroda. Professor of Chemistry and Head of the Department of Chemistry. Signed 
by : M. M. Parekh. 

Gillespie, Donald Tom Chalton, M.Sc. (Adelaide), A,A.C.I., F.I.I.M. British. 22a, Sydare Avenue, East Malvern, 
S.E. 10, Victoria. Research Officer, Council for Scientific and Industrial Research. Signed by : A. Killen Macbeth, 
Frank L. Winzor. 

Nassim, Gertrude Labib, M.Sc. (Fouad I University). Egyptian Colour and Chemical Factory, Abbassia, Cairo. Chemist 
and Geologist at the Egyptian Colour and Chemical Factory. Research student at Fouad I University for the Degree 
of Ph.D. Signed by : Wadie Tadros. 


* Reduced annual subscription. ¢ Three-body. (a) Junior Membership two-body. 
t Two-body. (b) Junior Membership three-body. 





PAPERS RECEIVED. 


List of papers received between July 3lst and August 20th, 1945. (This list does not include the titles 
of papers which have been read at a Scientific Meeting or which have appeared in the Journal.) 


“ Asymmetric transformations with benzylmalonanilic acids.’’ By EpDNA M. Davipson and E. E. 
TURNER. 

“ Absorption spectra of acridines. Part III. The hydroxyacridines.”” By A. Albert and L. N. Short. 

“Experiments on the interaction of hydroxy-compounds and phosphorus and thionyl halides in the 
absence and in the presence of tertiary bases. Part III.”’ By W. GERRARD. 

“Experiments on the interaction of hydroxy-compounds and phosphorus and thionyl halides in the 
absence and in the presence of tertiary bases. Part IV.’ By W. GEerRRarD and M. J. RicumMonp. 

“The comparative reactivity of the carbonyl groups in the thionaphthenquinones. Part II. The 
influence of substituent groups in the thionaphthenquinones.”’ By C. E. DALGLIEsH and F. G. 
MANN. 

“The comparative reactivity of the carbonyl groups in the thionaphthenquinones. Part III. The 
influence of solvents and catalysts.” By C. E. DALGLIEsH and .F. G. MANN. 

“The comparative reactivity of the carbonyl groups in the thionaphthenquinones. Part IV. The 
action of chloramine-T on the thionaphthenquinones. "’ By C. E. DALGLIESH and F. G. MANN. 

“Some derivatives of 3-amino-quinoline.”” By G. R. Cremo and G. A. Swan. 

“Geometrically isomeric piperazine derivatives containing two quaternary nitrogen atoms.’ By 
W. E. Hansy and H. N. Rypon. 

“The application of the method of molecular rotation differences to steroids. Part I. Naturally 
occurring sterols and their simple derivatives.’’ By D. H. R. Barton. 

“Esters containing phosphorus. Part II.’”’ By H. G. Coox, H. McComsig, and B. ‘C. SAUNDERS. 

“Carbohydrate phosphoric esters. Part I. The alkaline hydrolysis of a-methylglucopyranoside-6- 
phosphate, methylglucofuranoside-3-phosphates and tso-propylidene glucofuranose-3- and -6-phos- 
phates.” By E. E. Percivat and E. G. V. PERCIVAL. 
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September, 1945 


THE CHEMICAL SOCIETY 
NOTICE OF FORTHCOMING SCIENTIFIC MEETINGS 


IN LONDON (Burlington House). 


Thursday, November 1st, 1945, at 5 p.m. 
The following papers will be read and discussed : 





‘“‘ Mesohydric tautomerism.” By L. Hunter. 


“ The sorption of condensable vapours by porous solids. Part III. Multimolecular adsorption. 
Part IV. Linear isothermals and the Langmuir equation.”” By A. G. Foster. 


« Retention of asymmetry during the Beckmann, Lossen and Curtius changes.”” By A. Campbell 
and J. Kenyon.* 


Thursday, December 6th, 1945, at 5 p.m. 
Meeting for the reading of original papers. (Further particulars will be announced.) 





OUTSIDE LONDON. 
DINBURGH. 


Tuesday, November 27th, 1945, at 7 p.m. 


Lecture, The Structure and Chemistry of Metallic Crystals, by Professor G. D. Preston, M.A., 
Sc.D., F.Inst.P. 


Joint meeting with the University Chemical Society and the local sections of the Royal Institute of 


Chemistry and the Society of Chemical Industry to be held in the Biochemical Lecture Theatre of the 
University, Teviot Place. 





LASGOW. 
Friday, October 26th, 1945, at 3.30 p.m. 


Lecture, Long-Chain Molecules, by Sir Robert H. Pickard, D.Sc., F.R.S. 


Joint meeting with the Glasgow University Alchemists’ Club and the Andersonian Chemical Society. To 
be held in the Large Lecture Theatre of the Chemistry Department, The University. 


Friday, November 16th, 1945, at 7.15 p.m. 


Lecture, Polynueleotides and Nucleoproteins, by Professor J. M. Gulland, D.Sc., F.R.S. 
To be held in the Royal Technical College. 








EEDS. 
Monday, November 26th, 1945, at 6.30 p.m. E 


Tilden Lecture, Substitution, by Professor E. D. Hughes, D.Sc., F.R.1.C. 
To be held in the Chemistry Lecture Theatre of the University. 





IVERPOOL. 
Thursday, November 15th, 1945, at 4 p.m. 


Lecture, The Structure of the Boron Hydrides and Related Compounds, by Mr. R. P. Bell, M.A., 
F.R.S. 


To be held in the Muspratt Lecture Theatre of the University. 





fANCHESTER. 
Monday, October 29th, 1945, at 7 p.m. 


Lecture, The Publications of the Three Chartered Bodies, by Mr. F. P. Dunn, B.Sc., F.R.I.C. 


Joint meeting with the Royal Institute of Chemistry and Society of Chemical Industry to be held in the 
Engineers’ Club, Albert Square. 





* To read paper. 





Friday, November 16th, 1945, at 6 p.m. 
Meeting for the reading of original papers. 
To be held in the Chemistry Lecture Theatre of the University. 
Friday, December 'Tth; 1945, at 6 p.m. 


Lecture by Professor 5. M. Robertson, M.A., D.Sc., F.R.S. 


Joint meeting with the local section of the Royal Institute of Chemistry, to be held in the Chemist 
Lecture Theatre of the University. (Further details to be announced later.) 








NORTH WALES. 
Thursday, November 22nd, 1945, at 5.30 p.m. 


Lecture, Colchicine : its Chemistry and some Biological Effects, by Professor J. W. Cook, DS. 
F.R.S. 
Joint meeting with the University College of North Wales Chemical Society, to be held in the Departme 


of Chemistry at University College, Bangor. 
NOTTINGHAM. 
Friday, November 2nd, 1945, at 7 p.m. 


Lecture, Some Problems in the Chemistry of the Polysaccharides, by Professor E. L. Hirst, M. 
D.Sc., F.R.S. 


To be held in the Chemistry Lecture Theatre of University College. 
Thursday, November 29th, 1945, at 4 p.m. 


Lecture, Structural Inorganic Chemistry, by Professor W. Wardlaw, D.Sc., F.R.I.C. 


Joint meeting with the University College Physical and Chemical Society, to be held in the Chemis 
Lecture Theatre of University College. 
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SHEFFIELD. 
| Friday, October 26th, 1945, at 6 p.m. 





Lecture, Flame, by Professor D. T. A. Townend, D.Sc. 


Joint meeting with the South Yorkshire Section of the Royal Institute of Chemistry, to be held in th 
Chemistry Lecture Theatre of the University. 


Friday, November 16th, 1945, at 5.30 p.m. 


Lecture, Our War Against Insect Pests, by Professor I. M. Heilbron, D.S.O., D.Sc., F.R.S. 


Joint meeting with the University Chemical Society to be held in the Chemistry Lecture Theatre of th 
University. 


SOUTH WALES. 
Monday, October 29th, 1945, at 6 p.m. 


Lecture, The Separation of Isotopes and Thermal Diftusion, by Professor J. Kendall, D. 
F.RS. 


Joint meeting with Swansea University College Chemical Society, to be held in: he Chemistry Lect 
Theatre of the University College, Swansea. 


Wednesday, November 7th, 1945. 


Lecture, Research on Coal Tar, by E. H. Coulson, M.A., D.Phil., M.Sc., and J. L. Jones, M.Sc 
F.R.I.C., of the Chemical Research Laboratory, Department of Scientific and Industri 
Research. 


Joint meeting with the local sections of the Royal Institute of Chemistry and the Society of Chemid 
Industry, to be held at the Newport Technical College. 


Friday, November 23rd, 1945, at 6.30 p.m. 
Lecture, Colehicine : its Chemistry and Some Biological Effects, by Professor J. W. Cook, DS 
F.R.S. 


Joint meeting with the local sections of the Royal Institute of Chemistry and the Society of Chemid 
Industry. To be held at University College, Cardiff. 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 





OFFICIAL ANNOUNCEMENTS 


DEATHS. 
The Council regret to announce the deaths of the following Fellows : 
Elected. Died. 
Alfred George Ernest Foster .........scsseeseeseeeeseeees 1912 july 26th, 1945. 
Frederick William Freeman ..........sessscssessesseceees 1887 eptember 14th, 1941. 
John Thomas Phillips .........scscecececeeeecereeeeeeeeeees 1932 August 4th, 1945. 


CKNOWLEDGMENTS. 24 
The thanks of the Council have been conveyed to Colonel R. B. Turbutt for a gift of £1 10s. and to 
{r.T. McLachlan for a gift of £2, under Deed of Covenant, to the Publications Fund. Thanks were 
o conveyed to Genatosan, Limited, for a gift of £25, under Deed of Covenant, to the Library Fund. 


IBRARY. 
The hours of opening of the Library are now as follows : 


Monday to Friday, from 10 a.m. to 9 p.m. 
Saturday, from 10 a.m. to 5 p.m. 

SEARCH FUND. 

A meeting of the Research Fund Committee will be held in November next. All persons, therefore, 
yho have received grants, and whose accounts have not been declared closed by the Council, are 
normed that reports must be.received by the Society not later than November Ist, 1945. 

Applications for Grants, to be made on forms obtainable from the General Secretary, must be 
ceived on or before November Ist, 1945. Applications from Fellows will receive prior consideration. 

Attention is drawn to the fact that the income arising from the Donation of the Worshipful Company 
{ Goldsmiths is principally devoted to the encouragement of research in Inorganic and Metallurgical 
hemistry, and that the income from the Perkin Memorial Fund is to be applied to investigations relating 
0 problems connected with the Coal Tar and Allied Industries. 


OCAL REPRESENTATIVE FOR EIRE. 
Professor T. S. Wheeler, Department of Chemistry, University College, Upper Merrion Street, Dublin, 
as accepted the invitation of the Council to act as Local Representative for Eire. 


ONJOINT CHEMICAL OFFICE. 
The address of the Conjoint Chemical Office has been changed from 6, Burlington Gardens, London, 
.1, to 9/10, Savile Row, London, W.1. (Telephone No. REGent 2714.) 


ELLOWSHIP. 
The following 64 candidates have been elected Fellows of the Society : 


ienry Ansbacher. ohn Haslam. Edward Henry Reynolds. 
ahades Dattatraya Avasare. illiam Arnold Hewson. Terence Anthony Rohan. 
einz Carl Barany. Richard Staples Higginbotham. Alan Trevor Royle. 
bsmond Arthur Sidney Barnes. | Willard Max Hoehn. Arthur Rushton. 

tederick William Bernhardt. Peter John Jackson. John Dee Shapland. 

ordon Beswick. Norman William Krase. ulian Ross Smith. 

ugh Christiaan Beyerman. Desmond Leighton. omas Arthur Soames. 
avid Elliott Butterfield. Keith Frank Astell Linton. Derrick John Stevens. 

ig. Ph. Buu-Hoi. Thomas Reginald Peter Maynard. Harry Verdon Stopes-Roe. 
tank Clark. Alexander Bernard Meggy. Marcus Stowers. 
ussell Neville Coleman. George Mooney. elan Vivien Taylor. 
corge Charles Corbett. George Alfred ‘Morrison. Leo Harvey Thomas. 


ited Eric Corker. Gertrude Labib Nassim. 2 Aubrey Fiennes Trotman-Dicken- 
aymond Wilson Durham. ames Ritchie Park. son. 
onald Trevor Elmore. ohn Arthur Pegs: Thomas Truesdale. 
aur Andrew Valentine Feather- Harold Arthur Dickins Perry. Alfred Leonard Walby. 
stone. Edward Bertram Pinniger. Robert Graham Wall. 
ewitt Grenville Fletcher. Margaret Povah. Edwin George Ward. 
illiam Atkinson Forster. Gwyneth Audrey Powell. Ernest Eric White. 
onald Tom Chalton Gillespie. Eleanor Mary Pridgeon. Gareth Howel Williams. 
ho Green. Anthony John Richard Purssell. Paul Hesbo Winsnes. 


yril Henry Greenstreet. George de Rome Rack. John Colin Woods. 














56 


NOTICE 
50th ANNIVERSARY CELEBRATIONS OF THE DISCOVERY OF X RAYS 
Preliminary Announcement 


The Chemical Society is participating in the celebrations to commemorate the 50th anniversary 9 
the discovery of X rays by Wilhelm Conrad Réntgen on November 8th, 1895. 


These celebrations will take the form of a series of meetings to be held between November 8th anj 


10th of this year. The following is an outline of the programme being arranged; full details will } 


announced later :— 


Thursday, November 8th. 
Inaugural meetings at The Royal Society and Royal Society of Medicine. 





Friday, November 9th. 


Medical meetings at Royal Society of Medicine and Institution of Electrical Engineers. 

At 4.0 p.m. Joint meeting of all Participating Societies. 

Address, The Scientific Consequences of Réntgen’s Discovery of X Rays, by Sir Lawrence Bragg 
O.B.E., F.R.S. 

Chairman: Sir Henry Dale, O.M., P.R.S. 





Friday and Saturday, November 9th and 10th. 
Scientific Meetings at the Royal Institution on Applications of X Rays to Physies and Chemistry 





Saturday, November 10th. 
Historical Review meetings at the Institution of Electrical Engineers. 








LIST .OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the Honorary Secretarie 
within ten days of the date of publication of the Journal for September, 1945. Such objections will be treated as confidentia 
The forms of application are displayed in the Library.) 


*Dempster, John. British. 24, Highburgh Drive, Burnside, Lanarkshire. 3rd Year Applied Chemistry Studen 
Royal Technical College, Glasgow. Signed by : A. B. Crawford, M. M. J. Sutherland, W. M. Cumming. 
*Donovan, Bernard Thomas. London University Matriculation. British. 82, Furley Road, Peckham, S.E.1j 
Laboratory Assistant, Wellcome Laboratories of Tropical Medicine, Chemical Department, 183, Euston Roat 

N.W.1. Signed by : W. H. Gray, K. S, Kirby, W. Solomon. 

Dudley, Francis Barnett, B.Sc. (Melbourne). British. New England University College, Armidale, N.S.W., Australia 
Lecturer in Chemistry at New England University College. Signed by: J. S. Anderson, E, J. Hartung, 8 
Heymann. 

(b)Fore, Harold, B.Sc.Hons. (L’pool), A.R.I.C. British. 12, Ravenswood Avenue, Rock Ferry. Research Chemi 
Signed by : C. N. Thompson, R. Brian Bentley, H. C. Evans. : 

*Foxon, Gordon Howard, B.Sc.Hons. (Lond.). British. c/o 27, Park Road, Stockton-on-Tees. Research Chemi 
Imperial Chemical Industries, Ltd., Billingham Division, Billingham, Co. Durham. Signed by : M. P. Applebej 
J. ‘W. Donaldson, E. Kenefec. 

tHall, Norah, B.Sc. (Dun.), N.D.D. British. Laboratory Department, Tyne Brand Products, North Shields. Worl 
Chemist. Signed by: P. L. Robinson, Wesley Cocker, H. L. Riley. 

(a)Hunter, Robert Theodore. British. 11, Kingsgate Terrace, Hexham, Northumberland. Student. Signed ly 
Richard Raper, Wesley Cocker, G. A. Swan. 

tLovering, Philip Edward, B.Sc. (Lond.), A.R.I.C. British. 45, Christchurch Road, Streatham, S.W.2. Resear 
Chemist. Signed by: C. H. R. Gentry, D. F. Rushman, M. L. Smith. 

*McGowan, John Main. British. Morriston Farm, Cambuslang, Glasgow. Applied Chemistry Student, Roy 
Technical College, Glasgow. Signed by: A. B. Crawford, W. M. Cumming, M. M. J. Sutherland. 

*Mackie, Margaret McCowan Stewart. British. c/o Stewart, 25, Steven Street, Glasgow, C.4. Applied Chemist 
Student, Royal Technical College, Glasgow. Signed by : A. B. Crawford, W. M. Cumming, M. M. J. Sutherland 

Mulholland, Thomas Patrick Cunningham, M.Sc. (Manc.). British. Bowlfield, Gee Cross, Hyde. ‘Research Studet 
Manchester University. Signed by: F.S. Spring, T. H. H. Quibell, A. E. Gillam. 

Paterson, John Young Fraser. British. 1, Barony Place, Edinburgh, 3. Student, Department of Chemistry, Ediabuy 
University. Signed by: E. G. V. Percival, Neil Campbell, J. A. V. Butler. 
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Popper, Felix, B.Sc.Hons. (Lond.). Austrian. 2, Clarendon Crescent, Eccles, Manchester. Chemist, Manchester Oil 
Refinery, Ltd. Signed by: H. S. Boyd-Barrett, D. Parker, Isaac Goodman. 

Rankin, Irvine Giles, B.Sc.Hons. (Lond.), Ph.C., A.R.LC.,D.B.A. British. 39, Bramley Road, N. Kensington, W. 10. 
Principal (retiring September, 1945), London College of Pharmacy, 361, Clapham Road, S.W.9. Signed by: 
Herbert E. Blayden, H. L. Riley, H. Humphreys Jones. 

Ransom, James Charles Cyril, B.Sc.Hons. (Leeds), A.R.I.C. British. c/o Brotherton’s Chemical Works, Cattells 
Grove, Nechells, Birmingham, 7. Sulphuric Acid Plant Superintendent and Research Worker. Signed by: H. J. 

rg Hodsman, H. Burton, G. McLeavy. 

p)Seavell, Albert John, B.Sc. (L’pool). British. Thorncroft Bungalow, Mill Lane, Willaston, Wirral. Chemist, Tate 
and Lyle, Ltd. Signed by : A. McGookin, H. M. Thompson, D. B. Taylor. 

sndaptephenson, Oliver, B.Sc.Hons. and Ph.D. (Dun.). British. 444, Devizes Road, Salisbury. Research Chemist. Signed 
l by: W. A. Waters, G. H. Christie, C. W. Gibby. 

“@iwatson, Guy Harold Ralph. Work has been completed for Hons. B.A. (Cantab.) which will be taken next June 
(Natural Science Tripos Part II, Class II, 1945). British. Memorial Court, Clare College, Cambridge. Research 
Student in Organic Chemistry at the University Chemical Laboratory, Cambridge. Signed by: B. C. Saunders, 
F. L. M. Pattison, N. B. Chapman. ; 

Weeks, Geoffrey Albert, B.A., B.Sc. (Oxon), A.R.LC. British. Fir Croft, Combs Road, Chapel-en-le-Frith, Stockport. 
Research Chemist, Ferodo, Ltd., Chapel-en-le-Frith, Stockport. Signed by: S. G. P. Plant, J. C. Smith, A. F. 
Childs. 

Williams, Edward Arthur, B.Sc. (Birm.), A.R.I.C. British. 7, Millfield Road, North Walsham, Norfolk. Chemist, 
Norfolk Canneries, Ltd., North Walsham, Norfolk. Signed by: R. H. Hopkins, Alfred D. Norris, Denis 
Dickinson. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


pur, Narinder Singh, B.Sc., Final Year Student B.Sc.Hons. Chemistry. Indian. R. B. Narshing Dass Street, 
Near Kucha Peshawarian, Sutar Mandi, Lahore, India. Student, Punjab University Institute of Chemistry, 
Lahore. Signed by : S. S. Bhatnagar. 
ls, John Archer, M.Sc. (Adelaide), five years’ post-graduate research in Organic Chemistry. British. 6, Albert 
Street, Hyde Park, S. Australia. Research Assistant in Chemistry Department, University of Adelaide. Signed 
by: A. Killen Macbeth, Frank L. Winzor. 
istry a)Mosby, William Lindsay, B.Sc. (Harvard), 1-2 years various types research. American. 2209, Clinton Place, 
Rockford, Illinois, U.S.A, Chemical Warfare Service, A.U.S. Signed by: R. P. Linstead. 


* Reduced annual subscription {a) Junior Membership two-body. 
+ Three-body. (b) Junior Membership three-body. 
t Two-body. 





PAPERS RECEIVED 


enti List of papers received between August 21st and September 14th, 1945. (This list does not include 
he titles of papers which have been read at a Scientific Meeting or which have appeared in the Journal.) 


The heterogeneous acid and acid-salt hydrolysis of secondary cellulose acetate.” By R. N. HAWARD 
ee 20d T. WHITE. 
‘Roads Observations on the purification and resolution of rac-adrenaline.’”’ By S. PicKHoLz. 

The synthesis of cardiazole (pentamethylenetetrazole) by the action of hydrazoic acid on cyclo- 
strali hexanone.”’ By N. B. CoapmMan, H. McCompsie, and B. C. SAUNDERS. 
The enzymic synthesis and degradation of starch. Part I. The synthesis of amylopectin.”’ By 
neal E..J. Bourne and S. Prat. 
The enzymic synthesis and degradation of starch. Part II. The amylolytic function of the Q-enzyme 

of the potato.” By E. J. Bourne, A. Macey, and S. PEat. 
Some pyridine and quinoline derivatives.” By V. A. PETROw. 
Worl sy of thermochromic ethylenes.”” By A. SCHONBERG, A. F. A. IsMAIL, and (in part) (Miss) 
. ASKER. 


Electrometric titrations of weak acids and bases in aqueous solution.” By D. O. JorDAN and 
H. F. W. Taytor. 

Mechanism of substitution at a saturated carbon atom. Part XXVI. The relationship of reactivity 
to mechanism in the reactions of neopentyl and other alkyl compounds. (Section A) Introductory 

remarks and a kinetic study of the reactions of methyl, ethyl, m-propyl, isobutyl, and neopentyl 

bromides with sodium ethoxide in dry ethyl alcohol.” By I. Dosrrovsxy and E. D. Hucues. 

Mechanism of substitution at a saturated carbon atom. Part XXVII. The relationship of reactivity 
to mechanism in the reactions of neopentyl and other alkyl compounds. (Section B) A comparison 


of the rates of reaction of ethyl and neopentyl bromides with inorganic iodides in acetone solution.” : 
By I. Dostrovsky and E. D. Hucues. 
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“‘ Mechanism of substitution at a saturated carbon atom. Part XXVIII. The relationship of reactiy; 
to mechanism in the reactions of neopentyl and other alkyl compounds. (Section C) A compari 
of the rates of reaction of methyl, ethyl, 1-propyl, isobutyl, and neopentyl bromides with aqueo 
ethyl alcohol.’”’ By I. Dostrovsky and E. D. HUGHEs. 

“‘ Mechanism of substitution at a saturated carbon atom. Part XXIX. The relationship of reactiy; 
to mechanism in the reactions of neopentyl and other alkyl compounds. (Section D) The mechani 
of the reaction of neopentyl bromide with aqueous ethyl alcohol.’”” By I. DostTrovsky and E£. | 
HUGHES. 

“Mechanism of substitution at a saturated carbon atom. Part XXX. The relationship of reactiyj 
to mechanism in the reactions of neopentyl and other alkyl compounds. (Section E) A compari 
of the rates of reaction of methyl, ethyl, ”-propyl, sobutyl, and neopenty] halides with silver nitr 
in aqueous ethyl alcohol.’’ By I. Dostrovsky and E. D. HuGHEs. 

“‘ Mechanism of substitution at a saturated carbon atom. Part XXXI. The relationship of reactiyj 
to mechanism in the reactions of neopentyl and other alkyl compounds. (Section F) A compariy 
of the rates of reaction of methyl, ethyl, »-propyl, and neopentyl bromides with wet formic acii 
By I. Dostrovsky and E. D. HuGHEs. 

“‘ Mechanism of substitution at a saturated carbon atom. Part XXXII. The relationship of reactivi 
to mechanism in the reactions of neopentyl and other alkyl compounds. (Section G) Sta 
hindrance in nucleophilic substitution. The Wagner rearrangement in relation to unimolec 
substitution and elimination.’”’ By I. Dostrovsky, E. D. HuGHeEs, and C. K. INGOLD. 

“‘ Retention of asymmetry during the Beckmann, Lossen, and Curtius changes.’”” By A. CAMPBELL af 
J. KENYON. 

“Some pyridyl analogues of triphenylmethane.”’ By H. J. KAHN and V. A. PETRow. With a \ 
by R. WIEN and J. HARRISON. 

“ The kinetics of halogen addition to unsaturated compounds. Part VIII. a $ Unsaturated aldehydes 
By P. B. D. DE LA Mare and P. W. ROBERTSON. 

“ The kinetics of halogen addition to unsaturated compounds. Part IX. Ntrocinnamic acids.” 
I. HARTMAN and P. W. ROBERTSON. 

“Esters containing phosphorus. Part III. Dialkyl iodophosphates.”’ By H. McComsir, B. 
SAUNDERS, and G. J. STACEY. 

“ Acridine syntheses and reactions. PartIII. The dechlorination of 5-chloroacridines. A new synthe 
of acridine.’” By A. ALBERT and J. B. WILLIs. - 

“Experiments in the piperidine series. Part II.’”’ By R. M. ANKER, A. H. Cook, and I. M. Herzsx 

“‘ Some aryl bis-8-amidinoethyl ethers.” By A. H. Coox and K. J. REEp. 

“‘ Some sulphanilamidobenzonitriles and related compounds.”’” By A. H. Coox, I. M. HErtsroy, K. 
REED, and M. N. STRACHAN. 

“ Rare-earth metal oxides. Part I. The direct oxidation of praseodymium and terbium sesquioxide 
By J. K. Marsu. . 

“Rare-earth metal oxides. Part II. A new study of oxide precipitation by nitrate fusion.” 
J. K. Marsu. 

“‘Rare-earth metal oxides. Part III. Their precipitation from potassium hydroxide melts.” 
J. K. MARsH. 

“The molecular volumes and parachors of the mercuric halides. Part II. Mercuric iodide, inte 
pressures and other relations.”” By E. B. R. PripEAux and J. R. JARRATT. 

“ Preparation of carbamyl fluorides by the action of anhydrous hydrogen fluoride on isocyanates.” 
G. D. Buck.ey, H. A. Piccotr, and A. J. E. WEetcu. 
















October, 1945 


THE CHEMICAL SOCIETY 





NOTICE OF FORTHCOMING SCIENTIFIC MEETINGS 


ONDON (Burlington House). 
Thursday, December 6th, 1945, at 5 p.m. 
The following papers will be read and discussed : 


“The constitution of pseudo-santonin. Part I.” By G. R. Clemo and Wesley Cocker. 
“The constitution of pseudo-santonin. Part II. The preparation of certain dimethyl 
naphthols.”” By Wesley Cocker. 

“Experiments in the piperidine series. Part I.” By A. H. Cook * and K. J. Reed. 

“Part II.” By R. M. Anker, A. H. Cook,* and I. M. Heilbron. 

“Part III.” By R. M. Anker and A. H. Cook.* 

“ Structure of compounds of ferrocyanide type. Part I. Crystal structure of hexamethylisonitrilo 
ferrous chloride.” By H. M. Powell * and G. W. R. Bartindale. 








DINBURGH. 
Tuesday, November 27th, 1945, at 7 p.m. 


Lecture, The Structure 4nd Chemistry of Metallic Crystals, by Professor G. D. Preston, M.A., 
Sc.D., F.Inst.P. 


Joint meeting with the University Chemical Society and the local sections of the Royal Institute of 



































B. Chemistry and the Society of Chemical Industry to be held in the Biochemical Lecture Theatre of the 
University, Teviot Place. 
mthe 
ORR YETER. 
ILBRGE Friday, November 30th, 1945, at 4.30 p.m. 
n, K. Lecture, The Physical Chemistry of Powders and Fine Structured Solids, by D. H. Bangham, M.C., 
M.A., D.Sc. | 
oxide To be held in the Washington Singer Laboratories, Prince of Wales Road, Exeter. 
n.” BBLASGOW. 
ts.” Friday, November 16th, 1945, at 7.15 p.m. 
“i Lecture, Polynucleotides and Nucleoproteins, by Professor J. M. Gulland, D.Sc., F.R.S. 
mnte 


To be held in the Royal Technical College. 









EDS. 
Monday, November 26th, 1945, at 6.30 p.m. 


Tilden Lecture, Substitution, by Professor E. D. Hughes, D.Sc., F.R.I.C. 
To be held in the Chemistry Lecture Theatre of the University. 





VERPOOL. 
Thursday, November 15th, 1945, at 5 p.m. 


Lecture, The Structure of the Boron Hydrides and Related Compounds, by R. P. Bell, M.A., 
F.R.S. 


To be held in the Muspratt Lecture Theatre of the University. 












* To read paper. 
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MANCHESTER. 
Friday, November 16th, 1945, at 6 p.m. 


Meeting for the reading of the following papers : 


“The heats of polymerisation of acrylic acid, methacrylic acid, and methyl methacrylate.” By 
A. G. Evans and E. Tyrral. 

““Some reactions in the sulphanilamide series: (a) Guanidine derivatives.’’ By S. Birtwell 
E. Haworth, S. L. Rose, G. Swain, and C. H. Vasey. (b) ‘‘ Pyrimidine derivatives.” By 
S. L. Rose and G. Swain. 1 

“‘ New methods for end-group determination in polysaccharides.” By F. Brown, Miss S. Dunstan, 
T. G. Halsall, E. L. Hirst, and J. K. N. Jones. 

To be held in the Chemistry Lecture Theatre of the University. 





Friday, December 7th, 1945, at 6 p.m. 


Lecture, The Principles of Crystal Analysis, by Professor J. M. Robertson, M.A., D.Sc., F.R.S. 


Joint meeting with the local section of the Royal Institute of Chemistry, to be held in the Chemistry 
Lecture Theatre of the University. 





NORTH WALES. 
Thursday, November 22nd, 1945, at 5.30 p.m. 


Lecture, Colchicine: its Chemistry and Some Biological Effects, by Professor J. W. Cook, D.Sc, 


F.R.S. 
Joint meeting with the University College of North Wales Chemical Society, to be held in the Department 
of Chemistry at University College, Bangor. 





NOTTINGHAM. 
Thursday, November 29th, 1945, at 4 p.m. 
Lecture, Structural Inorganic Chemistry, by Professor W. Wardlaw, D.Sc., F.R.L.C. 





Joint meeting with the University College Physical and Chemical Society, to be held in the Chemisty 
Lecture Theatre of University College. 
SHEFFIELD. 
Friday, November 16th, 1945, at 5.30 p.m. 


Lecture, Our War Against Insect Pests, by Professor I. M. Heilbron, DS.O., D.Sc., F.R.S. 
Joint meeting with the University Chemical Society to be held in the Chemistry Lecture Theatre of the 
University. 





SOUTH WALES. 
Wednesday, November 7th, 1945. 
Lecture, Research on Coal Tar, by E. H. Coulson, M.A., D.Phil., M.Sc., and J. L. Jones, M.Sc. 
F.R.L.C., of the Chemical Research Laboratory, Department of Scientific and Industri 
Research. 


Joint meeting with the local sections of the Royal Institute of Chemistry and the Society of Chemi 
Industry, to be held at the Newport Technical College. 





Friday, November 23rd, 1945, at 6.30 p.m. 


Lecture, Colehicine : its Chemistry and Some Biological Effects, by Professor J. W. Cook, D.Sc. 
F.RS. 


Joint meeting with the local sections of the Royal Institute of Chemistry and the Society of Chemica 
Industry. To be held at University College, Cardiff. 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 





Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, Piccadilly, W.1, on Thursday, October 4th, 1945, at 5 p.m. 


The President, PRorEssor W. N. Hawortu, D.Sc., F.R.S., was in the Chair and welcomed the 
visitors present. - 


MINUTES. 


The Minutes of the Annual General Meeting held on April 19th and of the Scientific Meeting held 
on May 17th were taken as read and were signed. 


DR. CLARENCE SMITH. 
The Meeting stood whilst the President read the following resolution : 


“The Council have fearned with profound regret of the death on June 28th of Dr. Clarence 
Smith, Editor of the Society’s Journal since January, 1924. He was appointed Assistant Editor 
to the Society in 1921 and Joint Editor in 1923. 

Dr. Clarence Smith had a wide knowledge of Chemistry and he was a master of literary English. 
These gifts he placed freely at the disposal of the Society to our great benefit, and in doing so he 
maintained the high standard of our publications. Dr. Smith gained a world-wide reputation by 
reason of his expert knowledge of nomenclature, and this has been of inestimable value not only to 
the Society, but to the whole of the science of Chemistry. 

Dr. Smith’s death will be keenly lamented by the Fellows of the Society and especially so by 
those who have contributed during the past 24 years to its publications. 

The Council desire to place on record their high appreciation of the great services Dr. Smith has 
rendered to the Society during his period of office, and they send their deep sympathy to his son and 
daughter in their bereavement.”’ : 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Chemical Society: A. J. Turnbull, H. Gomberg, Miss 
G. M. Owen, C. F. Buckley, H. V. Stopes-Roe, M. Green, H. Robinson, R. J. Loneragan, A. E. Judd, 
W. J. Wyse, F. W. Bernhardt, A. L. Beattie, Miss J. M. Currington, J. E. McKail, G. V. Riberstein, 
W. Clamp, D. D. Lord, P. J. Pengilly, A. Gellman, P. F. Timson. 


LECTURE. 


After a brief introduction the President called on Dr. U. R. Evans to deliver his Lecture entitled 
“Recent Work on Corrosion and Oxidation Reactions.”’ 

At the conclusion of the Lecture, a vote of thanks to the Lecturer, proposed by Dr. W. H. J. Vernon, 
Was carried with acclamation. 





OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regret to announce the deaths of the following Fellows : 


Elected. Died. 
Harold go Clarke Mathews (Burnley) Dec. Ist, 1904. Sept. 9th, 1945. 
i 


Sir David Milne Watson (Dorset) ie 4th, 1931. Oct. 3rd, 1945. 
Laurence Christopher Panting (Truro) ay 4th, 1889. May 4th, 1945. 
Professor Robert Wallace (Fife) June 4th, 1885. Jan., 1939. 
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PRESENTATION TO MR. S. E. CARR. 


It has been suggested that many Fellows of the Society would welcome an opportunity of cop. 
tributing to a presentation to Mr. S. E. Carr on his retirement from the office of General Secretary afte 
forty-two years of service. The Council decided to invite contributions of not more than ten shillings 
from Fellows and friends. The nature and date of the presentation will be decided at a later date and 
notified to contributors. the 

Contributions should be sent, not later than January 31st, 1946, to Dr. D. C. Martin, General 
Secretary, at Burlington House, W.1. Fellows desirous of paying through a bank should cross cheques iter 
“S. E. Carr Fund.” : 


ACKNOWLEDGMENTS. 


The thanks of the Council have been conveyed to the Association of British Chemical Manufacturers J 4 
for a gift of £100 under Deed of Covenant, and to Major D. T. Coomber, Dr. S. W. Smith, and Mr. L. §. 
Theobald for gifts of publications. Tht 


ANNUAL REPORTS. 
The Council of the Society has decided to change the policy in respect of the Annual Reports on thf Nov 
Progress of Chemistry. Min 
It is proposed that, commencing in 1947, a series of reports will be issued in quarterly numbers of the 
approximately 120 pages and in a format similar to that of the Journal. The character of the reports MMM Att 
will be such as to include ; Mec 


(1) General reviews of selected topics, the selections to be in accordance with an approved 
pre-arranged list covering a period of years. he 

(2) Once annually, a brief general review of the progress of the main branches of chemistry 
during the year. e ? Cha 

(3) Reviews submitted spontaneously by authors. It is intended that these will be submitted i Bra; 
either as finished articles or preferably as projects which the Publication Committee may encourage, MM Dise 
or in special cases may accept in advance. In this way, it is hoped, that authors will be encouraged 
to put their best work into surveys of subjects which interest them and that their contributions wil 
have value as original essays besides being surveys. 


et peg 


' It is proposed that the Annual Reports should continue on the present basis to include 1946, so that 
in 1947 the Annual Reports for 1946 will appear together with the first series of the new quarterly reports 
bearing the date of the current year, thereby preserving continuity in the serial numbers. 


—— 
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105TH ANNUAL GENERAL MEETING. 


The Council has agreed to a proposal to hold the 105th Annual General Meeting in Birmingham on 
April 25th, 1946. 


Se 


BUREAU OF ABSTRACTS. 


The address of the Bureau of Abstracts has been changed from 56 Victoria Street, S.W. 1, to 9/l0 Sata 
Savile Row, London, W.1. (Telephone No. REGent 2714.) I 


NATIONAL COMMITTEE FOR CHEMISTRY. 


The President and Professor I. M. Heilbron have agreed to serve as the Society’s representatives on ( 
the National Committee for Chemistry of the Royal Society in place of Professor C. W. Davies and ( 
Mr. F. P. Dunn who are due to retire on December 3lst, 1945. (4 


ASSOCIATION FRANCAISE POUR L’AVANCEMENT DES SCIENCES. 


Professor F. Joliot, an Honorary Fellow of the Society, represented the Society at the Congrés de la follo 
Victoire in Paris on October 20th to 26th, 1945. : 


BRITISH STANDARD SPECIFICATIONS. 30- 
The following drafts of British Standard Specifications have been received for technical comment: 


CH(C) 1801 Third draft of British Standard Specification for Wash-out pipettes. = 
CH(C) 1880 Third draft for Part 3 of British Standard Specification for Burettes No. 846—1939. 


These have been placed in the library and Fellows wishing to make technical comments on them atm 
requested to do so before December 13th, 1945, to the British Standards Institution, 28 Victoria Street, ast 
Westminster, London, S.W. 1. 
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NOTICE 
50TH ANNIVERSARY CELEBRATIONS OF THE DISCOVERY OF X-RAYS 


As already announced, the Chemical Society is participating in the celebrations to commemorate 
the 50th Anniversary of the discovery of X-rays by Wilhelm Conrad Réntgen on November 8th, 1895. 


These celebrations will take the form of a series of meetings and a small exhibition of historical 
items of interest. 


The following is an outline of the programme which has been arranged, details being given of those 
meetings which are likely to be of interest to Fellows of the Society. Full details of the complete 
programme of meetings are displayed on the Society’s Notice Board and may be obtained by interested 
Fellows on request from the General Secretary. 


Thursday, November 8th. 


The Celebrations will begin by Inaugural meetings to be held at the Royal Society on Thursday, 
November 8th, at 11.30 a.m., and at the Royal Society of Medicine at 4.30 p.m. and 8 p.m. The 
Minister of Health, the Rt. Hon. Aneurin Bevan, M.P., will be the guest at the afternoon meeting at 
the Royal Society of Medicine when short addresses on medical aspects of X-rays will be delivered. 
Attendance at the meeting at the Royal Society and the evening meeting at the Royal Society of 
Medicine will be by invitation only. 





Friday, November 9th. 


A joint meeting of all the participating Societies will take place at 3.30 p.m. in the Phoenix Theatre, 
Charing Cross Road, W.C. 2, when Sir Henry Dale, O.M., P.R.S., will be the Chairman and Sir Lawrance 
Bragg, O.B.E., F.R.S., will deliver an address entitled The Scientific Consequences of Réntgen’s 
Discovery of X-Rays. Further details will be announced in the technical press and elsewhere. 


From 10 a.m. to 1 p.m. the first of two scientific meetings dealing with The Application of X-rays 
to Physics and Chemistry will be held at the Royal Institution under the Chairmanship of Professor 
P. P. Ewald, when the following papers will be given : 


(a) The Development of X-ray Tubes. S. Goldztaub, D.-és-Sc. (Paris). 

(6) Some Scientific Aspects of Radiography. F. I. G. Rawlins, M.Sc. 

(c) Application of X-ray Spectroscopy. Mlle. Y. Cauchois, D.-és-Sc. (Paris). 
(@) Dynamic X-ray Theory. M. Born, F.R.S. 
( 
( 





e) Amorphous Substances. J.T. Randall, D.Sc. 
f), Fibrous Substances. W.T. Astbury, Sc.D., F.R.S. \ 


Meetings dealing with Medical X-ray Applications in Medicine will also be held at 10 a.m. and 
11.30 a.m. at the Royal Society of Medicine. 


Saturday, November 10th. 


From 10 a.m. to 1 p.m. the second scientific meeting will be held at the Royal Institution under the 
Chairmanship of Sir Lawrence Bragg, O.B.E., F.R.S., when the following papers will be given : 

(a) Metal Structures. H. Lipson, D.Sc. 

(0) Minerals. W. H. Taylor, D.Sc. 

(c) Crystal Chemistry. A. F. Wells, Ph.D. 

(¢) X-rays and Geochemistry. V.M. Goldschmidt, For.Mem.R:S. 

(¢) Organic Structures. J. M. Robertson, D.Sc., F.R.S., and Mrs. D. Hodgkin, Ph.D. 


At 2 p.m. there will be a Medical meeting at the Institution of Electrical Engineers and this will be 
followed by a short series of Historical Review meetings under the Chairmanship of P. Dunsheath, 
U.B.E., D.Sc., President of the Institute of Electrical Engineers as follows : 


(a) The Development of Electrical X-ray Equipment. Clifford C. Paterson, O.B.E., D.Sc., F.R.S. 
(6) The Evolution of X-ray Photographic Materials. H. Baines, D.Sc. 





(c) Industrial X-ray Analysis, Past and Present. H. P. Rooksby. 
(d) The Growth of Industrial Radiology. W. J. Wiltshire. 


There will be a small exhibition of historical items of interest in the Reid Knox Hall of the British 


Istitute of Radiology, 32 Welbeck Street, London, W. 1, on the 8th, 9th, and 10th November, open 
rom 10 a.m. to 6 p.m. 
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LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the Honorary Secretaries 
before November 30th, 1945. Such objections will be treated as confidential. The forms of application are displayed in th 
Library.) 


tAlbericci, Victor John, M.Sc. (N.U.I.), A.R.I.C. Irish. Lewis Road, Killarney, Co. Kerry. Chemist in the Stat. 
Laboratory, Dublin. Signed by: A. G. G. Leonard, T. S. Wheeler, Vincent C. , 

tAllen, Charles Dudley, B.A.Hons. and B.Sc.Hons. British. c/o Grindley & Co., Bombay. Major R.I.AS¢ 
Analytical Chemist. Signed by : Eric T. Murdock, H. J. T. Ellingham, Alex Findlay. 

Aspinall, Gerald Oliver, B.Sc.Hons. (Bristol). British. 6, Hughenden Road, Clifton, Bristol, 8. Post-graduate research 
at the University of Bristol. Signed by: E. B. Maxted, W. Baker, T. Malkin. 

(a)Bernstein, Peter John, B.Sc.(Lond.). Hungarian. 10, Kenners Dene, Tynemouth. Works Chemist, in charge of 
production and research at the Tyne Chemical Co., Ltd., Pilot Street, South Shields. Signed by : Wesley Cocker, 
Richard Raper, G. A. Swan. 

tCollie, William MacRoe, B.Sc.Hons. (L’pool). British. 22, Hill Road, Claughton, Birkenhead. Chemist in sou 
department of J. Bibby and Sons, Ltd., Great Howard Street, Liverpool. Signed by : A. McGookin, R. O. Griffith, 
T. P. Hilditch. 

tColson, Albert Francis, B.Sc.Hons. (Lond.), F.R.I.C|. British, Tythebarn Farm, Mobberley, Knutsford. Chie 
microanalytical chemist, I.C.I. (Alkali Division), V/innington, Northwich. Signed by: J. Haslam, E. A. Cooke, 
J. Ferguson. 

tCurtis, Albert Bertram. London University Matriculation, 3 years biological research (Cambridge). British. 6, 
Ludgate Circus Buildings, E.C.4. Manufacturing, analytical, pharmaceuticals and cosmetics. Signed by : Robt. E. 
Goldsbrough, M. Briscoe, David J. Evans. 

+Garvie, William Macgregor, M.Sc.Tech. and Ph.D. (Manc.), A.R.I.C. British. 22, Haydon Road, Didcot, Berks, 
Chemist, Chemical Inspection Department, Ministry of Supply. Signed by : R. G. Monk, L. Airey, A. S. Nickelson. 

+Graham, Joseph Ivon, M.A. (Cantab.), M.Sc. (Lond.), F.R.I.C. British. Byfield, Maiden Erlegh Drive, Reading 
Director, Mining Research Laboratory, British Colliery Owners Research Association, Royal School of Mines, South 
Kensington, S.W.7. Signed by : R. Lessing, Wm. Wardlaw, J. G. King. 

tHenderson, James Alexander, Inter.B.Sc., A.R.I.C. British. 9, Wildwood Avenue, Mount Pleasant Lane, Bricket 
Wood, Watford. Organic Research Chemist, c/o Trinidad Leaseholds, Trinidad, B.W.I. Signed by : J.C. Crocker, 
F. H. Lowe, H. J. T. Ellingham. 

{Hunter, Andrew. British. Messrs. Wheta, Ltd., 1—7, Calvin Street, Belfast. Managing Director. Signed by : Leslie. 
Lampitt, E. B. Hughes, F. P. Dunn. 

tKirkbride, Walter, A.R.I.C. British. 24, Brownberrie Walk, Horsforth, nr. Leeds. Departmental Manager at 
Messrs. Wood and Bedford, Branch of the Yorkshire Dyeware & Chemical Co., Ltd. Signed by : Arnold T. Peters, 
of Ralph C. Storey, S. G. A. Wise. 

tKressman, Theodore Roger Ernest, B.Sc. (Lond.), A.R.I.C. British. 15, Wellesley Road, Strawberry Hill, Middx. 
Chief Research Chemist Permutit Co., W.4. Signed by : E. I. Akeroyd, H. J. T. Ellingham, R. Leslie Collett. 

*Longuet-Higgins, Hugh Christopher, B.A. (Oxon). British. Balliol College, Oxford. Research Student in Chemistry. 
Signed by : Ronald P. Bell, W. C. E. Higginson, L. W. Grimke Drayton. 

*Malan, David Huntingford, B.A. (Oxon). British. Parker’s Close, Hartley Wintney. Research organic chemist for 
Courtaulds, Ltd. Signed by : R. C. G. Moggridge, C. H. Bamford, Harry Irving. 

(a)Moss, Nathan, B.Sc. (Lond.). British. 2, Glen Eyre Close, Bassett, Southampton. Research Chemist for Ministry 
of Supply, C.D.E.S., Porton. ~Signed by : S. H. Harper, Ishbel G. M. Campbell, N. K. Adam. 

tMyles, Donald, A.R.I.C. British. 59, Parrin Lane, Monton, nr. Manchester. Experimental Officer, Chemical 
Inspection Department, Ministry of Supply. Signed by : G. L. Wathen, J. Agnew, M. J. Thornton. 

Patek, John Charles, B.A.Hons. (Cantab.). Czech. 24, Gt. King Street, Edinburgh, 3. Analytical Chemist in the 
Laboratories of Messrs. Torbet Lactic Oat Co., Ltd., Gt. King Street, Edinburgh, 3. Signed by : E. G. V. Percival, 
Eric T. Dewar, T. R. Bolam. 

*Scurfield, Gordon, B.Sc.Hons. (Sheffield). British. 19, Springwell Terrace, Hetton-le-Hole, Co. Durham. Assistant 
Plant Physiologist, Hosa Cancer Research Laboratories. Signed by : Brynmor Jones, R. D. Haworth, E. Gertrude 
Turner. 

Sholl, Donald Arthur, B.Sc. (Lond.). British. City of London Freemen’s School, Ashtead Park, Surrey. Senior Science 
Master. Signed by : Thomas Turner, W. G. Aston, Eric S. Gyngell. 

Sos, Feodora Lea, Ph.D. (Budapest). Teaching diploma. Hungarian, 3, Upton Park, Slough. Research Chemist, 
Messrs. Smith and Shaw, 11, Cavendish Place, W.1. Signed by : H. G. Emblem, J. E. Hackford, Denis E. B. 
Greensmith. 

(a)Taylor, Alan Scott. British. 34, Bedford Terrace, Billingham. Final Honours Chemistry Student, King’s College, 
Newcastle-on-Tyne. Signed by : Richard Raper, Joseph Weiss, G. R. Clemo. 

{ Watson, Cyril James, B.S.A. (McGill), M.S. and Ph.D. (Corneil). British. Division of Chemistry, Department of 
Agriculture, Central Experimental Farm, Ottawa, Ont. Chemist, Dominion Experimental Farm, Department of 
Agriculture, Ottawa. Signed by : C. H. Robinson, A. Linton Davidson, J. Dick. me 

(b)Wickham, Kenneth Alan, Inter.B.Sc. British. 39, Smitham Downs Road, Purley. Research Chemist, British 
Coal Utilisation Research Association. Signed by : Maurice H. Pearson, E. S. Stockton, Ronald H. Smith. 

tWoollatt, Edgar, B.Sc.Hons. (Lond.), A.M.I.Chem.E., Ramsay Diploma in Chemical Engineering. British. 10, 
namie Road, Bebington. Chemical Engineer. Signed by: Percy N. Williams, B. D. W. Luff, W. H. ¢. 

immonds. ; 

t Worden, Alastair Norman, 13.A. (Cantab-), B.Sc. (Lond.), A.R.I.C., M.R.C.V.S. British. University College of Wales, 


Aberystwyth. Milford Professor of Animal Health, University College of Wales, Aberystwyth. Signed by: 
C. W. Dayies, J. B. Bowen, Kurt Heller. 
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UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


{Biermans, Jean, Ingenieur Tech.Ind.Chim. (Institut Meurice-Chimie, Belgium). Belgian. 5, Rue Maelbeek, Dilbeek, 
Belgium. Managing Director at the “‘ Usines Robert Houben”’ (Dilbeek). Signed by : L. Flamache, F. Meunier. 

Mund, Walter Emile Marie, D.Sc. (Louvain). Belgian. 32, Rue de Beriot, Louvain, Belgium. Professor Physical 
Chemistry in the University of Louvain. Signed by : F. G. Donnan. 

§chepman; Felix Robert, Nat. Phil. Cond. (Univ. Groningen, Holland), Dutch. Stadionkade 81", Amsterdam (Z), 
Holland. Student, University of Amsterdam and Research worker at ‘‘ Werkspoor M.V.’’ Amsterdam. Signed 


by: J. P. Wibaut. 


Wilson, Thomas Henry. British. 10, Ardmore Road, Herne Bay, Auckland, New Zealand. Senior Assistant Analyst, 
Signed by : Alf. J, Parker. 


* Reduced annual subscription. (a) Junior Membership two-body. 


+ Three-body. (b) Junior Membership three-body. 
t Two-body. 





PAPERS RECEIVED 


List of papers received between September 15th and October 4th, 1945. (This list does not include 
the titles of papers which have been read at a Scientific Meeting or which have appeared in the Journal. 


“The course of autoxidation reactions in polyisoprenes and allied compounds. Part X. Peroxidation 
of methyl elzostearate.’”” By A. SUNDRALINGAM. 

“The preparation of 7-hydroxy-2-aminofluorene.”” By F. GouULDEN and G. A. R. Kon. 

“The ternary systems NaSCN-Ca(SCN),-H,O, KSCN-Ca(SCN),-H,0, NH,SCN-Ca(SCN),-H,O and 
Ca(SCN),-AgSCN-H,O at 25°." By A. K. McKErrow, V. J. OccLEsHAw, and (in part) F. 
DRABBLE. 

“Researches on acetylenic compounds. Part I. The preparation of acetylenic ketones by oxidation 
of acetylenic carbinols and glycols.’” By K. Bowpen, [. M. HEILBRON, E. R. H. Jones, and B. C. L. 
WEEDON. 

“Researches on acetylenic compounds. Part II. (A) The addition of amines to ethynyl ketones. 
(B) Auxochromic properties and conjugating power of the amino group.”’” By K. Bownen, E. A. 
BRAUDE, E. R. H. JoNngEs, and B. C. L. WEEDON. 


“Researches on acetylenic compounds. Part III. Diene additions to ethynyl ketones.’ By K. 
BowDEN and E. R. H. Jongs. 

“Researches on acetylenic compounds. Part IV. The hydration of some acetylenyl-carbinols derived 
from «$-unsaturated aldehydes.’”’ By I. M. HemtBron, E. R. H. Jones, P. Smiru, and B. C. L. 
WEEDON. 

“Studies in the polyene series. Part XXII. Condensations between propargyl methyl ether and 
«f-unsaturated carbonyl compounds.’’ By I. M. HEILBRon, E. R. H. Jones, and R. N. Lacey. 

“Sulphur derivatives of thiazoles.”” By E. M. Gripss and F. A. RoBINson. 

“New naphthalene compounds structurally related to stilbeestrol.’”” By B. J. F. Hupson. 

“-Aminobenzenesulphonamide derivatives of pyrimidine. Preparation as antibacterial agents.”” By 
F. L. Rose and G. A. P. TuEy. 

“The acetone derivatives of hexahydric alcohols. Part I. Triacetone mannitol and its conversion 
into d-arabinose.” By L. F. Wiccrns. 


“The preparation of w-ethyl-w-n-decyl-w-n-dodecylacetophenone and related substances.’’ By C. L. 
CARTER and S. N. SLATER. 
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LOCAL REPRESENTATIVES OF THE CHEMICAL SOCIETY 


Aberdeen. 


Australia. 
Birmingham. 


Bristol. 


Cambridge. 
Canada. 


Edinburgh. 
Etre. 
Exeter. 
Glasgow. 
India. 


Leeds. 
Liverpool. 


Manchester. 


? 


Newcastle and Durham. 
New Zealand. 


Northern Ireland. 
North Wales. 


Nottingham. 


Oxford. 


St. Andrews and Dundee. 


Sheffield. 


South Africa. 


South Wales. 


T. Harold Reade, M.A., M.Sc., Chemistry Department, Marischal College, The 
University, Aberdeen. 

T. Iredale, D.Sc., F.R.I.C., The University, Sydney, Australia. 

L. L. Bircumshaw, M.A., D.Sc., Department of Chemistry, The University, 
Edgbaston, Birmingham, 15. 

E. B. Maxted, D.Sc., Ph.D., F.R.I.C., Chemistry Department, The University, 
Woodland Road, Bristol. 

F. S. Dainton, Ph.D.; B.A., Sidney Sussex College, Cambridge. 

Professor W. D. McFarlane, M.A., Ph.D., Macdonald College, St. Anne de 
Bellevue, Quebec, Canada. 

E. G. V. Percival, D.Sc., Ph.D., F.R.I.C., Chemistry Department, King’s 
Buildings, West Mains Road, Edinburgh. 

Professor T. S. Wheeler, Ph.D., D.Sc., F.R.I.C., Chemical Department, 
University College, Upper Merrion Street, Dublin. 

S. J. Gregg, Ph.D., A.R.C.S., A.R.I.C., Department of Chemistry, Washington 
Singer Laboratories, Prince of Wales’ Road, Exeter. 

James Bell, D.Sc., Ph.D., F.R.I.C., Chemistry Department, The University, 
Glasgow, W. 2. 

Sir Shanti S. Bhatnagar, O.B.E., D.Sc., F.R.S., The University, Lahore, 
Punjab, India. 

F. R. Goss, D.Sc., Ph.D., F.R.I.C., The University, Leeds, 2. 

A. McGookin, Ph.D., A.R.I.C., Organic Chemistry Department, The 
University, Liverpool. 

A. E. Gillam, D.Sc., F.R.I.C., Chemistry Department, The University, 
Manchester. 

J. C. Withers, Ph.D., A.R.I.C., Shirley Institute, Didsbury, Manchester. 

G. H. Christie, Ph.D., M.Sc., Department of Science, The University, South 
Road, Durham. 

Professor F. G. Soper, D.Sc., Ph.D., F.R.I.C., University of Otago, Dunedin, 
New Zealand. 

H. Graham, D.Sc., A.R.I.C., 26, Malone Hill Park, Belfast. 

W. Rogie Angus, M.A., D.Sc., Ph.D., F.R.I.C., Department of Chemistry 
University College of North Wales, Bangor. 

D. O. Jordan, M.Sc., A.R.I.C., University College, University Park, 
Nottingham. 

R. P. Bell, M.A., B.Sc., F.R.S., Balliol College, Oxford. 


J. D. M. Ross, M.B.E., M.A., D.Sc., Chemistry Department, University 
College, Dundee. 


-Brynmor Jones, B.Sc., Ph.D., Chemistry Department, The University, 


Sheffield, 10. 


Professor W. Pugh, Ph.D., B.Sc., F.R.I.C., 
University of Cape Town, Rondebosch, S. Africa. 


Professor J. E. Coates, O.B.E., D.Sc., F.R.I.C., University College, Singleton 
Park, Swansea. 


Chemistry Department, 





November, 1945 


THE CHEMICAL SOCIETY 





NOTICE OF FORTHCOMING SCIENTIFIC MEETINGS 
LONDON (Burlington House). 
Thursday, December 6th, 1945, at 5 p.m. 





The following papers will be read and discussed : 


“ The constitution of pseudo-santonin. Part I.”" By G. R. Clemo and Wesley Cocker. 
“The constitution of pseudo-santonin. Part II. The preparation of certain dimethyl 
naphthols.’’ By Wesley Cocker. 
‘“‘ Experiments in the piperidine series. Part I.’’ By A. H. Cook * and K. J. Reed. 
“ Part II.” By R. M. Anker, A. H. Cook,* and I. M. Heilbron. 
“ Part III.” By R. M. Anker and A. H. Cook.* 


“Structure of compounds of ferrocyanide type. Part I. Crystal structure of hexamethyliso- 
nitrilo ferrous chloride.”” By H: M. Powell * and G. W. R. Bartindale. 


Thursday, January 17th, 1946, at 5 p.m. 





Tilden Lecture, Substitution, by Professor E. D. Hughes, D.Sc., F.R.I.C. 


MANCHESTER. 
Friday, December 7th, 1945, at 6 p.m. 





/ 


Lecture, The Principles of Crystal Analysis, by Professor J. M. Robertson, M.A., D.Sc., F.R.S. 


Joint meeting with the local section of the Royal Institute of Chemistry, to be held in the Chemistry 
Lecture Theatre of the University.~ 


Thursday, January 24th, 1946, at 6 p.m. 





Tilden Lecture, Some Recent Developments in the Chemistry of Free Radicals, by Dr. W. A. 
Waters, M.A. 


Joint meeting with the Local Section of the Royal Institute of Chemistry, to be held in the Chemistry 


Lecture Theatre of the University. 
‘ 


SOUTH WALES. 
Monday, January 28th, 1946, at 6 p.m. 





Lecture, The Separation of Isotopes and Thermal Diffusion, by Professor J. Kendall, D.Sc., 
F.R.S. 


Joint meeting with Swansea University College Chemical Society, to be held in the Chemistry Lecture 
Theatre of the University College, Swansea. 


(This lecture was postponed from October 29th, 1945.) 


* To read paper. 
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LOCAL REPRESENTATIVES OF THE CHEMICAL SOCIETY 


Aberdeen. 


Australia. 
Birmingham. 


Bristol. 


Cambridge. 
Canada. 


Edinburgh. 
Eire. 
Exeter. 
Glasgow. 
India. 


Leeds. 
Liverpool. 


Manchester. 


” 


Newcastle and Durham. 


New Zealand. 


Northern Ireland. 
North Wales. 


Nottingham. 


Oxford. 


St. Andrews and Dundee. 


Sheffield. 
Southampton. 
South Africa. 


South Wales. 


T. Harold Reade, M.A., M.Sc., Chemistry Department, Marischal College, Th. 
University, Aberdeen. 


T. Iredale, D.Sc., F.R.1.C., The University, Sydney, Australia. 


L. L. Bircumshaw, M.A., D.Sc., Department of Chemistry, The University 
Edgbaston, Birmingham, 15. 


C. E. H. Bawn, Ph.D., Chemistry Department, The University, Woodlanj 
Road, Bristol. — 


F. S. Dainton, Ph.D., B.A., Sidney Sussex College, Cambridge. 


Professor W. D. McFarlane, M.A., Ph.D., Macdonald College, St. Anne & 
Bellevue, Quebec, Canada. 


E. G. V. Percival, D.Sc., Ph.D., F.R.I.C., Chemistry Department, King’ 
Buildings, West Mains Road, Edinburgh. 


Professor T. S. Wheeler, D.Sc., Ph.D., F.R.I.C., Chemical Department, 
University College, Upper Merrion Street, Dublin. 


S. J. Gregg, Ph.D., A.R.C.S., A.R.I.C., Department of Chemistry, Washington 
Singer Laboratories, Prince of Wales’ Road, Exeter. 


James Bell, D.Sc., Ph.D., F.R.I.C., Chemistry Department, The University, 
Glasgow, W. 2. 


Sir Shanti S. Bhatnagar, O.B.E., D.Sc., F.R.S., The University, Lahore, 
Punjab, India. 


F. R. Goss, D.Sc., Ph.D., F.R.1I.C., The University, Leeds, 2. 


A. McGookin, D.Sc., Ph.D., A.R.I.C., Organic Chemistry Department, The 
University, Liverpool. 


A. E. Gillam, D.Sc., 
Manchester. 


J. C. Withers, Ph.D., A.R.I.C., Shirley Institute, Didsbury, Manchester. 


G. H. Christie, Ph.D., M.Sc., Department of Science, The University, South 
Road, Durham. 


Professor F. G. Soper, D.Sc., Ph.D., F.R.I.C., University of Otago, Dunedin, 
New Zealand. 


H. Graham, D.Sc., A.R.I.C., 26, Malone Hill Park, Belfast. 


W. Rogie Angus, M.A., D.S¢., Ph.D., F.R.1.C., Department of Chemistry, 
University College of North Wales, Bangor. 


D. O. Jordan, Ph.D., M.Sc., A.R.I.C., University College, University Park, 
Nottingham. 


R. P. Bell, M.A., B.Sc., F.R.S., Balliol College, Oxford. 


J. D. M. Ross, M.B.E., M.A., D.Sc., Chemistry Department, University 
College, Dundee. 


Brynmor Jones, B.Sc., 

. Sheffield, 10. 

S. H. Harper, B.Sc., 
Southampton. 


Professor W. Pugh, Ph.D., B.Sc., F.R.I.C., Chemistry Department, 
University of Cape Town, Rondebosch, S. Africa. 


Professor J. E. Coates, O.B.E., D.Sc., F.R.I.C., University College, Singleton 
Park, Swansea. 


F.R.L.C., Chemistry Department, The University, 


Ph.D., Chemistry Department, The University, 


D.Sc., Ph.D., A.R.C.S., D.I.C.? University College, 





PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 





Minutes of a 


SCIENTIFIC MEETING 
held at Burlington House, Piccadilly, W.1, on Thursday, November ist, 1945, at 5 p.m. 


The President, PRorEssor W. N. Haworth, D.Sc., F.R.S., was in the Chair and welcomed the 
visitors present. 


MINUTES. 
The Minutes of the Scientific Meeting held on the 4th October were taken as read and signed. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Chemical Society: A. G. D. Emerson, T. A. Rohan, 
A. Campbell, D. W. Jopling, J. R. Park, R. L. Blackmore, R. Ghosh. 


SCIENTIFIC COMMUNICATIONS. 
The following papers were read and discussed : 


‘“Mesohydric tautomerism.”’ By L. Hunter. 

‘The sorption of condensable vapours by porous solids. Part III. Multimolecular adsorption. 
Part IV. Linear isothermals and the Langmuir equation.’”’ By A.‘G. Foster. 

‘Retention of asymmetry during the Beckmann, Lossen, and Curtius changes.’”” By A. Campbell 
and J. Kenyon. 





OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regret to announce the deaths of the following Fellows : 


Elected. Died. 


Lancelot Alexander Borradaile May 16th, 1895. Oct. 20th, 1945. 
Satyendra Nath Chakravarti Feb. 17th, 1927. Aug. 30th, 1945. 
Arthur James Cooper Dec. 15th, 1892. . Dec. 6th, 1944. 
— Evans Dec. Ist, 1904. uly Ist, 1945. 
rnest Gabriel Jones Feb. 20th, 1941. uly 14th, 1945. 
Donald Purdie June 6th, 1935 1944. 
(Prisoner in Japanese hands—date of death presumed.) 


PRESENTATION TO MR. 8S. E. CARR. 


It has been suggested that many Fellows of the Society would welcome an opportunity of con- 
tributing to a presentation to Mr. S. E. Carr on his retirement from the office of General Secretary after 
forty-two years of service. The Council decided to invite contributions of not more than ten shillings 
from Fellows and friends. The nature and date of the presentation will be decided at a later date and 
notified to contributors. ; 

Contributions should be sent, not later than January 3lst, 1946, to Dr. D. C. Martin, General 
ne at Burlington House, W.1. Fellows desirous of paying through a bank should cross cheques 
. E. Carr Fund.” 


‘ 


ACKNOWLEDGMENTS. 
The thanks of the Council have been conveyed to Mr. K. H. Wilks for a gift of Publications. 


> 
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EDITORSHIP. 


Dr. J. E. Driver has been appointed Editor as from January Ist, 1946, in place of Professor C. § 
Gibson who is kindly serving temporarily as Acting Editor. — 


ACCOMMODATION OF THE LIBRARY. 


For many years past it has been a problem of increasing urgency to find adequate accommodation 
for the library of the Society. The'only completely satisfactory solution would be a removal to ney 
premises with proper housing for the library, but a drastic reconsideration of all possible ways of 
finding extra space at Burlington House has now led to new steps which will meet the need for shelving 
space for a few more years. These steps involve serious additional inconvenience to the Office anj 
Library staffs, but will not for the present cause any interference with the Society’s meeting room. At 


the same time the arrangement of the library reading-room has been improved so as to provid 
accommodation for a number of additional readers. : 


ELECTION OF NEW FELLOWS. 


The following 23 candidates were elected Fellows of the Chemical Society on November Ist, 1945: 


JohnDempster. John Archer Mills. Irvine Giles Rankin. 
Bernard Thomas Donovan. Philip Edward Lovering. James Charles Cyril Ransom, 
Francis Barnett Dudley. on Main McGowan. Albert John Seavell. 
Harold Fore. illiam Lindsay Mosby. Oliver Stephensong 

Gordon Howard Foxon. Margaret McCowan Stewart Mackie. Guy Harold Ralph Watson. 
Norah Hall. Thomas Patrick Cunningham Mulholland. Geoffrey Albert Weeks. 


Robert Theodore Hunter. was Young Fraser Paterson. Edward Arthur Williams. 
Narinder Singh Kapur. elix Popper. ; 


LOCAL REPRESENTATIVES. 
BRISTOL. 


Dr. C. E. H. Bawn, Department of Chemistry, The University, Woodland Road, Bristol, has 
accepted the invitation of the Council to become the Representative of the Society in the Bristol Area 
in place of Dr. E. B. Maxted who has resigned. 

SOUTHAMPTON, 


The Council has decided to appoint a Local Representative in the Southampton Area, and Dr. S. H. 
Harper, University College, Southampton, has accepted the invitation of the Council to become the 


first Local Representative. 
BRITISH STANDARDS TECHNICAL COMMITTEE: C/17, VISCOSITY. 
Dr. A. E. Dunstan has been nominated as the Society’s Representative on this Committee. 


PAPER ON GERMAN RESEARCH WORK. 


A paper entitled ‘‘ Cyclopolyolefines,’’ describing hitherto unpublished research work carried out in 
Germany, has been received from the Ministry of Supply. Copies of this paper have been placed in 
the Library and may be examined, or borrowed, on application to the Librarian. 


CHRISTMAS CLOSING OF THE LIBRARY. 


The Library will be closed for the Christmas Holidays from Monday, December 24th, until Thursday, 
December 27th, both dates inclusive. 





MEETINGS OUTSIDE LONDON. 


GLASGOW. 
(a) On October 26th. 





* Ata joint meeting of the Society with the Glasgow University Alchemists’ Club and the Andersoniat 
Chemical Society held in the Chemistry Department, The University, Glasgow, on Friday, October 26th, 
Sir Robert H. Pickard delivered a lecture on ‘‘ Long Chain Molecules.’’ Professor J. M. Robertson occt- 
pied the Chair. After consideration of the work of Carothers on the self-esterification of hydroxy acids, 
the development of some aspects of the chemistry of long-chain molecules was critically discussed. A 


vote of thanks to the lecturer, proposed by Mr. H. Winning, President of the Andersonian Chemical 
Society, was enthusiastically carried. 
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(b) On November 16th. 


A joint meeting of the Chemical Society with the local sections of the Royal Institute of Chemistry 
and the Society of Chemical Industry was held in the Royal Technical College, Glasgow, on Friday, 
November 16th, with Professor J. M. Robertson, F.R.S., in the Chair, when Professor J. M. Gulland, 
F.R.S., lectured on “‘ Polynucleotides ‘and Nucleoproteins.” 

After discussing the widespread occurrence, biological importance, and probable nied of nucleic 


acids, Professor Gulland considered the problem of the formation of nucleic acids from the nucleotide 
units in the light of recent work. 





MANCHESTER. 
On October 29th. 


Jointly with the local sections of the Society of Chemical Industry and Royal Institute of Chemistry 
the Manchester section held a meeting on October 29th at the Engineers’ Club, when Mr. F. P. Dunn, 
the Treasurer of the Society, delivered a lecture entitled ‘“‘ The Publication of the Three Chartered 
Bodies.” 

After an historical survey, he outlined the present financial arrangements for publications and 
indicated the planned future improvements. The Lecture, illustrated by lantern slides, was followed 
by an enthusiastic discussion. The Chairman was Mr. J. T. Marsh, and a vote of thanks proposed by 
Mr. C. Gysin, seconded by Dr. F. S. Spring, was carried with acclamation. 





SHEFFIELD. 
(a) On October 26th. 


A meeting of the Society was held jointly with the South Yorkshire Section of the Royal Institute 
of Chemistry and the University of Sheffield Chemical Society on Friday, October 26th, 1945, at 6.30 
p.m., in the Chemistry Lecture Theatre of the University, with Professor R. D. Haworth, F.R.S., in 
the Chair. Professor D. T. A. Townend, D.Sc., and Dr. J. E. Garside lectured on ‘‘ Burner Flames,”’ 
Professor Townend discussing ‘‘ Quiescent Flames ’’. and Dr. Garside ‘‘ Turbulent Flames.’’ The lec- 
tures and demonstrations were greatly appreciated by a large audience, and a vote of thanks to the 
two lecturers, proposed by Dr. Mott and seconded by Miss E. G. Turner, was carried with enthusiasm. 


(b) On November 16th. 


A joint meeting of the Society and the University of Sheffield Chemical Society was held in the 
Chemistry Lecture Theatre of the University on Friday, November 16th, 1945, at 5.30 p.m., with 
Professor R. D. Haworth, F.R.S., in the Chair, when Professor I. M. Heilbron, D.S.O., LL.D., E.R. S., 
Vice-President of the Society, delivered a lecture on “ Our War against Insect Pests,’’ to a very large 
and appreciative audience. After outlining the main developments in the field of Chemotherapy since 
the time of Ehrlich, Professor Heilbron proceeded to give a fascinating account of the discovery and 
application of the insecticide DDT. A lively and interesting discussion followed, and, at the close, a 


vote of thanks to Professor Heilbron, proposed by Dr. Brynmor Jones, and seconded by Mr. A. R. 
Pinder, was carried with acclamation. 











LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the Honorary Secretaries 


— December 31st, 1945. Such objections will be treated as confidential. . The forms of application are displayed in the 
ary.) 


tAult, Robert Geoffrey, B.Sc.Hons. and Ph.D. (Birm.), F.R.I.C. British. The Laboratory, Mitchells & Butlers, Ltd., 
ee Hill, Birmingham. Research Chemist and Bacteriologist. Signed by : W. N. Haworth, M. Stacey, Stanley 
eat. 
"Bentley, Kenneth Walter. British. 6, Lower Rushton Road, Thornbury, Bradford. Reading for Honours Degree 
in Chemistry at Lincoln College, Oxford. Signed by : Ronald P. Bell, N. V. Sidgwick, F. M. Brewer. 

Marianne Cecilia, B.Sc.Hons. (Lond.). Stateless, former German. 283, Watford Way, Hendon, N.W. 4. 
Assistant Chemist (Research) at-English Metal Powder Co., Ltd., West Drayton. Signed by : D. H. Richardson, 
W. Gerrard, G. W. Wrzeszinski. 

Birch, Harold Foster, B.Sc.Hons. and Ph.D. (L’pool). British. 29, Wetstone Lane, West Kirby. Otganic Chemist, 
Cinchona Research Organisation (Colonial Service). Signed by: T. A. Henry, J. A. Goodson, T. M. Sharp. 





It Haare reg ae SE, 


beet 


CS RE GE? 


pw ee 


Bowyer, Henry.British. 3, Buckley Crescent, Little Bispham, Elackpool. Chemist (Manufacturing). Signed by. 
C. D. Moore, Howard A. Costigan, Edward B. Oldbury. 

*Bristow, Norman William, B.A. Part II Natural Sciences Tripos (Chemistry), 1945 (Cantab.). British. Emmany 
College, Cambridge. Research Student at University Chemical Laboratory, Pembroke Street, Cambridge. Sign 
by : F. S. Dainton, B. A. Kilby, A. R. Todd. 

*Brown, Ben Ronald. British. 109, Queen Street, Swinton, Mexborough. Reading Part I Honours Chemistry, 
Oxford. Signed by :. D. Ll. Hammick, H. R. Ing, A. S. Bailey. 

tCaldwell, Charles Collingwood, B.Sc. (Lond.), A.R.I.C. British. Montrose, Harpenden Road, St. Albans. Ary 
Officer. Signed by: R. Leslie Collett, H. J. T. Ellingham, Alex. Findlay. 

(a)Cohn, Irene Marianne, Inter.B.Sc. (Lond.), Student for B.Sc. (Sp.) Chemistry. German. 24, Hill Rise, N.W. ]], 
Research Assistant. Signed by : D. J. G. Ives, Wm. Wardlaw, M. B. Green. 

tCoxon, Wilfred Francis, M.Sc. and Ph.D. (Lond.), F.R.I.C. British. 35, Castlebar Road, Ealing, W. 5. Principal 
Technical Officer, M.A.P. Signed by: R. J. W. Le Févre, D. H. Peacock, H. J. T. Ellingham. 

(a)Critchley, Stanley, A.R.I.C. 41, Sutton Road, Askern, nr. Doncaster. Analytical Chemist, British Bemberg, Ltd, 
Wheatley, Doncaster. Signed by : Harry Wilson, E. A. Boyce, R. Leslie Collett. 

Cuthbertson, William Wilson, B.Sc.Hons. (St. Andrews), Research Worker for 2 years at St. Andrews University. 
British. 39, Eddy Close, Jutsums Lane, Romford. Research Chemist in the Chemotherapeutic Research Division 
of May and Baker, Ltd., Dagenham. Signed by: J. C. Irvine, John Read, John Dewar. 

tDarlaston, Arthur John Halstead, B.A. (Oxon.), A.R.I.C. British.: 40, Gloucester Road, New Barnet. Chief Chemist, 
Cosmos Manufacturing Co., Ltd. (Radio Valve Manufacturers), Brimsdown, Enfield. Signed by : Leonard Levy, 
D. W. West, E. G. V. Barrett. 

Deverell, David, B.Sc.Hons. (Lond.). British. 16, Chalgrove Crescent, Clayhall Avenue, Ilford. Analytical Chemist, 
Signed by : H. Wells, R. W. Hodgkinson, Maurice H. Pearson. 

Devlin, William St. J., M.Sc. (N.U.I.), A.R.I.C. Irish. 2, Patrick Street, Cork. Research Chemist, M. Atkins, 
Chemical Manufacturers. Part-time Lecturer in Chemistry and Physics in Crawford Municipal Technical Institute, 
Signed by : Joseph Reilly, Michael A. Fielding, John C. Aherne. 

Ellinger, Leo Philipp, M.A. and D.Phil. (Oxon.}. German. 4, Heath Mansions, Putney Heath Lane, S.W. 15, 
Research Chemist at Ward, Blenkinsop & Co., Ltd., Greenland Mills, Bradford-on-Avon. Signed by ; S. G. Waley, 
Walter T. J. Morgan, S. S. Zilva. ‘ 

tEvans, Alfred Alexander, B.Sc. and Ph.D. (Lond.), A.R.I.C. British. 19, Duppas Hill Road, Wadden, Croydon, 
Chemist, Roche Products, Welwyn Garden City. Signed by: J. A..R. MacLean, M. Davis, F. B. Jones. 

(b)Foxcroft, Hugh John, B.Sc. Physics (Subsid.), taking Special Chemistry in June, 1946. Registered Student, Royal 
Institute of Chemistry. British. 66, Dorset Road, Merton Park,S.W.19. Plant Chemist with Organon Laboratories, 
Ltd., Deer Park Road, Lombard Road, Merton, S.W.19. Signed by: J. W. Smith, Norman B. Peake, Paul 
F. Holt. 

+Franklin, Charles Ronald, B.Sc.Hons. (Wales), Diploma in Chemical Engineering (London). British. 74, The Drive, 
Golders Green, N.W.11. Chemical Engineer to Messrs. Carless, Capel and Leonard of Hackney Wick, E.9. 
Signed by : J. E. Coates, L. E. Hinkel, E. E. Ayling, N. H. Hartshorne, R. H. Davies. 

(a)Gilby, Jack Arthur, Inter.B.Sc. (Lond.). British. 94, Longcroft Lane, Welwyn Garden City. Junior Chemist. 
Signed by : W. Gerrard, A. Cohen, F. P. Handisyde. 

(a)Gutmann, Ernest Michael, Inter.B.Sc. and B.Sc.Subsid. im Physics (Lond.). Formerly German. 465, Kingsley 
Court, Park Avenue, N.W.2. Research Assistant. Signed by : M. B. Green, Wm. Wardlaw, D. J. G. Ives. 
*Hillman, Margaret Elizabeth, B.Sc.Hons. (Lond.). British. 60, Ellerton Road, S.W.18. Research Chemist at 
British Rubber Producers Research Association. Signed by ;: G. M. Bennett, Gwyn Williams, C. S. Salmon. 
*Latham, Donald, London Matriculation. British. 199, Bellingham Road, Catford, S.E. 6. H.M. Forces (Army). 

Signed by : B. C. Platt, W. Solomon, T. M. Sharp. 

Levy, Paul Russell, B.Sc.Hons. (Witwatersrand). South African National. 57, St. Patrick Road, Houghton Estate, 
Johannesburg. Graduate Assistant, Chemistry Department, Witwatersrand University. Signed by: Henry 
Stephen, H. R. Raikes, O. G. Backeberg. 

*Loewenthal, Hans Jakob Edgar, B.Sc.Hons. (Lond.). German. 15, Dunstan Road, N.W.11. Research Chemist 
with Chemi-Synthetics, Ltd., Saunders Ness Road, E.14. Signed by: H. Lambourne, J. Pomeraniec, W. M. 
Wolf. 

*Macdowell, Denis William Herbert, B.Sc.Hons. (Q.U.B.). British. 70, Maryville Park, Malane Road, Belfast. 
Research Chemist, Linen Industry Research Association, Lambeg, Co. Antrim. Signed by : Henry Wren, R. W. 
Kinkead, Trevor G. Majury. 

tMackenzie, Kenneth, M.Sc.Tech. (Manc.), Ph.D. (Aberd.), A.M.C.T. - British. Woodlands, Tring. Chief Chemist, 
Hordern Richmond, Ltd., Haddenham. Signed by: E. G. V. Percival, T. R. Bolam, Neil Campbell. 

tMcLean, John, Ph.D. (Glas.), and B.Sc. F.R.1.C. British. 810, Crow Road, Glasgow, W.3. Lecturer in Chemistry, 
Royal Technical College, Glasgow, C.1. Signed by ;: I. Vance Hopper, John A. Cranston, A. B. Crawford. 

Merton, William Ralph, M.A.Hons. (Oxon.). British. 26a, North Audley:Street, W.1. Scientific Consultant. Signed 
by : Alfred C. Egerton, ‘Thomas R. Merton, H. T. Tizard. 

tMurfin, John Webster. Passed theory papers of London B.Sc. (Special Chem.) while P.O.W.in Germany. Registered 
Student of Royal Institute of Chemistry. British. 10, Kingston Road, West Bridgford. Student at Nottingham 
University College studying to complete degree of London B.Sc. (Special Chemistry). Signed by: D. O. Jordat, 
John C. Roberts, H. F. W. Taylor. 

tNicholson, Jack, B.Sc.Hons. (Manc.), A.R.I.C., Diploma of Education (Manc.). British. Inglenook, Stockingate, 


South Kirkby, nr. Pontefract. Metallurgical Research Chemist. Signed by: J. B. M. Herbert, Colin Campbell, 
F. Fairbrother. 


tNickels, Kenneth Ernest, B.Sc. (Lond.), A.M.I.Chem.E. British. 31, Stonehouse Road, Sutton Coldfield. Chemical 
Engineer. Signed by : C. Diamond, F. Stanley Brown, H. Paul. P 

O’Tuama, Diarmuid, M.Sc. (N.U.I.). Irish. 55, Annamoe Road, Cabra, Dublin. Research Chemist with the Medical 
Research Council of Ireland. Signed by : Vincent C. Barry, T. S. Wheeler, A. G. G. Leonard. 
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+Pleaden, Ronald Francis, B.Sc. (Lond.), F.R.I.C. British. Ordnance Factory, Khamaria, Jubbulpore, C.P., India. 
Indian Ordnance Service. Signed by: R. Leslie Collett, Alex. Findlay, H. J. T. Ellingham. 

(b)Roberts, Robert, B.Sc.Hons. (Wales). British. Nuneham, North Road, Aberystwyth. Research Student, 
University College of Wales, Aberystwyth. Signed by : C. W. Davies, K. Heller, J. B. Bowen. 

+Savill, Albert Henry, M.Sc. (Lond.), A.R.L.C. British. Wandsworth and District Gas Co., Fairfield Street, 
Wandsworth, S.W.18. Chief Chemist. Signed by : E. de Barry Barnett, John R. Dewhurst, Eunice A. Bucknell. 

*§mith, Herschel, B.A.Hons. (Cantab.). British, Emmanuel College, Cambridge. Research Student. Signed by : 
F. S. Dainton, D. R. Lyon, F. G. Holliman. 

Simpson, James Dudley Moor, B.Sc.Hons. (Witwatersrand). South African National. 6a, Eight Stgeet,. Springs, 
Transvaal. Graduate Assistant, Department of Chemistry, The University, Witwatersrand: Signed by : Henry 
Stephen, H. R. Raikes, O. G. Backeberg. 

+St. John, Dara Derrick Phiroz, B.Sc. (Lond.), A-R.I.C. British. 199, Tilehouse Green Lane, Knowle. 
Chemist. Signed by : G. Barnett, E. G. K. Pritchett, C. E. Scoffom. 

Youd, Frederick Robert, B.Sc.Hons. (Birm.), A.R.I.C. British. 11, Mayfield Road, Edinburgh, 9. At present 


serving in H:M. Forces, Captain, Royal Electrical and Mechanical Engineers. Signed by: W. N. Haworth, 
Stanley.Peat, S. R. Carter. 


Research 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Felix, Dr.Phil. and Dr.Med. (Berlin). Palestinian. The Daniel Sieff Research Institute, Rehovoth, 
Palestine. Research Chemist, Sieff Institute. Signed by : L. Haskelberg, A. Fodor. 
‘Cavill, George William Kenneth, B.Sc. (Sydney), A.R.I.C. British. 40, Chandos Street, Ashfield, N.S.W. Lecture 
in Chemistry, Sydney Technical College. Signed by: J. C. Earl, T. Iredale. 
{Joiner, William Alexander, M.Sc. (New Zealand), Diploma in Chemical Engineering (Lond.), F.R.I.C., A.M.I.Chem.E. 
British. Dominion Laboratory, Department of Scientific and Industrial Research, Wellington, New Zealand. 
Assistant Director and Chief Chemical Engineer (Dominion Laboratory). Signed by : L. H. James. 


* Reduced annual subscription. (a) Junior Membership two-body. 
~ ° 
y: 


+ Three- (b) Junior Membership three-body. 
t Two-body. 





PAPERS RECEIVED 


aa 
List of papers received between October 5th and November Ist, 1945. (This list does not include 
the titles of papers which have been read at a Scientific Meeting or which have appeared in 1.2 Journal.) 


“Physical properties and chemical constitution. Part IX. Aliphatic hydrocarbons.”’ By A. I. VoGEL. 

“Acetylation of some 5-aminoacridines.’”’ By J. H. WILKINSON and I. L. FINarR. 

“New potential chemotherapeutic agents. Part III. Derivatives of diphenylamine and of ««-diphenyl- 
methylamine.”” By F. E. Kine, T. J. Kinc, and (Miss) I. H. M. Murr. 

“The course of autoxidation reactions in polyisoprenes and allied compounds. Part XI. Double bond 
movement during the autoxidation of a mono-olefin.’” By E. H. FARMER and D. A. Sutton. 

“New synthetic oestrogens. Part I. The synthesis of «: 8 : 2 : 2’-tetramethyl-4 : 4’-dihydroxystilbene 
and «: 8: 2: 2’-tetramethyl-4 : 4’-dihydroxydibenzyl.”” By B. J. F. Hupson and E. WaALTon. 

“The structure of some electron-deficient molecules.” By H. C. Loncuet-Hicerns. 

“Chemical investigations of the insecticide ‘DDT’ and its analogues. Part I. Reactions of ‘DDT’ 
and associated compounds.’’ By J. Forrest, O. STEPHENSON, and W. A. WATERs. 

“Experiments in the piperidine series. Part III.’”’ By R. M. ANKER and A. H. Cook. 

“Studies in the detoxication of catalyst poisons. Part IV. Detoxication of carbon disulphide.” ' By 
E. B. MAXTED and A. MARSDEN. 

“Reactions of alkylisoformanilides. Part II. With reactive pyridinium salts.’’ By E. B. Knorr. 

“Aminoalkyl esters of thiazolecarboxylic and thiazolyl-4-acetic acids.” By E. R. H. Jongs, F. A. 
Rosinson, and M. N. STRACHAN. 

“Quinolyl derivatives of p-aminobenzamide:”’ By J. H. Gorvin. 


“The mechanism of benzidine-type rearrangements, and the réle of x-electrons in organic chemistry.” 
By M. J. S. Dewar. 


“Contributions to the chemistry of synthetic antimalarials. Part II. Tetrahydro-pamaquin.”’ By 
H. J. BARBER and W. R. Wracc. 


“Some 5-spirothiazolidiones.” By E. R. H. Jones, F. A. Roprnson, and M. N. STRACHAN. 


“Cinnolines. Part V. The reaction between pyridine, acetic anhydride, and 4-hydroxycinnoline- 
3-carboxylic acid.” By K. ScHoFIELD and J. C. E. Smmpson. 


¥ —— Part VI. Derivatives of 4-hydroxy-6 : 7-dimethoxycinnoline-3-acetic acid.’’ By J. C.E. 
IMPSON. 
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“Organic sulphur compounds. Part XXIX. Experiments with 1-thio-y-pyrones. Thermal rearrang. 
ment of 1-thio-y-pyrone derivatives into the isomeric 1-thio-a-pyrone derivatives.” By A 
SCHONBERG and (Miss) W. ASKER. 

_** Action of Grignard’s reagent. Part II. Replacement of the oxygen atoms of ketones for tw 
hydrocarbon radicals by the action of Grignard’s reagent.’”’ By A. SCHONBERG and (Miss) W. 
ASKER. 

“1:2:3:4-Tetrachloronaphthalene.”’ By W. P. WYNNE. 

“ The identfty of 6-aminoacetoveratrone.”’ By J. C. E. Smmpson. 

“‘ Substances allied to benzylamine-4-sulphonamide.’”’ By T. DEwINc. 

“‘Nitration of aromatic orthohydroxycarboxylic acids and their esters with diacetylorthonitric acid,” 
By H. C. Barany and M. PIANKA. 





December, 1945 


THE CHEMICAL SOCIETY 


NOTICE OF FORTHCOMING SCIENTIFIC MEETINGS 


LONDON (Burlington House). 
Thursday, January 17th, 1946, at 5 p.m. 
Tilden Lecture, Substitution, by Professor E. D. Hughes, D.Sc., F.R.I.C. 
Thursday, February th, 1946, at 5 p.m. 
Meeting for the reading of original papers. (Further particulars will be announced.) 








BIRMINGHAM. 
Tuesday, February 12th, 1946, at 4 p.m. 


Be ev entitled Synthesis in the Study of Nucleotides, by Professor A. R. Todd, D.Sc., 
-R.S. 


To be held in the Chemical Lecture Theatre of the University. 





EDINBURGH. 
Friday, February 22nd, 1946, at 7.30 p.m. 


Lecture, Some Problems in Polysaccharide Chemistry, by Professor E. L. Hirst, M.A., D.Sc., 
F.R.S. 


Joint meeting with the local sections of the Royak Institute of Chemistry and the Society of Chemical 
Industry, to be held in the North British Station Hotel. 





GLASGOW. 
Friday, February 15th, 1946, at 5.30 p.m. 


Tilden Lecture and Official Meeting of the Society, Some Recent Developments in the Chemistry 
of Free Radicals, by Dr. W. A. Waters, M.A. 


To be held in the large Lecture Theatre of the Chemistry Department of the University. 





LIVERPOOL. 
Thursday, February 21st, 1946, at 5 p.m. 


Lecture, The Chemical Investigation of some New Therapeutic Agents, by Dr. F. E. King, M.A. 
To be held in the Muspratt Lecture Theatre of the University. 





MANCHESTER. 
Thursday, January 24th, 1946, at 6 p.m. 
Tilden Lecture, Some Recent Developments in the Chemistry of Free Radicals, by Dr. W. A. 


Waters, M.A. 


Joint meeting with the local section of the Royal Institute of Chemistry, to be held in the Chemistry 
Lecture Theatre of the University. 


Wednesday, February 27th, 1946, at 7 p.m. 


Lecture, What Industry Expects from the Chemist, by Dr. C. J. T. Cronshaw, F.R.I.C. 


Joint meeting with the local section of the Royal Institute of Chemistry, to be held at the Engineers’ Club, 
Albert Square. 











NEWCASTLE and DURHAM. 
Friday, February 22nd, 1946, at 5.30 p.m. 


Bedson Club Lecture, Structural Inorganic Chemistry, by Professor W. Wardlaw, D.Sc., F.R.1¢ 
To be held in King’s College, Newcastle-on-Tyne, and all Fellows are invited. 
._ 8 





Friday, March \st, 1946. 


Meeting for the reading of original papers. 
To be held in the Chemistry Lecture Theatre, King’s College, Mentastieein Dene, 





NORTH WALES. 
Thursday, February 21st, 1946, at 5.30 p.m. 


Lecture, The Structure of Boron Hydrides and Similar Compounds, by Mr. R. P. Bell, M.A, 
F.R.S. 


Joint meeting with the University College of North Wales Chemical Society, to be held in the Department 
of Chemistry at the University College, Bangor. 





' ST. ANDREWS and DUNDEE. 
Friday, January 25th, 1946, at 5 p.m. 


Lecture, Chemical Products from Seaweeds, by E. G. V. Percival, D.Sc., Ph.D., F.R.I.C. 
To be held in the Chemistry Department, University College, Dundee. 





Monday, February 18th, 1946, at 5 p.m. 


Lecture, Electrolytic Dissociation in Salt Solution, by Professor C. W. Davies, D.Sc., F.R.I.C. 
To be held in the Chemistry Department, University College, Dundee. | 





SHEFFIELD. 
Friday, February 8th, 1946, at 5.30 p.m. 


Lecture, Light Absorption from a Chemical Standpoint, by Mr. E. J. Bowen, M.A., F.R.S. 


Joint meeting with the University Chemical Society, to be held in the Chemistry Lecture Theatre of the 
University. 





SOUTH WALES. 
Monday, January 28th, 1946, at 6 p.m. 


Lecture, The Separation of Isotopes and Thermal Diffusion, by Professor J. Kendall, D.Sc., 
F.RS. 


Joint meeting with Swansea University College Chemical Society, to be held in the Chemistry Lecture 
Theatre of the University College, Swansea. 








PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 





Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, Piccadilly, W.1, on Thursday, December 6th, 1945, at 5 p.m. 


The President, PRoFEssoR W. N. Haworth, D.Sc., F.R.S., was in the Chair. 


INUTES. 
The Minutes of the Scientific Meeting held on November Ist were taken as read and signed. 


a 


ORMAL ADMISSION OF FELLOWS. 
The following were admitted Fellows of the Chemical Society: E. S. Stern, J. G. Burgan, D. E. 
utterfield. 


CIENTIFIC COMMUNICATIONS. 
The following papers were read and discussed : 


“The constitution of pseudo-santonin. Part I.” By G. R. Clemo and Wesley Cocker. 

“ The constitution of pseudo-santonin. Part II. The preparation of certain dimethyl naphthols.”’ 
By Wesley Cocker. 

“Experiments in the piperidine series. Part I.”” By A. H. Cook and K. J. Reed. 

“Experiments in the piperidine series. Part II.” By R. M. Anker, A. H. Cook, and I. M. 
Heilbron. 

‘Experiments in the piperidine series. Part III.’’ By R. M. Anker and A. H. Cook. 

“Structure of compounds of ferrocyanide type. Part I. Crystal structure of hexamethyliso- 
nitrile-ferrous chloride.’’ By H. M. Powell and G. W. R. Bartindale. 





OFFICIAL ANNOUNCEMENTS 


The Council regret to announce the deaths of the following Fellows : 
Elected. Died. 


Francis William Aston ... ons cee ose --- 1935 Nov. 20th, 1945 
William Barr ene int ave oan son .. 1943 Aug. 15th, 1945 
Reginald Busby Brown ... ove ove ete --- 1892 Nov. 24th, 1945 
Patrick Joseph Dominick Fielding cok eee ---» 1895 Nov. 1944 

John Berridge Fraser oes one eee ose --» 1944 Oct. 8th, 1945 
Archibald Reid Ormiston oss one ace --- 1887 Dec. 11th, 1934 
John Sanderson ... ene one ote ode ‘-. 1888 Feb. 13th, 1945 


Bertram George Swannell ase ote ose --- 1945 Nov. Ist, 1945 
James Fowler Tocher_... bene an vie eos «=. BDL Now. 8th, 1945 
Eduard Zintl ona one ace iw ie --- 1934 Jan. 17th, 1941 


ONGRATULATIONS. 

The Council have sent congratulations to John S. Adriance, who completed 60 years of Fellowship 
in December 3rd, 1945, and to the following who completed 50 years of Fellowship on December 5th, 
945 : 


Arthur J. Chapman. James Henderson. Clarence A. Seyler. 


RESENTATION TO MR. S. E. CARR. 

_It has been suggested that many Fellows of the Society would welcome an opportunity of con- 
ributing to a presentation to Mr. S. E. Carr on his retirement from the office of General Secretary after 
orty-two years of service. The Council decided to invite contributions of not more than ten shillings 
tom Fellows and friends. The nature and date of the presentation will be decided at a later date and 
hotified to contributors. 

Fellows are reminded that contributions should be sent, not later than January 3lst, 1946, to 
br. D. C. Martin, General Secretary, at Burlington House, W.1. Fellows desirous of paying through 
bank should cross cheques “‘ S. E. Carr Fund.” 
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_BEQUEST. 

The Council has been informed that the late Sir Martin Onslow Forster had bequeathed to 4 
Society a legacy of £500. 
ACENOWLEDGMENTS. 


The thanks of the Council have been conveyed to the Chemical Council for a donation of {lig 
towards the cost of the Society’s publications in 1945. 

Thanks have also been conveyed to Mr. Hugh Main, Mr. Arnold Merrick and the oy ant Depart 
ment Library of the University of Glasgow for gifts of publications. 


VACANCY ON THE COUNCIL. 


Dr. S. H. Harper has accepted the Council’s invitation to serve on Council until the next Ann 
General Meeting in place of Professor W. F. K. Wynne-Jones, who has resigned under Bye-Law 56, 


X-RAY CELEBRATIONS IN PRAGUE. . 


At the invitation of the Council, Professor E. G. Cox represented the Society at the X-y 
Celebrations held in Prague from November 28th to December 2nd, 1945. 


FARADAY SOCIETY. 


It has been agreed that the Faraday Society should be admitted to the Chemical Council and 
participate in the Joint Subscription arrangements for 1946. Full details will be sent to Fellows. 


ELECTION OF NEW FELLOWS. 
The following 30 candidates were elected Fellows of the Society on December 6th, 1945 : 


Victor John Albericci. James Alexander Henderson. Felix Robert Schepman. 
Charles Dudley Allen. Andrew Hunter. Gordon Scurfield. 

Gerald Oliver Aspinall. Walter Kirkbride. Donald Arthur Sholl. 
pee aa Bernstein. Theodore Roger Ernest Kressman. Feodora Lea Sos. 

Jean Biermans. Hugh Christopher Longuet-Higgins. Alan Scott Taylor. 
William MacRoe Collie. David Huntingford Malan. Cyril James Watson. 
Albert Francis Colson. Nathan Moss. Kenneth Alan Wickham. 
Albert Bertram Curtis. Walter Emile Marie Mund. Thomas Henry Wilson. 
William Macgregor Garvie. Donald Myles. Edgar Woollatt. 

Joseph Ivon Graham. John Charles Patek. Alastair Norman Worden. 


RESEARCH GRANTS. 
The Council has made the following grants from the Research Fund : 


Aberystwyth, University College. 
R. Roberts. “ Investigation of complex compounds with regard to their analytical value ”’ 


Auckland, University College 
R. A. Robinson. “‘ Isopiestic methods of determining the vapour pressure of solutions ”’ 


s 


Bangor, University College. 
I. Dostrovsky. ‘‘ Steric factors in substitution reactions ”’ 





Nottingham, U niversity College. 
. B. D. Shaw. “ Fission products of pyridine bases ”’ 


Southampton, University College. 
I. G.M. Campbell. “ Stereochemistry of hetenecyctie irene compounds ”’ 
M. Elliott. ‘Synthesis of pyrethrins”’ ... an - i aes oo" 
S. H. 9 “‘ Synthesis of pyrethrins ”’ 
H. W. B. Reed. “‘ Synthesis of pyrethrins ”’ 


* 


Swansea, University College. 


N. H. Hartshorne. “‘ Kinetics of polymorphic change ”’ 
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AL REPORTS ON THE PROGRESS OF CHEMISTRY, 1944. 


It is regretted that owing to the present paper situation it has not been possible to circulate at the 
ame time copies of the Annual Reports for 1944 to all Fellows who receive them. All outstanding 
opies will be sent as soon as possible. ‘ 


) PUBLICATIONS OF THE AMERICAN CHEMICAL SOCIETY. 


Price to 
; Public. _ Postage. 
1) Journal of the American Chemical Society ahs eis nan me ... $8.50 
2) Chemical Abstracts ... rf ‘a 
3) Industrial and Engineering Chemistry : 


(a) Industrial Edition (monthly) and Analytical Edition (monthly), sold 


only asaunit.... ures abe dee bis ... $4.00 
(6) Chemical and Engineering News (semi-monthly) =e ibe ..- $2.00 
(a) and (b) together und ve is “an nd rae bed ... $6.00 


A discount of 10 per cent. is allowed on (1) and (2) when sent to same address and ordered at 
the same time. No discount on (3). 

A special discount of 10 per cent. off all the above prices (exclusive of postage) is allowed to 
Fellows of the Chemical Society who are not Members of the American Chemical Society. 

Fellows residing in Canada pay one-third postage rates and for those residing in countries in 
the Pan-American Union and Spain there is no charge for postage. 

Application should be made direct to the Secretary, American Chemical Society, 1155, Sixteenth 
Street, N.W., Washington, D.C., U.S.A. 

hemical Reviews (bi-monthly, 2 vols. per year) ape a6 noel a a 


Application should be made to the Williams and Wilkins Company, Mount Royal and Guilford 
Avenues, Baltimore, Md., U.S.A. . 


NoTE.—Permission to remit money abroad must be obtained through a Bank. 


The American Chemical Society is prepared to accept new subscriptions for a limited period. 


BRITISH STANDARD SPECIFICATION. 
The following draft has been received for technical comment : 


CH (C) 2193. Third draft of Specification for One-mark Bulb Pipettes. 


This has been placed in the Library and Fellows wishing to make technical comment are requested 
to do so before February llth, 1946, to the British Standards Institution, 28, Victoria Street, 
estminster, S.W. 1. 


PAPER ON GERMAN RESEARCH WORK. 


A paper entitled “‘ Advances in Acetylene Chemistry at the Ludwigshafen Works of the I.G. 
Farbenindustrie A.G.”’ has been received from the Control Office for Germany and Austria. Copies 
have been placed in the Library and may be examined, or borrowed, on application to the Librarian. 


MEETINGS OUTSIDE LONDON. 
EDINBURGH. 


“The Structure and Chemistry of Metallic Crystals,” by Professor G. D. Preston, M.A., F.Inst.P. 


A joint meeting of the Chemical Society, the Edinburgh University Chemical Society, Royal Institute 
of Chemistry and Society of Chemical Industry was held on November 27th at 7 p.m. in the University, 
with Miss J. L. Rayment in the Chair. In his lecture Professor G. D. Preston referred to the types of 
crystals in alloys, the Hume-Rothery Rule, and its applications, etc. Mr. Wilson and Mr. McKail 


participated in the discussion and a hearty vote of thanks proposed by Mr. Winning was carried 
thusiastically. 
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EXETER. ; 
“The Physical Chemistry of Powders and Fine-structured Solids,’ by Dr. D. H. Bangham, M.C., yj 

At the meeting held on November 30th the lecturer referred to the great importance of surf (Fe 
forces in practical fields such as adhesion, lubrication, sintering, flotation, and bulk density of {gym 2” - 


powders, and pointed to the wide divergence between existing theory and practice. Many of ¢, : <i 


properties of fine powders such as sintering probably result from the interplay of surface and elasig™m *Adam 


forces of the particles; the surface forces bring about deformation of the particles at the points, aes 
contact—an essentially irreversible effect. Changes of state in the adsorbed: films on solids m y ar 
underlie many of the puzzling effects encountered in the study of adhesion, etc. ® :Banni 
. fo 

A 

LEEDS. ‘ {Barns 
Tilden Lecture, ‘‘ Substitution,’ by Professor E. D. Hughes, D.Sc., F.R.I.C. ' Pe, 
A meeting of local Fellows was held on November 26th in the Chemistry Department, University, C 


Leeds, Professor F. Challenger being in the Chair. At the conclusion of the lecture Professor Hugh {Beect 
replied to questions put by Professor M. G. Evans and Dr. A. G. Evans. A vote of thanks propos 


B 
by Dr. J. W. Baker and seconded by Dr. P. D. Ritchie was carried with acclamation. ' rs 
*Buck 
MANCHESTER. setts 
A meeting under the Chairmanship of Dr. F. S. Spring for the reading of the following original papey ~ 
was held on November 16th in the Chemistry Lecture Theatre of Manchester University : +Calds 
(a) ‘‘ The Heats of Polymerisation of Acrylic Acid, Methacrylic Acid, and Methyl Methacrylate,” : 
by A. G. Evans and E. Tyrrall. : *Carte 
(6) ‘‘ Some Reactions in the Sulphanilamide Series.”’ (i) ‘‘ Guanidine Derivatives,’ by S. Birtwel C 
E. Haworth, F. L. Rose, G. Swain, and C. H. Vasey. (ii) “‘ Pyrimidine Derivatives,” by E 
F. L. Rose and G. Swain. — 
(c) ‘‘ New Methods for End-group Determination in Polysaccharides,’ by F. Brown, Miss S. S 
Dunstan, T. G. Halsall, E. L. Hirst, and J. K. N. Jones. Cherr: 














NORTH WALES. aoe. 
“Colchicine: its Chemistry and some Biological Effects,’ by Professor J. W. Cook, D.Sc., F.R.S. 
A joint meeting with the College Chemical Society was~held in Bangor on November 22nd, anim Cobb, 
Mr. Colin Eaborn was in the Chair. Professor Cook, after dealing with the use of Colchicine in the o saa 
treatment of gout, its properties as a miotic poison and its applications in plant breeding, described 
degradative and synthetic experiments on its chemical structure. A vote of thanks proposed by } 
Professor E. D. Hughes and seconded by Mr. Neville Thomas, was carried with acclamation. *Dun 
NOTTINGHAM. at 
“Some Problems in the Chemistry of the Polysaccharides,’ by Professor E. L. Hirst, D.Sc., F.R.S. (Om 
A meeting was held on November 2nd at University College, Professor J. Masson Gulland, D.Sc, ey 
F.R.S., being in the Chair. Professor Hirst described the various methods by which the structure of +Fos 
the polysaccharides has been investigated, and discussed, in the light of results obtained by thes : 
methods, the structure of cellulose, starch, and the plant gums. After an interesting discussion, : 
Dr. B. D. Shaw thanked Professor Hirst for his lecture. Fra 
“ Structural Inorganic Chemistry,’’ by Professor W. Wardlaw,.D.Sc., F.R.I.C. has 
A joint meeting with University College Physical and Chemical Society was held on November 290thme  *Gar 
at University College, Dr. E. B. R. Prideaux occupying the Chair. Professor Wardlaw reviewed the 
application of physical methods to the elucidation of the structure of inorganic compounds and showed gin, 
how the results which have been obtained are putting inorganic chemistry on a much more fundamental 
basis than hitherto. A vote of thanks to Professor Wardlaw, proposed by Dr. D. O. Jordan, wa ew 
carried with enthusiasm. = 
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LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lgdge objections to the election of these candidates should communicate with the Honorary Secretaries 
before January 31st, 1946. Such objections will be treated as confidential. The forms of application are displayed in the 
Library.) 


*Adams, Margaret Mary. British. 80, Dukes Avenue, Chiswick, W.4. Student at University College, Southampton, 
for B.Sc. Special Chemistry (London) degree. Signed by : S. H. Harper, H. W. B. Reed, Ishbel G. M. Campbell. 

tAlbon, Norman,.B.Sc. (Lond.), A.R.I.C. British. 30, Salmons Road, Edmonton, N.9. Research Chemist, Tate 
and Lyle, Ltd. Signed by : Lawrence S. Bull, H. C. S. de Whalley, J. Barrett. 

tBannister, Sydney Hubert, B.Sc.Hons. and M.Sc. (Leeds). British. The Haven, Whittlesford. Production Manager 
for synthetic resins, Aero Research, Ltd., Duxford. Signed by : Frederick M. Rowe, Edward Race, John Rogers, 
Arnold T. Peters. 

tBarnard, Harold Randall, B.Sc. (Lond.). British. 18, Berkeley Street, W.1. Chemist in charge of Manufacturing 
Laboratory producing fine chemicals. Signed by : R. H. Snoad, E. D. Yardley, E. J. Chappel. 

+Bassett, Edward Arthur, B.Sc. (Lond.), A.R.I.C. British. 91, Ashridge Crescent, Shooters Hill, S.E.18. Research 
Chemist. Signed by : H. G. Emblem, Bruno Gluck, Denis E. B. Greensmith. 

+Beeching, Ethel Irene, M.Sc. (Lond.), A.R.I.C. British. 16, Chalvey Park, Slough. Chief Chemist, Mars 
Confections, Ltd., Slough. Signed by : Alex. Findlay, R. Leslie Collett, H. J. T. Ellingham. 

‘Bramley, Donald, B.Sc.Hons. (Lond.), A.R.I.C. British. c/o British Nylon Spinners, Ltd., 72, Lockhurst Lane, 
Coventry. Research Chemist. Signed by : A. R. Munden, D. A. J. Noble, Ernest E. Tallis. 

*Buckle, Arnold Leslie John. British. Cilestyn, Aysgarth Avenue, Liverpool, 12. Final year honours student of 
Organic Chemistry. Signed by : A. McGookin, William Doran, Francis W. Kay. 

tButtrey, Douglas Norton, M.Sc. (Lond.), A.R.I.C., A.R.T.C.S. British. Riven, Goose Green, Hoddesdon, Herts. 
Research Chemist, Catalin, Ltd., Farm Hill Road, Waltham Abbey. Signed by : George Bell, G. Swann, 
R. S. Colborne. 

+Caldwell, Albert Gordon, B.Sc.Hons. (Lond.), A.R.C.S., D.IC.; Ph.D. thesis submitted. British. 3, Queens Gate 
Terrace, S.W.7. Organic Research Chemist, at the Wellcome Chemical Research Laboratories (Wellcome 
Foundation, Ltd.), Langley Court, Beckenham. Signed by : E. R. H. Jones, L. N. Owen, R. M. Anker. 

*(arter, John Russell. British. Illston, Roseland Gardens, Highfield, Southampton. Student (Finals B.Sc. 
Chemistry) at University College, Southampton. Signed by : S. H. Harper, N. K. Adam, Ishbel G. M. Campbell, 
H. W. B. Reed. 

Cave-Browne-Cave, John Evelyn. Preliminary Exam. in Natural Sciences. British. Bassett Mount, Beechmount 
Road, Bassett, Southampton. Student for Natural Sciences Tripos Part II (Chemistry), Cambridge University. 
Signed by : F. G. Mann, D. R. Lyon, B. A. Kilby. 

Cherry, George William, M.A., B.Sc. (Oxon). British. 24, Alsager Avenue, Rushenden, Queenborough. Science 
Master, Sheerness County Day Technical School and Technical Institute. Signed by : G. D. Parkes, Harry Irving, 
T. Harrington. 

*Clark, Victor Malcolm. ist Class Honours, Natural Sciences Tripos Part I. English. 78, Millfield Road, Ilkeston. 
Undergraduate reading Part II of Natural Sciences Tripos in Chemistry at Cambridge University. Signed by: F. G. 
Mann, B. Lythgoe, B. A. Kilby. 

Cobb, Raymond, B.Sc. (Lond.). British. 42, Harcourt Street, Newark. Works Chemist. Signed by : D. O. Jordan, 
John C. Roberts, J. Masson Gulland. 

Dakin, Geoffrey William, M.A. (Cantab.), M.R.S.T. British. Oakwell, 109, Draycott Avenue, Kenton, Harrow. 
Teacher of Chemistry, Kilburn Grammar School, N.W.6. Signed by : Hamilton McCombie, H. G. Cook, F. G. 
Mann. 

‘Dunn, Henry Conrad, B.Sc.Hons. (L’pool). British. 67, July. Road, Liverpool, 6. Student. Signed by: A. 
McGookin, William Doran, Francis W. Kay. 

Edeleanu, Constantin. Part I Natural Sciences Tripos. Rumanian. Flat 3, 30, Canfield Gardens, N.W.6. Student 
reading for Part II Chemistry at Cambridge University. Signed by : F. G. Mann, J. Baddiley, D. R. Lyon. 
(b)Eve, David George Malcolm, B.Sc.Hons. (Lond.), A.R.I.C. British. 12, Grosvenor Gardens, Upminster. Analytical 

Chemist. Signed by : N. L. Anfilogoff, J. R. Partington, H. D. K. Drew. 

tFarquhar, Hugh McNair, B.Sc. (Glas.), A.R.I.C. Scottish. c/o Mrs. Orbell, 9, Drake Street, Lincoln. Research 
Chemist of Messrs. Fisons, Ltd., Harvest House, Lincoln. Signed by : C. B. Bolland, T. P. Dee, W. M. Cumming. 

tFoss, Maurice Ernest, B.Sc.Hons. (Bristol), A.R.I.C. British. Chemistry Department, Guy’s Hospital Medical 
School, London Bridge, S.E.1. Demonstrator in Chemistry, Guy’s Hospital Medical School. Signed by : Charles 
S. Gibson, E. L. Hirst, J. K. N. Jones, R. V. G. Ewens, F. H. Brain. 

tFrapwell, Stanley Arthur, B.Sc. (Lond.), A.R.I.C. British) 11, The Lawns, Hatch End. Chemist, Air Control 
Installations, Ltd., Victoria Road, Ruislip. Signed by : W. H. J. Vernon, Frank Wormwell, N. E. Topp. 

*Frenkel, Helen. Part I, Natural Sciences Tripos. British. 4b, Lyndhurst Gardens, N.W.3. Student at Cambridge, 
reading for Part II of Natural Sciences Tripos. Signed by : F. G. Mann, D. R. Lyon, B. A. Kilby. 

*Gammon, Robert Howard. London Higher School Certificate with Inter. B.Sc. British. 2, Fernlea Gardens, Bassett, 
Southampton. Student for B.Sc. University College, Southampton. Signed by : S. H. Harper, H. W. B. Reed, 
Ishbel G. M. Campbell. 

tGibson, Neville Allan, M.Sc. (Sydney). British. 217, Parramatta Road, Haberfield, Sydney, N.S.W., Australia. 
Assistant Research Officer, Council for Scientific and Industrial Research (Division of Industrial Chemistry). 
Signed by : Thomas Iredale, D. J. Brown, R. J. Meakins. 

tGlover, Geoffrey Frederick, B.Sc. (Lond.). British. Thanet, Studley Green, Nr. Stokenchurch. Research Chemist. 

_ Signed by : Herbert F. Rance, J. Stewart Cook, Thomas McLachlan. 

George Victor Hancock, London Matriculation, Inter. B.Sc. British. Connaught Hall, Swaythling, 
Southampton. Student at University College, Southampton, reading for special Chemistry B.Sc. degree. Signed 
by : S. H. Harper, H. W. B. Reed, Ishbel G. M. Campbells 
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(a)Gruschka, John, B.Sc.Tech.Hons. (Manc.). Czechoslovakian. Shenstone House, Upper Park Road, Salford, 7, 
Works Chemist, British Oil and Cake Mills, Ltd., Trafford Park, Manchester. Signed by :. A. Burawoy, R. F. 
Garwood, F. H. Montgomery. 

*Gunn, Eric Joseph. Matriculation. British. 88, Tosson Terrace, Heaton, Newcastle-on-Tyne, 6. Reading for 
External B.Pharm. degree (London). Signed by : W.S. Patterson, R. Bell, J. H. Wilkinson. 

*Hall, Frank, B.Sc.Hons. (Lond.). British. 8, Westgate, Almondbury, Huddersfield. Research Student, Organic 
Chemistry (Queen Mary College). Signed by : H. D. K. Drew, D. C. Jones, B. E. Cross. 

*Harrold, Shirley Phillimore, }nter. B.Sc. (Lond.). British. New College, Oxford. Student reading for Honoury 
School of Chemistry, Oxford University. Signed by : C. N. Hinshelwood, N. V. Sidgwick, R. Robinson. 

Herzka, Alfred, Inter. B.Sc. (Iond.). Austrian. Flat A, 154, Highbury New Park, N.5. Student for B.Sc. Special 
Chemistry. Signed by : 1). H. Richardson, R. W. West, Jonas Bondi. 

(b)Hill, Kenneth John. British. West Brimley House, Higher Brimley, Teignmouth. Student at University College 
Exeter, for Special B.Sc. (Chemistry), London. Signed by : H. T. S. Britton, S. J. Gregg, R. King. 

*Hine, Alan Rowland, Inter.B.Sc. British. Windmill House, Backley, New Milton. Studying for B.Sc. Special 
Degree in Chemistry at University College, Southampton. Signed by : S. H. Harper, H. W. B. Reed, Ishbel G. M, 
Campbell. 

Hodge, Henry Allen. British. Hynings, Bow Green Road, Bowdon. Technical Representative, Chemist and 
Engineer, The Feedwater Specialists Co. (Liverpool Borax Co., Ltd.), Hydrological Chemists, Steam Boiler 
Consultants, St. Pauls Square, Liverpool, 3. Signed by : W. Murray, J. S. Merry, W. M. Robertson. 

tJenkinson, George Robert, A.R.I.C. British. 57, Exeter Grove, Hull. Chemist in charge of the acetic acid section 
of the British Industrial Solvents, Ltd., at their Saltend Works near Hull. Signed by : A. P. Backshell, E. E, 
Connolly, R. H. Williams. 

tJones, Geoffrey Kempson, A.R.I.C. British. 28, St. Margaret’s Court, The Barons, East Twickenham. Assistant 
Chemist, Messrs. William R. Warner & Co., Ltd., Power Road, Chiswick, W.4. Signed by : R. W. Hodgkinson, 
H. Wells, Maurice H. Pearson. : 

*Jones, Shirley Wickham. Natural Sciences Tripos Part I. British. 9, Whitworth Road, South Norwood, S.E. 2), 
Student reading for Part II Natural Sciences Tripos in Chemistry, Cambridge University. Signed by : F. G. Mann, 
D. R. Lyon, B. Lythgoe. 

*Kidd, Denis Alfred Alexander. British. 37, The Drive, Bexley. Student reading for B.A.Hons. in Chemistry at 
Oxford University. Signed by : Ronald P. Bell, J. W. Linnett, T. W. J. Taylor. 

tLewis, Douglas Stanley, B.Sc.Hons. (Wales), A.R.I.C. Welsh. 189, Broadway, Peterborough. Technical Advisory 
Officer and Deputy Executive Officer to Soke of Peterborough War Agricultural Executive Committee. Signed by: 
John Bryn Lewis, F. Schofield, T. Campbell James. 

*Littlewood, Anthony Duncan, B.Sc.Hons. (Lond.). English. 9, Fenstanton Avenue, North Finchley, N.12. Research 
Student at Queen Mary College. Signed by : J. R. Partington, D. C. Jones, B. E. Cross. 

Maccoll, Allan, M.Sc. (Sydney). British. Sir William Ramsay and Ralph Forster Laboratories, University College, 
Gower Street, W.C.1. I.C.I. Fellowship, University of London. Signed by: C. K. Ingold, J. N. E. Day, 
S. Sugden. 

(a)McIsaac, William Mallinson, Inter. B.Sc. (Lond.). British. 98, Holwell Road, Welwyn Garden City. Analytical 
Chemist for Roche Products, Ltd. Second year final B.Sc. student (part-time) Northern-Polytechnic. Signed by: 
W. Gerrard, F. P. Handisyde, N. C. Hindley. 

Meadows, Geoffrey Walsh, M.Sc. (Manc:). British. 20, Vernon Street, Bury. Assistant Lecturer in Chemistry at the 
University of Manchester. Signed by : A. E. Gillam, Dennis Holden, A. G. Evans. 

Munro, John, B.Sc. and Ph.D. (Edin.). British. 85, Meal »wfoot Road, West Kilbride. Research Chemist. Signed 
by : E. G. V. Percival, Neil Campbell, Christina C. Miller. 

*Murfitt, Kenneth Cecil. British. 56, Carisbrook Close, Enfield. Student for B.Sc. Special Chemistry at University 
College, Southampton. Signed by : S. H. Harper, H. W. B. Reed, Ishbel G. M. Campbell. 

tOglethorpe, Charles Christopher, B.Sc. (Lond.), A.R.I.C. British. 40, Harwood Avenue, Hornchurch. Research 
Chemist, Ship Carbon Co. of Gt. Britain, Ltd., Grove Road, Chadwell Heath. Signed by : G. W. Whitfield, R. W. 
West, H. J. S. King. 

*Palmer, Jean Margaret. British. 12, Burgess Road, Bassett, Southampton. B.Sc. Special Chemistry Student at 
University College, Southampton. Signed by : S. H. Harper, H. W. B. Reed, Ishbel G. M. Campbell. 

tParsons, George Frederick Perry, B.A.Hons. (Oxon.). British. 31, Malden Road, Watford. Technical Chemist, 
Alfloc Water Treatment Service. Signed by : N. V. Sidgwick, L. E. Sutton, J. B. Lewis. 

;Raine, Alfred Holgate, B.Sc. (Leeds). British. 2, Wynford Mount, Leeds, 6. Chemist, Research Department, 
ae & Co., Ltd., City Chambers, Leeds, 1. Signed by : R. Lessing, Robt. G. W. Eadie, W. Cule 

avies. 

tRaistrick, Bernard, B.Sc. and Ph.D. (Lond.), A.R.I.C. British. 64, Wolverhampton Road South, Harborne, 
Birmingham, 32. Research Chemist. Signed by : C. K. Foster, H. Coates, K. E. Weale. 

*Rosenfelder, Walter Jacob. Formerly German. Trinity College, Cambridge. Student for Natural Science Tripos 
Part II (Chemistry). Signed by : F. G. Mann, D. R. Lyon, J. Baddiley. 

(a)Rowe, David John Michel. Inter.B.Sc. British. 42, Hill Barton Road, Exeter. Student, University College, 

. Exeter. Signed by : H. T. S. Britton, S. J. Gregg, R. King. 

Roy, Alexander Bilton. Scottish. 293, Lanark Road, Kingsknowe, Edinburgh, 11. Chemistry Student, third year, 
Edinburgh University. Signed by : Neil Campbell, E. G. V. Percival, Christina C. Miller. 

*Rutherford, Olga. Natural Sciences Tripos Part I. British. 19, Thorneyburn Avenue, South Wellfields, Shiremoor. 
Student reading Part II (Chemistry) of the Natural Sciences Tripos, Cambridge University. Signed by : F. ©. 
Mann, D. R. Lyon, M. L. Tomlinson. ' 

Santi, Aldo, B.Sc.Hons. (Glas.), unclassed due to being called away for War Service. British. 193, Main Street, 
Larbert. Assistant Chemist. Signed by : S. Horwood Tucker, J. W. Cook, C. Buchanan. 

*Sharpe, Alan George, B.A. (Cantab.). British. Jesus College, Cambridge. Student (returned to Cambridge from 


1. Beak - Supply to sit for Part II Natural Sciences Tripos in Chemistry). Signed by : F. G. Mann, F. G. Lyon, 
2 ey. 
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‘Southam, William Dring, B.Sc. (Sydney). British. 61, Amherst Street, North Sydney, N.S.W. Industrial Chemist 
at Communication Engineering Pty., Ltd., 55, Carter Street, Cammerary; N.S.W. Signed by : J. C. Earl, Thomas 
Iredale, D. J. Brown. 

*Sparks, Anthony, Inter.B.Sc. British. Connaught Hall, Wessex Lane, Swaythling, Southampton. Student at 
University College, Southampton, reading for B.Sc. Special Chemistry. Signed by : S. H. Harper, H. W. B. Reed, 
Ishbel G. M. Campbell. 

(b)Thain, Eric Malcolm, B.Sc. (Lond.). British. Algoma, Worrin Road, Shenfield. Analytical Chemist at Messrs. 
Parry & Ferguson, 15, Borough High Street,S.E.1. Signed by : J. Kenyon, George W. Ferguson, A. M. Taylor. 

*Thomas, Reginald William. London Higher School Certificate. British. 198, High Street, Lewes. Student for B.Sc. 
Special Chemistry at University College, Southampton. Signed by : S. H. Harper, H. W. B. Reed, Ishbel G. M. 
Campbell. 

Tweddell, George Henry, B.Sc. (Lond.). English. Fairholme, Church Road, Warlingham. Lecturer in Chemistry, 
Croydon Polytechnic. Signed by : A. Harvey, J. Kenyon, J. W. Smith. 

Uri, Norbert, M.Sc. and Ph.D. (Hebrew University, Jerusalem). Palestinian. c/o Halaby, Nahlat Ahim, Jerusalem. 
Junior Assistant, Department of Inorganic and Analytical Chemistry, The Hebrew University, Jerusalem. Signed 
by : H. J. G. Hayman, L. Haskelberg, Harold Davies. ‘ 

+Wade, Arthur Philip, B.Sc. (L’pool), A.R.I.C. British. 7, Fairfield Avenue, Hendon, N.W.4. Biochemist, The 
British Drug Houses, Ltd., Graham Street, City Road, N.1. Signed by: T. F. Dixon, P. G. Marshall, E. J. 
Chappel. 

“Wallwork, Stephen Collier. British. Lynwood, Richmond Street, Ashton-under-Lyne. Student reading for 
B.A.Hons. Chemistry at Oxford. Signed by : Ronald P. Bell, J. W. Linnett, R. Hulme. 

Warren, Norman Frank, Inter.B.Sc. (Lond.). British. 2, Wallace Avenue, Prittlewell, mr. Westcliff-on-Sea. 
Biochemist, Biochemical Department, The British Drug Houses, Ltd., Graham Street, City Road, N.1. Signed 
by : P. G. Marshall, H. L. Peerman, O. Stephenson. 

tWatson, Gerald Hugh, B.Sc. and Ph.D. (Lond.), A.R.C.S., D.I.C. British. 271, Court Road, Mottingham, S.E. 9. 
Research Chemist, South Metropolitan Gas Company, S.E.15. Signed by: E. A. Jenkinson, J. R. Dewhurst, 
H. Stanier. . 

+Williams, Norman Edgar, B.Sc.Hons. and Ph.D. (Lond.), A.R.I.C. British. 29, Queensbury Avenue, Bromborough. 
Research Chemist. Signed by : Alan D. Scott, R. F. Hunter, G. P. Gibson. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 

tAddinall, Carl Rupert, B.Sc., M.A., and Ph.D. (Harvard). English. Merck & Co., Inc., Rahway, New Jersey. 
Director of Technical Information, Merck & Co., Inc. Signed by : Joseph Rosin. 

tAhad, Abdul, M.Sc. and Ph.D. (Punjab). Indian. Fazli-Omar Research Institute, Qadian, Punjab. Director of 
Research, Professor of Chemistry and Head of Science Department, T.I. College, Qadian. Signed by: S. S. 
Bhatnagar. 

Blumenthal, Armin, Ph.C. (Frankfurt-on-Main). German refugee. P.O. Box 9268, Johannesburg, S. Africa. South 
African Druggists, Ltd., Johannesburg. Signed by : John Christie. 

Fulmer, Jervis Moisson, B.S. (Washington), M.S. (Minnesota), Ph.D. (Colorado). U.S.A. 612, Highwood Avenue, 
Greencastle, Indiana, U.S.A. Professor of Chemistry, Head of Chemistry Department. Signed by: Jesse L. 
Riebsomer. 

tGivaudan, Andre, Ing.Chem. French.’ c/o L. Givaudan & Cie, Vernier, Genevre. Manager. Signed by: J. L. 
Simonsen. : 

(a)Moyade, Hemant Kumar, M.Sc. (Agra), B.Sc. (Benares). Indian. Mandleshwar, Holkar State,C.I. India. Student 
in final M.Sc.Tech. with Industrial Chemistry at College of Technology, Benares Hindu University. Signed by : 
S. S. Bhatnagar. 

tRajagopalan, Srinivasa, D.Sc. (Madras), A.I.I.Sc., A.R.I.C.- British Indian. Jaya, Greenways Road, Adyar P.O., 
Madras. Research Chemist, Indian Research Fund Association of the Medical Research Department, Government 
of India. Signed by : T. R. Seshadri, B. B. Dey. 

Suter, Chester Merle, A.B. (Southwestern College), M.S. and Ph.D. (Kansas), Metz Fellow, Yale University (1927—28). 
American. 32, Tudor Road, Albany 3, New York. Director of Chemical Research for Winthrop Chemical Co., 
Inc., Rensselaer, New York. Signed by : Johannes S. Buck. 

{Vagtborg, Harold, B.S. (Illinois), M.S. (Armour Institute of Technology). American. 4049, Pennsylvania Avenue, 
Kansas City 2, Missouri. President and Director of Midwest Research Institute, U.S.A. Signed by : Foster Dee 
Snell, Ralph L. Evans. 


* Reduced annual subscription. (a) Junior Membership two-body. 
+ Three-body. (b) Junior Membership three-body. 
{ Two-body. 





PAPERS RECEIVED 


List of papers received between November Ist and December 6th, 1945. (This list includes a number 
of papers submitted during the war and for which permission to publish has now been granted. It does 


not include the titles of papers which have been read at a Scientific Meeting or which have appeared in 
the J ournal.) ’ 


y Equilibria in ternary systems containing oxalates.’’ By L. M. Hiit, T. P. GouLpen, and E. Hatton. 
The oxidation of diphenylamine and of its N-derivatives. Part I. Oxidation of >N-CH,R to 
>N:CO-R.” By J. Forrest, D. A. LIDDELL, and S.. H. TucKER. 





84 


“Chemical investigations of the insecticide ‘DDT’ and its analogues. Part II. Symmetrica| 
analogues.’’ By O. STEPHENSON and W. A. WATERS. 

“‘ The diethylaminoalkylation of 9-amino-f-phenanthroline.’”’ By R. G. JAcomB and W. O. KERMAck 

“‘ Synthetic antimalarials. Part I. Some derivatives of arylamino and aryl substituted pyrimidines,” 
By F. H. S. Curp and F. L. Rose. 

“‘ Synthetic antimalarials. Part II. 2-Substituted anilino-4-basic alkylamino-6-methyl pyrimidines,” 
By F. H. S. Curp, (Miss) M. I. Davis, and F. L. Rose. 

“Synthetic antimalarials. Part III. Some derivatives of mono- and di-alkylpyrimidines.”” By R., 
HULL, (Miss) B. J. Lovett, H. T. OPENsHAw, L. C. PAYMAN, and A. R. Topp. 

“‘ Synthetic antimalarials. Part IV. 2-Phenylguanidino-4-basicalkylamino-6-methylpyrimidines.”’ By 
F. H. S. Curp and F. L. Rose. 

“Synthetic antimalarials. Part V. 2-Naphthylamino-4-basicalkylamino-6-methylpyrimidines.” By 
F. H. S. Curp, C. G. Ratson, and F. L. Rose. 

“ Synthetic antimalarials. Part VI. Some 4-arylamino-2-basic alkylamino-6-methylpyrimidines.”’ By 
F. H. S. Curp, (Miss) M. I. Davis, E. C. Owen, F. L. Ross, and G. A. P. Tuy. 

“Synthetic antimalarials. Part VII. 2-Arylamino-4-dialkylamino alkylamino pyrimidines. Variation 
of substituents in the 5- and 6-positions.’’ “By F. H. S. Curp, (Miss) D. N. RIcHARDsON, and 
F. L. Rose. 

“The sydnones. A new class of compounds containing two adjacent nitrogen atoms.”’ By R. A. Eapr 
and_J. C. Ear. 

“ Note on the preparation of halogenated methoxy benzaldehyde and demethylation of the corresponding 
benzil derivatives.’’ By H. SHAprRo and K. A. SMITH. . 

“‘ Synthesis of acridines. Part I.’”’” By A. A. GOLDBERG and W. KELLy. 

“ Trityl derivatives of y-xylose.”” By R. J. McItroy. 

““ New syntheses of heterocyclic compounds. Part V. The Schmidt rearrangement of 1 : 3-dimethyl- 
2-azafluorenone.”’ By V. A. PETROW. 

“ The chloroacetylation of guaiacol.’”” By A. A. GoLDBERG and H. S. TuRNER. 

““ New potential chemotherapeutic agents. Part IV. Derivatives of benziminazole.’’ By F. E. Kuve, 
R. J. S. BEER, and S. G. WALEY. 

“ Amidines. Part I. Preparation of amidines from nitriles.” By P. OxLEy and W. F. Snort. 

“The preparation of styrene chlorhydrin.””’ By W. E. Hansy and H.-N. Rypon. 

““ Stereochemistry of the benzidine transformation.”’ By D. Ll. Hammick and S. F. Mason. 

“ The kinetics of anionotropic rearrangement. Part V. Oxotropic formation of the styrene system.” 
By E. A. BraupE, E. R. H. Jones, and E. S. STERN. 

“The determination of ‘ active’ hydrogen.”” By E. A. BRAuDE and E. S. STERN. 

“ The reactivity of y-pyrone quaternary salts.” By R. M. ANKER and A. H. Cook. 

“Attempts to find new antimalarials. Part XXIII. Derivatives of 3: 4:2’ : 3’-pyridoacridine and 
1 : 2: 2’ : 3’-pyridoacridine.’”’ By J. DoBson and W.'O. KERMACK. 

“The. anhydrides of hexahydric alcohols. Part II. Derivatives of 1 : 2-5: 6-dianhydro mannitol.” 
By L. F. Wicerns. 

“The anhydrides of hexahydric alcohols. Part III. Derivatives of 5:6-anhydro mannitol and 
sorbitol.”” By L. F. Wiccrns. 

“The anhydrides of hexahydric alcohols. Part IV. The constitution of dianhydro sorbitol.’ By 
R. MonTGOMERY and L. F. Wiccins. 

“The anhydrides of hexahydric alcohols. Part V. 2: 5-Diamino 1 : 4-3: 6-dianhydro mannitol and 
sorbitol and their sulphanilamide derivatives.” By R. MontcomEry and L. F. Wiccins. 

“ Some derivatives of simple carbohydrates containing unsaturated substituents.’’ By W. N. Haworti, 
(Mrs.) H. GreGcory, and L. F. Wicerns. " 
“The synthesis of antimalarial compounds related to niquidine. Part I. Model experiments on the 

synthesis of quinolyl carbinols.’”’ By T. S. Work. 
“ The self-diffusion of lead in lead sulphide.’’ By J. S. ANDERSON and J. R. RIcHArRDs. 
“The micro cell for polarography and amperometric titration.’’ By J. T. Stock. 
‘“ The synthesis of «-amino-acids. Part II. dl-Cysteine and dl-cystine.’’ By E. Boorn, V. ©. E. 
Burnop, W. E. Jones, and R. C. G. MoGGRIDGE. 
‘“ Chloromethylation of 1- and 2-chloronaphthalene.” By D. H. S. Horn and F. L. WARREN. 2 
os * preparation of an active absorbent of hydrogen sulphide from waste oxide of iron.’’ By H. Kk. 
HALLEY. 


“The properties of freshly formed surfaces. Part VI. The influence of temperature and concentration 
on the dynamic and static surface tensions of aqueous decoic acid solutions.” By C. C. ADDISON. 
“ The structure of pyrethrolone and related compounds. Part V.”’ By T. F. West. 





85 


Absorption spectra of acridines. Part IV. Steric interference with ionisation.” By D. P. Craic. 

Acid catalysis in the formation of chloroamides from hypochlorous acid. N-Chlorination by hypo- 
chlorite ions and by acyl hypochlorites.’”’ By (Miss) R. P. MAuGER and F. G. Soper. 

Physical and chemical properties of organo-metallic compounds. Part I. The vapour pressures and 
freezing points of simple metal alkyls of groups II, III, and V.”. By C. H. Bamrorp, D. L. Lev1, 
and D. M. Newitt. . 


Physical and chemical properties of organo-metallic compounds. Part II. The oxidation of zinc 
alkyls.”’ By C. H. Bamrorp and D. M. Newitt. 


Physical and chemical properties of organo-metallic compounds. Part III. The oxidation of boron 
and antimony alkyls.’’ By C. H. Bamrorp and D. M. Newtrr. 

Amorphous carbon.’’ By J. Gipson, M. HoLonan, and H. L. RILEy. 

Studies in the polyene series. Part XXIII. Condensation of the C,, aldehyde [3-(2’ : 6’ : 6’-tri- 
methyleyclohexenyl)-1-methyl-crotonaldehyde] with 1-hexyne and 2-methoxyhex-3-on-5-yne.” By 
J. CymERMAN, I. M. Hersron, E. R. H. Jones, and R. N. Lacey. 

The preparation and bacteriostatic properties of some amines derived from citral.’”’ By A. G. CALDWELL 
and E. R. H. JONgEs. 

Reduction by dissolving metals. Part III.” By A. J. Brrcu. 

The volumetric determination of nitroguanidine.’’ By T. L. CoTTRELi, C. A. MAcINNEs, and E. M. 
PATTERSON. 

Compound related to penicillic acid. Part I. §-Propionylacrylic ester and its formylation product.” 
By J. S. Morratt, G. NEWBERY, and W. WEBSTER. 

The synthesis of analgesic substances.’” By J. A. BARLTROP. 

a sulphanilylguanidine.” By S. Birtwe..t, E. Howartu, F. L. Rose, G. Swatn, and 
C. H. VASEY. 


The synthesis of antimalarial compounds related to niquidine. Part II. Synthesis of a dihydro- 
a-niquidine.” By T. S. Work. 


‘ 





Aberdeen. 


Australia. 
Birmingham. 


Bristol. 


Cambridge. 
Canada. 


Edinburgh. 
Eire. 
Exeter. 
Glasgow. 
India. 


Leeds. 
Liverpool. 


Manchester. 


”” 


Newcastle and Durham. 
New Zealand. 


Northern Ireland. 
North Wales. 


Nottingham. 


Oxford. 


St. Andrews and Dundee. 


Sheffield. 
Southampton. 


REPRESENTATIVES OF THE CHEMICAL SOCIETY 


ie Harold Reade, M.A., M.Sc., Chemistry Department, Marischal College, 


University, Aberdeen. 
T. Iredale, D.Sc., F.R.I.C., The University, Sydney, Australia. 


L. L. Bircumshaw, M.A., D.Sc., Department of Chemistry, The Universi 
Edgbaston, Birmingham, 15. 


C. E. H. Bawn, Ph.D., Chemistry Department, The University, Wood 
Road, Bristol. 


F. S. Dainton, Ph.D., B.A., Sidney Sussex College, Cambridge. 


Professor W. D. McFarlane, M.A., Ph.D., Macdonald College, St. Anne; 
Bellevue, Quebec, Canada. 


E. G. V. Percival, D.Sc., Ph.D., F.R.I.C., Chemistry Department, Kin 
Buildings, West Mains Road, Edinburgh. 


Professor T. S. Wheeler, D.Sc., Ph.D.,; F.R.I.C., Chemical Departmen} 
University College; Upper Merrion Street, Dublin. 


S. J. Gregg, Ph.D., A.R.C.S., A.R.L.C., Department of Chemistry, Washingt 
Singer Laboratories, Prince of Wales’ Road, Exeter. 


James Bell, D.Sc., Ph.D., F.R.I.C., Chemistry Department, The University 
Glasgow, W. 2. 


Sir Shanti S. Bhatnagar, O.B.E., D.Sc., F.R.S., The University, Lahor 
Punjab, India. 

F. R. Goss, D.Sc., Ph.D., F.R.I.C., The University, Leeds, 2. 

A. McGookin, D.Sc., Ph.D., A.R.I.C., Organic Chemistry Department, Th 
University, Liverpool. 


A. E. Gillam, D.Sc., F.R.I.C., Chemistry Department, The University 
Manchester. 


J. C. Withers, Ph.D., A.R.I.C., Shirley Institute, Didsbury, Manchester. 


G. H. Christie, Ph.D., M.Sc., Department of Science, The University, Soutl 
Road, Durham. 


Professor F. G. Soper, D.Sc., Ph.D., F.R.1.C., University of Otago, Dunedis 
New Zealand. 


H. Graham, D.Sc., A.R.I.C., 26, Malone Hill Park, Belfast. 


W. Rogie Angus, M.A., D.Sc., Ph.D., F.R.I.C., Department of Chemistry 
University College of North Wales, Bangor. 


D. O. Jordan, Ph.D., M.Sc., A.R.I.C., University College, University Ps 
Nottingham. 


R. P. Bell, M.A., B.Sc., F.R.S., Balliol College, Oxford. 


J. D. M. Ross, M.B.E., M.A., D.Sc., Chemistry Department, Universit 
College, Dundee. 


Brynmor Jones, B.Sc., Ph.D., Chemistry Department, The University 
Sheffield, 10. 


S. H. Harper, B.Sc., D.Sc., Ph.D., A.R.C.S., D.I.C., University College 
Southampton. 


Professor W. Pugh, Ph.D., B.Sc., F.R.I.C., Chemistry Departmen 
University of Cape Town, Rondebosch, S. Africa. 


Professor J. E. Coates, O.B.E., D.Sc., F.R.I.C., University College, Singlet 
Park, Swansea. 








gletor 


























A. 


i C. C., the properties of freshly formed surfaces. 
Aart BV. The influence of chain length and structure on the 
static and the dynamic surface tensions of aqueous-alcoholic 
solutions. Part V. Velocity—time equation for adsorption 
to dynamic surfaces, 98, 354. ; rh 
Albert, A., and Short, L. N., absorption spectra of acridines. 
Part III. Hydroxyacridines, 760. ‘ 
Anker, R. M., and Cook, A. H., new synthesis of olivetol, 311. 
Anker, R. M., Cook, A. H., and Heilbron, J. M., experiments 
in the piperidine series. Part II., 917. ; 
Ashley, J. N., and Grove, J. F., chemistry of synthetic anti- 
malarials. Part I. 8-Diethylamino-a-methylbutylamino- 
derivatives of pyridine and thiazole, 768. 

Asker, (Miss) W. See Schonberg, 4. ‘ 

Atherton, F. R., Openshaw, H. 7'., and Todd, A. R., studies 
on phosphorylation. Part I. Dibenzyl chlorophosphonate 
as a phosphorylating agent. Part II. Reaction of dialkyl 
phosphites with polyhalogen compounds in presence of bases ; 
a new method for the phosphorylation of amines, 382, 660. 

Atkinson, C. M. See Simpson, J. C. LZ. 

Attenburrow, J., Elks, J., Elliott, D. F., Hems, B. A., Harris, 
J. 0., and Brodrick, C. I., experiments relating to synthesis 
of patulin. Part I. Hydrogenated y-pyrones, 571. 

Awad, W. I. See Schénberg, A. 




























Backeberg, O. G., and Marais, J. L. C., derivatives of 1: 1: 1- 
trichloro-2 : yo > res aS By QIN (DDT), 803. 
Baker, J. W., and Holdsworth, J. B., a-methylene reactivity 
in olefinic systems. Part Il. Reaction between olefins and 
phenyl isocyanate : evidence relating to catalytic action of 

stannic chloride, 724. 

Baker, W., non-benzenoid aromatic hydrocarbons, 258. 

Baker, W., Banks, R., Lyon, D. R., and Mann, F. G., action of 
sodium on o-xylylene dibromide, 27. 

Banks, R. See Baker, W. 

Barber, H. J., and Stickings, C. H., phenanthrene-3 : 6-di- 
amidine, 167. > 

Barclay, (Miss) B. M., and Campbell, V., dehydrogenation of 
tetrahydrocarbazoles by chloranil, 530. 

Barltrop,J..A. See King, F. L. fe are 

Barr, W., and Cook, J. W., synthesis of piperidine derivatives. 
Part I., eae = Gctena et 

Bartindale, G@. W. R. e Powe . M. 

Barton, D. H. R., application of the method of molecular 
rotation differences to steroids. Part I. Naturally occurring 
sterols and their simple derivatives, 813. 

Barton, D. H. R., Linnell, W. H., and Senior, N., 4-(4’-amino- 
benzenesulphonamido)resorcinol 3-benzoate and some re- 
lated compounds, 436. 5. 

Barton, V., Cook, J. W., and Loudon, J. D., colchicine and 
related compounds. Part V. Structure of Windaus’s 
deaminocolchinol methyl ether, 176. : 

Bateman, L., and Jeffrey, G. A., structure of polyisoprenes. 
Part IV. Double bond interaction in certain carbalkoxy- 
substituted 1 : 5-dienes, 211. 

Bateman, L., and Koch, H. P., structure of polyisoprenes. 
Part V. Ultra-violet absorption a of certain carb- 
alkoxy-substituted 1: 5-dienes, and the charge-resonance 
spectra of glutaconic ester enolate ions, 216. 

Baxter, R. A., and Spring, F. S., application of the Hofmann 
reaction to the synthesis of heterocyclic compounds. Part I. 
Synthesis of alloxazine from quinoxaline-2 : 3-dicarboxylic 
acid. Part II. Synthesis of xanthine from glyoxaline- 
4:5-dicarboxyamide and of 9-methylxanthine from 
l-methylglyoxaline-4 : 5-dicarboxyamide, 229, 232. 

Beer, R.J.8. See King, F. E. 

3R 






















































































































INDEX OF AUTHORS, 1945. 





Beilenson, B., Hamer, (Miss) F. M., and Rathbone, R. /., 
thiazinocyanines. Part IV. Simple cyanines containing 
the 2: ry sone en nucleus, 222. 

Bell, D. J., characterisation of 2:6-dimethyl d-galactose, 
692. 

Bennett, G. M., and Grove, J. F., by-products in aromatic 
nitration. Part II. Nitration of diphenyl, quinoline, and 
benzophenone, 378. 

Bergel, /., Cohen, A., and Haworth, J. W., synthetic experi- 
ments in the B group of vitamins. Part I. Riboflavin, 
165. 

Bergmann, M., obituary notice of, 716. 

Besly, D. M. See Goldberg, A. A. 

Beynon, J. H., and Jansen, A. B. A., acylation of 4-hydroxy- 
3-carbethoxy-2-methylthiophen, 600. 

Birch, A. J., reduction by dissolving metals. Part II., 809. 

Birch, A. J., Jaeger, (Mrs.) R., and Robinson, (Sir) R., syn- 
thesis of substances related to the sterols. Part XIV. 
dl-cis-Equilenin, 582. 

Bolland, J. L., and Koch, H. P., course of autoxidation re- 
actions in polyisoprenes and allied compounds. Part IX. 
Primary thermal oxidation product of ethyl linoleate, 445. 

Boon, W. R., action of thionyl chloride on 2 : 4-dimethyl- 
thiazole-5-carboxylic acid, 601. 

Borrows, HL. T., and Hems, B. A., experiments relating to 
synthesis of patulin. Part II. Derivatives of 2 : 3-diketo- 
4-acetyltetrahydrofuran, 577. 

Bourne, £.J., Macey, A., and Peat, S., enzymic synthesis and 
degradation of starch. Part II. Amylolytic function of the 
Q-enzyme of the potato, 882. . 

Bourne, Z. J., and Peat, S., enzymic synthesis and degrad- 
ation of starch. Part I. Synthesis of amylopectin, 877. 
Boyle, (Miss) M., obituary notice of, 719. 

Bradbrook, H. F. See Haworth, J. W. 

Braude, HL. A., studies in light absorption. Part I. p-Benzo- 
quinones, 490. 

Braude, HL. A., and Jones, 2. R. H., studies in light absorption. 
Part II. 2: 4-Dinitrophenylhydrazones, 498. 

Breddy, L. J., and Jones, J. K. N., quantitative estimation of 
xylose, 738. 

Briggs, L. H., Hassall, C. H., and Short, W. F., leptospermone. 
Part II., 706. 

Broad, D. W., and Foster, A. G., —s of condensable 
vapours = porous solids. Part II. Validity of Gur- 
witsch’s rule, 366. 

comparative isothermals of water and deuterium oxide on 
porous solids, 372. 

Brodrick, C.J. See Attenburrow, J. 

Buckley, G. D., oxidative ring closure in the Friedel-Crafts 
reaction. Part I. Condensation of a, hthoyl chloride 
with a-methylnaphthalene. Part [I. Condensation of 
aromatic acid chlorides with naphthalene derivatives, 561, 
564 


Buckley, G. D., Piggott, H. A., and Welch, A. J. E., prepar- 
ation of carbamyl fluorides by the action of anhydrous 
hydrogen fluoride on ¢. tes, 864. 

Bulmer, @., and Mann, F. G., chemistry of xanthic acid deriv- 
atives.- Part I. Preparation and comparative properties 
of isomeric xanthates and dithiocarbonates. Part II. 
Thermal decomposition of disulphurdicarbothionic esters. 
Part III. Interaction of carboxylic acid chlorides and 
potassium ethyl xanthate. Part IV. Interaction of 
sulphony] chlorides and potassium ethy! xanthate, 666, 674, 
677, 680. 

Burton, H., chlorination of 8-naphthol and ethyl 2-hydroxy-3- 
naphthoate in presence of sodium acetate; 4-chloro-f- 
naphthol and its derivatives, 280. 

Burton, H., and Hoggarth, £., reaction between sulphonyl 

chlorides and dimethoxybenzenes in the presence of zinc 
chloride, 14. 
compounds related to 4 : 4’-diaminodiphenylsulphone, 468. 


932 


Cc. 


Caldwell, A. G., and Jones, Z. R. H., constituents of expressed 
West Indian lime oil, 540, 

Cameron, J. M. L., Cook, J. W., and Graham, W., catalytic 
hydrogenation of pyrene, 286. 

Campbell, (Miss) J. G. M., and Harper, S. H., e 
the synthesis of the pyrethrins. Part I. 
chrysanthemum monocarboxylic acid, 283. 

Campbell, VY. See Barclay, (Miss) B.-M. 

Catch, J. R., Cook, A. H., and Kitchener, J. A., apparatus for 
microtitrations with a glass electrode, 319. 

Chang, S.-7'. See Woo, 8..C. 

Chapman, N. B., McCombie, H., and Saunders, B. C., synthesis 
of cardiazole (pentamethylenetetrazole) by the action of 
hydrazoic acid on cyclohexanone, 929. 

Chard, S.J. See Cullinane, V. M. 

Clemo, G. R., and Driver, G. W., derivatives of l-azanthra- 
quinone. Part I.,.829. 

Clemo, @. R., and Swan, G. A., contribution to the study of 
nicotine and the synthesis of 7-azaindole and derivatives, 
603. 

derivatives of 3-aminoquinoline, 867. 

Clemo, G. R., and Turnbull, J. H., synthesis of 3-methyliso- 
quinolines. Part I., 533. 

Clemo, @. R., and Weiss, J., melanin formation, 702. 

Coates, G. H., standard electrode potential of magnesium, 

478. 


riments on 
ynthesis of 


potential and rate of solution of magnesium in deutero- 
chloric acid, 480. 

concentration polarisation in acid solutions, 484. 
an improved glass electrode cell assembly, 489. 

Cohen, A. See Bergel, F. 

Cook, A. H., Heilbron, J. M., and Reed, K. J., sulphonamides 
derived from substituted anilines, 182. 

Cook, A. H., Heilbron, J. M., Reed, K.J., and Strachan, M. V., 
some sulphanilamidopheny] cyanides and related compounds, 
861 


Cook, A. H., and Reed, K. J., experiments in the piperidine 
series. Part I., 399. 
aryl di-8-amidinoethyl ethers, 920. 

Cook, A. H., and Waddington, W., experiments in the coer- 
oxene and coeramidine series, 402. 

Cook, A. H. See also Anker, R. M., and Catch, J. R. 

Cook, H. G., McCombie, H., and Saunders, B. C., esters con- 
taining phosphorus. Part II., 873. 

Cook, J. W., and Schoental, (Miss) R., polycyclic aromatic 
hydrocarbons. Part XXX. Synthesis of chrysenols, 288. 
Cook, J. W., and Thomson, W. H. 8., polycyclic aromatic 
hydrocarbons. Part XXXI. Nitrogenous analogues of 

Geryuen, pyrene and 3 : 4-benzphenanthrene, 395. 

os. gear See also Barr, W., Barton, V., and Cameron, 

Craig, D. P., and Short, L. N., absorption spectra of acridines. 
Part I. Aminoacridines, 419, 

Cullinane, V. M., and Chard, S. J., action of methanol on 
phenol in presence of alumina; formation of anisole, 
methylated phenols, and hexamethylbenzene, 821. 

Cymerman, /J., Heilbron, 7. M., and Jones, Z. R. H., studies 
in the polyene series. Part XXI. Ethynylcarbinols from 
af-unsaturated ketones : their anionotropic rearrangements 
and other reactions, 90. 


D. 


Dalgliesh, C. Z., and Mann, F. G., comparative reactivity of 
carbonyl ups in thionaphthenquinones. Part I. In- 
fluence of substituent groups in thionaphthenquinones. 
Part III. Influence of solvents and catalysts. Part IV. 
yg a chloramine-7’ on thionaphthenquinones, 893, 

Davidson, (Miss) EZ. M., and Turner, EZ. E£., asymmetric 
transformations with benzylmalcnoanilic acids, 843. 

Davies, C. W., the extent of dissociation of salts in water. 
Part X. Dissociation minima, 460. 

Davies, D. R. See Graymore, J. 

Davies, W. H., Johnson, A. W., and Piggott, H. A., a novel 
ponte synthesis. Part JI. 4-Amino-5-arylpyrimidi 

Davies, W. H., and Piggott, H. A., a novel 


imidine 
synthesis, Part I. 3-Amino-5-phenylpyrimidine, 347. 





Index of Authors. 


De la Mare, P. B. D., and Robertson, P. W., kinetics of haloge, 
addition to unsaturated compounds. Part VIII. a§-(). 
saturated aldehydes, 888. 

De la Mare, P. B. D., Scott, R. A., and Robertson, P. 7, 
kinetics of halogen addition to unsaturated compound 
Part VII. Bromine addition in carbon tetrachloride, chlop. 
benzene, and chloroform, 509. 

Dewar, M. J. S., and King, F. Z., sulphanilamides of som 
aminopyrazoles, and a note on the application of p-phthal. 
imidobenzenesulphony] chloride to the synthesis of sulp). 
anilamides, 114. 

Driver, G. W. See Clemo, @. R. 

Duff, J. C., new method for preparation of p-dialkylamino. 
Sg a 276. | 

Dupré, D. J., and Robinson, F. A., N-substituted 5-amino. 

. acridines, 549. 


Egan, (Mise) D. M., and Partington, J. R., transport number 
of zinc halides, 191. 

Elks, J. See Attenburrow, J. 

Elliott, D. F. See Attenburrow, J. 

Evans, L. K., and Gillam, A. Z., effect of molecular environ. 
ment on the absorption spectra of organic compounds inf 
solution. Part IV. Dienones and dienals, 432. 


Fairbrother, F., electrolytic dissociation processes. Part IV, 
Ionisation of a carbon-halogen bond by inorganic halides, 
503 


Farrar, W. V., and Gulland, J. M., syntheses of 1 : 4-telluroxan 
and related cyclic tellurides, 11. 

Forrest, J. See France, H. 

Forsyth, W. G. C., Marrian, S. F., and Stevens, 7’. 9., alkaloids 
of Gelsemium sempervirens. Part I., 579. 

Foster, A. G@., low-pressure isothermals and heats of sorption, 

360. 
—s of condensable vapours by porous solids. Part 
. If]. Multimolecular adsorption. Part IV. Linear iso. 
thermals and the Langmuir equation, 769, 773. 

Foster, A. G. See also Broad, D. W. 

Fowkes, F. S., and McClelland, 2. W., reaction of arylsu- 
phonylbenzisothiazolones with acetic anhydride and 
potassium acetate, 405. 

Fox, (Sir) J. J., obituary notice of, 719. 

France, H., Tucker, 9. H., and Forrest, J., condensation of 
fluorene with acetone. Part III. Formation of fluor. 
anthene derivatives, 7. 

Fuller, A. 7'., Tonkin, (Miss) J. M., and Walker, J., chemo- 
therapeutic agents of the sulphone type. Part II. Sul 
phones related to benzamidine and benzylamine, 633. 


Gerrard, W., experiments on the interaction of hydroxy- 
compounds and phosphorus and thionyl halides in the 
absence and in the presence of tertiary bases. Parts ll. 
and III., 106, 848. : 

Gerrard, W., and Richmond, M. J., experiments on the inter- 
action of hydroxy-compounds and phosphorus and thionyl 
halides in the absence and in the presence of tertiary bases. 
Part IV., 853. ' 

Ghosh, R., McOmie, J. F. W., and Wilson, J. P., experiments 
on the synthesis of a-biotin. Part I., 705. ‘ 

Gibbs, Z. M., and Robinson, F. A., sulphur derivatives of 
thiazoles, 925. : 

Gibling, 7. W., molecular volume and structure. Part Li. 
236 


Gibson, D. 7, heat deactivation of a palladium catalyst 
713. 

Gillam, A. Z., and West, 7’. F., observations on the absorp 
tion spectra of terpenoid compounds. Part V. Umbel 
lulone, 95. 

Gillam, 4. Z. See also Evans, L. K. : 

Giral, F., composition of the fat of the puma or Americ? 
lion (Feliz concolor), 112. 









sldberg, A. A., synthésis of derivatives of taurinamide, 464. 
synthesis of diaminosulphones, 826. 
sldberg, A. 4., and Besly, D. M., synthesis of aminosul- 














', Im phones, 566. ae ; 
ds Mi oodson, J..A., Delphinium alkaloids. Part IV. Alkaloids of 
'- ME the seeds of Delphinium ajacis, 245 















orvin, J. H., sulphonamides. Part I. Action of ammonia on 
rviphanilamidobenzoic esters in the light of the general 
theory of ester ammonolysis. Part II. Action of amines 
on ethyl 4-sulphanilamidobenzamides ; alternative prepar- 
ative methods for sulphanilamidobenzamides, 732, 736. 
oulden, F,, and Kon, G. A. R., preparation. of 2-amino-7- 
hydroxyfluorene, 930. 
oulden, 7'. P., and Hill, L. M., system lead chloride—water 
at 15° to 35°, 447. 
owenlock, A. H., Newbold, G. 7'., and Spring, F. S., syntheses 
of 2-monosubstituted and 2 : 3-disubstituted quinoxalines, 
622. 
raham, W. See Cameron, J. M. L. 
raymore, J., and Davies, D. R., the — methyleneamines ; 
use of hexamine in production of aldehydes, 293. 
treen, M. B. See Walton, Z. 
srifith, R. H., preparation of olefins from aldehydes and 
ketones, 715. 
prifith, R. H., and Morcom, A. R., interconversion of iron 
oxides and sulphides, 786. 
brove,J. F. See Ashley, J. V., and Bennett, G. M. 
hulland, J. M., and Walsh, Z. O., structure of adenosine di- 
and tri-phosphates, 169. 
constitution oF yeast ribonucleic acid. Part IX. Alkali- 
labile linkages, 172. 

Holland, J. M. See also Farrar, W. V. 








































































































Halcrow, (Miss) B. E., and Kermack, W. O., nitration of 
4-chloro- and 4-hydroxy-quinaldine, 415. 

(Miss) D. M., and Turner, HZ. E£., structure and anti- 
malarial activity. Part I. Some acridine derivatives. 
Part II. isoAlloxazines, quinoxalines, and quinoxalo- 
cyclopentadienes, 694, 699. 

Hamer, (Miss) F. M., and Rathbone, R. J., symmetrical di- 
carbocyanines having a methyl group as substituent on the 
chain, 595. 

Hamer, (Miss) F. M. See also Beilenson, B. 

Harper, S. H. See Campbell, (Miss) J. G. M. 

is, J.O. See Attenburrow, J. 
ison, J. See Kahn, Hi. J. 

Hartman, J., and Robertson, P. W., kinetics of halogen 
addition. to unsaturated compounds. Part IX. Nitro- 
cinnamic acids, 891. 

Hassel, C.H. See Briggs, L. H. 

Hathway, D. Z. See Hodgson, H. H. 

Haworth, J. W., Heilbron, J. M., Hey, D. H., Wilkinson, R., 
and Bradbrook, Z. F., green pigments of the phthalocyanine 
series, 409. 

Haworth, J. W. See also Bergel, F. 

Haworth, W. N., Jones, W. G. M., and Wiggins, L. F., con- 
version of sucrose into furan compounds. Part II. Some 
2: 5-disubstituted tetrahydrofurans and their products of 
ring scission, 1. 

Heilbron, J. M., Jones, Z. R. H., Lacey, R. N., McCombie, 
J. T., and Raphael, R., studies in the polyene series. Part 
fn II. Replacement halo — and oa og yore 

pic rearrangements of acetylenylcarbinols and glyco 
derived from af-unsaturated aldehydes, 77. 

Heilbron, J. M., Jones, EH. R. H., McCombie, J. 7'., and 
Weedon, B. C. L., studies in the pobyene series. Part XIX. 









































IX. #@ The semihydrogenation of ethynylcarbinols derived from 
of-unsaturated aldehydes, and the anionotropic rearrange- 
alyst, Mi ments of the resulting vinylcarbinols. Part XX. The 
formation of ethers and esters from propenylvinylcarbinol 
sory’ and related compounds, and the simultaneous rearrange- 
mbel- Mi Menta, 84, 88, 
tlbron, J. M., Jones, E. R. H., and Weedon, B. C. L., 
i studies in the polyene series. Part XVIII. Formation of 
ri 





yen: 
_ from propenylethynylcarbinol and related compounds, 








Index of Authors. 








933 

Heilbron, J. M. See also Anker, R. M., Cook, A. H., 
Cymerman, J., and Haworth, J. W. 

Hems, B.A. See Attenburrow, J., and Borrows, £. 7. 

Henry, A. J., bromination of 4 : 4’-diamidino-ay-diphenoxy- 
propane and of 4 : 4’-diamidinostilbene, 870. 

Henry, 7. A., Kirby, K. S., and Shaw, @. Z., quinamine. 
Part I., 524. 

Henshall, 7’. See King, F. E. 

Hey, D. H. See Haworth, J. W. 

Hill, L. M., the system sodium carbonate-sodium borate- 
water at 35°, 476. 

Hill, L. M. See also Goulden, 7'. P. 

Hinkel, LZ. H., and Treharne, G. J., studies on hydrogen 
cyanide. Part XV. Action of hydrogen chloride on methyl 
cyanide, 866. 

Hodgson, H. H., and Hathway, D. £., reactions of 3-nitro-1- 
naphthylamine. Part II. Chlorination, mercuration, 
coupling with diazo-compounds, and the preparation of 
some arsenicals, 123. 

decompositions of diazonium salts by sodium sulphite and 
sodium acetate. Part Il. 3-Nitro-l-naphthylamine, 451. 

reactions of 4-nitro-2-naphthylamine. Part If. Mono- and 
di-nitration of 4-nitro-p-toluenesulphon-2-naphthalide 
and preparation of 4 : 6-dinitro-1-naphthol, 453. " 

ag a and chromoisomerism of 4 : 5-dinitro-1-naph- 
thylamine, and some perimidines and perinones from 
4-chloro- and 4-bromo-] : 8-naphthylenediamine, 543. 

Hodgson, H. H., and Marsden, Z., evidence for the structural 
isomerism of Hantzsch’s aryl syn- and anti-diazotates, 
207. 

reactions of Grignard reagents with some zinc chloride 
double salts of diazonium compounds, 274. 

Hodgson, H. H., and Sibbald, D. D. R., interpretation of the 
Sandmeyer reaction. Part VI. Influence of the chloride 
ion on the decompositions of neutral p-nitrobenzenedi- 
azonium chloride and of p-nitrobenzenediazonium cobalti- 
nitrite. Part VII. Formation of complex salts between 
aryl diazonium chlorides and ferric chloride of general 


+ - 
formula, R:N,}FeCl,, and decomposition of p-nitrobenzene- 
diazonium chloride by ferrous salts, 545, 819. 
Hodgson, H. H., and Ward, ZL. R., pteparation of 7-nitro-2- 
naphthylamine and of 3.:6-dinitronaphthalic anhydride, 
590 


preferential reduction of nitro-groups in polynitro-com- 
pounds. Part III. Picric acid and 3 : 5-dinitro-o-cresol ; 
an almost quantitative preparation of picramié acid. 
Part IV. Preparation of 4: 5-dinitro-2-naphthylamine 
from 1:3: 8-trinitronaphthalene and a comparison of 
sodium sulphide reductions of available dinitronaphth- 
alenes, 663, 794. 

Hodgson, H. H., Ward, ZH. R., and Whitehurst, J. S., 
preferential reduction of nitro-groups in polynitro-com- 
pounds. Part II. The preparation of 3 : 6-dinitro-1 : 8- 
naphthylenediamine from 1 : 3 : 6 : 8-tetranitronaphthalene, 
454 


Hodgson, H. H., and Whitehurst, J. S., préparation of 1 : 5- and 
1 : 8-naphthylenediamine and related compounds, 202, 

Hoggarth, 2. See Burton, H. 

Holdsworth, J. B. See Baker, J. W. 

Holliman, F. G., and Mann, F. G., synthetic application of 
o-B-bromoethylbenzyl bromide. Part IV. Preparation of 
2-substituted 1: 2:3: 4-tetrahydroisoquinolines. Part V. 
Fe won and properties of thioisochroman, seleno- 
isochroman, tellurossochroman, and of their optically active 
derivatives. Part VI. Preparation and optical resolution 
of a spirocyclic arsonium salt possessing molecular dis- 
symmetry, 34, 37, 45. 


Holmes, G. 8S. See McIlroy, R. J. 


Howard, @. A., Lythgoe, B., and Todd, A. R., experiments on 
the synthesis of purine nucleosides. Part XI. Synthesis of 
9-d-xylopyranosido-2-methylthioadenine and its conversion 
into 9-d-xylopyranosidoadenine, 556. 

Hunter, J. 8. Phillips, G. W. 

Hunter, L., mesohydric tautomerism, 806. 

Hunter, L., and Rees, H. A., associating effect of the hydrogen 
atom. Part XII. The N-H-N nd; _ astructi and 
‘tautomerism of cyanamides, 617. 

Hunter, R. F., and Williams, NV. Z., chemical conversion of 
B-carotene into vitamin-A, 554. 


934 Index of Authors. 


I Lyon, D. R. See also Baker, W. 


Ismail, A. F. A. Seo Schénberg, 4. Lythgoe, B. See Howard, @. A. 
Israel, G. C., Tuck, (Miss) A. W. N., and Soper, F. G., action 
of acids on N-bromoacetanilides, 547. M 
: Macbeth, 4. K., and Mills, J. A., epimeric alcohols of the 
J. cyclohexane series. Part V. The optically inactive 3-methy, 
Jaeger, (Mrs.) R. See Birch, A. J. cyclohexanols, 709. _ in ~_ 
James, (Miss) S. P., and Smith, F., chemistry of gum tra- McClelland, Z. W., and Smith, P. W., *‘ ortho-effect ” in tly 
gacanth. Part I. Tragacanthic acid. Part Il. Deriv- formation of thionaphthenopyrazoles, 408. 


i f d- and I-fi " IIl., , ‘i . McClelland, E. W. See also Fowkes, F. 8. 
Pomp B. = Pea elgg “4 ~~ McCombie, H., Saunders, B. C., and Stacey, G. J.? esters oop, 


Jeffrey, G. A. See Bateman, L. sotning rag ye Part I. Part III. Dialkyl od. 

. . Ww. i i iels—A phosphonates, > . 
en an , formation of phthalides by the Diels-Alder sine 1 tea sien innee, 0B. ded Geek, 1.6 
Johnson, A. W. See also Davies, W. H. McCombie, J. 7. See Heilbron, Vy is 
Jones, H.R. H. See Brande, L. A., Caldwell, A. G., Cymer- | Macey, A. See Bourne, . J. — 

man, J., and Heilbron, J. M. MacGregor, J. H., and Pugh, C., reaction of acrylonitrile wit 
Jones, J. K. N., condensation of glucose and f-diketones, 116. aliphatic alcohols, 535. , 
Jones, J. K. N. See also Breddy, L. J. — R. J., = oo fone ge a, P 
_G. M. _N. preliminary study o e yuronide hemicellulose 

Se. 5, a as We Phormium tenaz (N.Z. flax), 796. 

° McOmie, J. F. W See Ghosh, R. 

K McVeigh, (Miss) J. L., and Rose, J. D., N-nitro-N’-2:4 

dinitrophenylurea ; reagent. for primary and secondary 
amines, 621. 

2 : 4-dinitrophenylsemicarbazide ; reagent for aldehydes and 
ketones, 713. 

Mann, F. G., some aspects of the organic chemistry of phos. 
phorus and arsenic, 65. 

Mann, F. G., and Porter, J. W., synthesis and properties of 
1 : 7-dialkyl xanthines, 751. 

Mann, F.G. See also Baker, W., Bulmer, G., Dalgliesh, (. f, 
Holliman, F. @., and Lyon, D. R 

Marais, J. L.C. See Backeberg, 0. G. 

Marrian, S. F. See Forsyth, W. G@. C. 

Marsden, A. See Maxted, 7. B. 

Marsden, £. See Hodgson, H. H. 

Mauger, (Miss) R. P. See Mecllroy, R. J. 

Maxted, HE. B., detoxication of catalyst poisons. . 
General survey of some detoxicants. Part II. Use of 
various oxidising agents for the detoxication of cysteine, 
204, 763. 

Maxted, Z. B., and Marsden, A., detoxication of catalyst 
poisons. Part III. Detoxication of cysteine with metallie 
per-acids, 766. 


Kahn, H. J., Petrow, V. A., Wien, R., and Harrison, J., some 

pyridyl analogues of triphenylmethane, 858. 

Kelly, W.. Robson, 7’. D., and Short, W. F., p-sulphonamido- 
benzylaniline and related compounds of pharmacological 
interest, 240. 

Kelly, W., and Short, W. F., alkyl derivatives of sulpha- 
pyridine, 242. 

Kenyon, J., and Poplett, R., resolution of propenylethynyl- 
carbinol, 273. 

Kermack, W. O., and Tebrich, W., synthesis of 4-hydroxy- 
5:6: 2’: 3’-pyridoquinoline (4-hydroxy-m-phenanthroline), 
375. 

Kermack, W.0O. See also Halcrow, (Miss) B. E. 

King, F. £., Barltrop, J. A.,and Walley, R. J., synthetical 
and stereochemical investigations of reduced cyclic bases. 
Part I. Hydrogenation products of indole and the exhaust- 
ive methylation of an N-methyloctahydroindole, 277. 

King, F. Z., and Beer, R. J. 8., new potential chemotherapeutic 
agents. Part I. Derivatives of aminoquinoxalines, 791. 

King, F. #., and Henshall, 7’., stereoisomeric aa’-di-(1-naph- 
thylJsuccinic acids, 417. 

King, F. £., and King, 7. J., new potential chemotherapeutic | Meara, M. L., confi 
agents. Part II. Derivatives of 2-aminobenzocinnoline, glycerides. Part I. Configuration of oleodistearin from 
824. various natural sources. Part II. Configuration of some 

King, F. Z. See also Dewar, M. J. 8S. monopalmito-glycerides from various natural sources, 22, 

King, J.J. See King, F. 2. 23 

‘Kirby, K. 8., quinamine. Part II. Constitution, 528. 

Kirby, K.S8. See also Henry, 7. A. . 

Kitchener, J. A. See Catch, J. R. 

Knott, #. B., intramolecular ring closures with cis- and trans- 

-phenyl-y-(2-furyl)itaconic acid, 189. 

polycyclic thiazoles, 455. 

naphtha-1’ : 2’ : 4 : 5-selenazoles, 628. 

reactions of lisoformalides. Part I. With carboxylic 
oe acids, = sul ie _ N. 

Koch, H. P. e Bateman, L., and Bolland, J. L. , 

Kon, @. A. R., and Roe, (Miss) E. M. F., divect hydroxylation | Naylor, R. F., behaviour of keten towards olefins and olefini 
of 1’; 2’: 3’ : 4’-tetrahydro-3 : 4-benzpyrene, 143. peroxides, 244. ws 

Kon, G. A. R. See also Goulden, F. reactivity of isoprenic and analogous hydrocarbons towal 

Krebs, H. A., and Speakman, J. C., dissociation constant, thiocyanic acid and dithiocyanogen, 247. 
solubility, and the pH value of the solvent, 593. Neuberger, 4., stereochemistry of hydroxyproline, 429. 

: Newbold, @. 7'., and Spring, F’. S., oxidation of 1 : 1-diphenyl 

ethylene with perbenzoic acid, 247. 


tion of naturally occurring mixed 


Mills, J. A. See Macbeth, A. K. 

Morcom, A. R. See Griffith, R. H. 

Morton, J. D., and Robertson, P. W., kinetics of haloges 
‘addition to unsaturated compounds. Part V. af-Ui- 
saturated acids and hydrogen bromide catalysis, 129. 

Mustafa, A. See Schénberg, A. 


L 


iff Heilbron, J. M. 
L. J., Lu, C. 8., Sugden, §., and Thomson, R. H. K.., 
inetics of exchange reactions. Part III. Influence of 
t and molecular structure, 586. 


Roux, L. J. 
D. R. Mann, F. G., preparation and properties of 
+ ony ga isoarsindolines; synthesis of spiro-arsonium 





Newbold, G. 7. See also Gowenlock, A. H. J 

Nisbet, H. B., pyrazoline ring formation. Part I. Action 
phenylhydrazine on some saturated and unsaturated 
B-amino-ketones, 126. 


0. 


O'Donnell, R. W. H., obituary notice of, 722. 
Openshaw, H. 7’., and Spring, F. S., preparation and prop 
ties of sulphonamides: separation of sulphonamides 

N ang Ege we 234. 
Openshaw, H. 7. See also Atherton, F. 2. 





Index of Authors. 935 


owen, L. N., olefinic acids. Part I. Reactivity of a-bromo- 
crotonic acid, 385. 


P. 


Partington, J. R. See Egan, (Miss) D. M. 

Pausacker, H. K., B-(N-dichloro)aminoethyl hydrogen sulphate 
(sodium salt), 714. 

Peat, S. See Bourne, LZ. J. 

Pellowe, E. F. See Pollak, F. F. 

Percival, E. H., and Percival, HZ. G. V., carbohydrate phos- 
phoric esters. Part I. Alkaline hydrolysis of a-methyl- 
glucopyranoside - 6 - phosphate, methylglucofuranoside - 3 - 
phosphates: and sopropylidene glucofuranose-3- and 
-6-phosphates, 874. 

Percival, H. G. V., carbohydrate sulphuric esters. Part III. 
The hydrolysis of isopropylidene glucofuranose sulphates 
and methylglucofuranoside sulphates, 119. 

studies on sugar osazones. Part VII. Comparison of the 
phenylosazones prepared from 3 : 6-anhydro-d-glucose 
and 3 : 6-anhydro-d-galactose with the anhydro-osazones 
prepared from d-galactosazone and d-glucosazone by the 
method of Diels and Meyer, 783. 

Percival, .G.V. See also Percival, Z. £. 

Peters, A. 7'., and Rowe, F. M., anthraquinone series. Part I. 
2-Alkylanthraquinones, 181. 

Petrow, V. A., novel types of styrylquinolinium compounds, 
18. 

pyridine and quinoline derivatives, 927. 

Petrow, V. A., and Rewald, HZ. L., new syntheses of hetero- 
cyclic compounds. Part III. Azaphenoxazines. Part IV. 
3-Azaphenthiazines, 313, 591. 

Petrow, V..A. See also Kahn, H. J. 

Phillips, G. M., Hunter, J. S., and Sutton, L. H., investigation 
of occurrence of the co-ordinate or dative link by electric 
dipole-moment measurements, 146. 

Pickholz, S., purification and resolution of dl-adrenaline, 928. 

Piggott, H. A. See Buckley, G. D., and Davies, W. H. 

Polgar, V., and Robinson, (Sir) R., synthetical experiments 
bearing on the constitution of phthioic acid, 389. 

Pollak, /. F., and Pellowe, #. F., determination of small 
amounts of aluminium in spelter, 300. 

Poplett, R. See Kenyon, J. 

Porter, J. W.G. See Mann, F. @. 

Powell, H. M., and Bartindale, G. W. R., structure of com- 
pounds of ferrocyanide type. Part I. Crystal structure 
of hexamethylisonitriloferrous chloride, 799. 

Pugh, C. See MacGregor, J. H 

Pugh, W., mercurous perchlorate as a volumetric reagent for 
iron, 588. 


Raphael, R. See Heilbron, J. M. 

Rathbone, R. J. See Beilenson, B., and Hamer, (Miss) F. M. 

Reed, K.J. See Cook, A. H. 

Reed, R. 4., hydroacridones : synthesis and dehydrogenation. 
Part IT., 186. 

Rees, H. A. See Hunter, L. 

Reichstein, 7'., constitution of the two lactones of d-gluco- 
saccharic acid, 320. 

Rewald, L. L. See Petrow, V. A. 

Reynolds, R. F., the reaction between 1-thiolbenzthiazole and 
trichlorotriethylamine, 713. 

Richmond, M.J. See Gerrard, W. 

Rideal, L. K., reactions in monolayers, 423. 

Roberts, J. K., obituary notice of, 74. 

Robertson, J.cM., diffraction methods in modern structural 
chemistry, 249, 

Robertson, J. M., and White, J. @., crystal structure of coro- 
hene: a quantitative X-ray investigation, 607. 

Robertson, P. W. See De la Mare, P. B. D., Hartman, /., 
Morton, J. D., and Swedlund, B. L. 

Robinson, F..4. See Dupré, D. J., and Gibbs, Z. M. 
bbinson, (Sir) R. See Birch, A. J., and Polgar, NV. 

Ro On ?. D. See Kelly, W. 

Hoe, (Miss) E. M. F. See Kon, G. A. R. 

Rose, F. L., and Swain, @., 2-p-aminobenzenesulphonamido- 
pyrimidines, 689. 





Rose, J. D. See McVeigh, Sa J.D. 

Ross, W. C. J., 16-isopropylideneandrostene derivatives, 25. 
synthetic analogues of progesterone, 536. . 
synthetic analogues of corticosterone, 538. 

Rowe, F. M. See Peters, A. 7’. 


Saboor, 1. 4., mechanism of condensation of the anhydrides 
of mono- and di-substituted succinic acids with aromatic 
hydrocarbons under conditions of the Friedel-Crafts 
reaction, 922. 

Sand, H. J. S., obituary notice of, 75. 

Saunders, B. C. See Chapman, N. B., Cook, H. G., and 
McCombie, H. 

Schliichterer, (Miss) H., and Stacey, M., capsular polysac- 
charide of, 776. 

Schénberg, A., and Asker, (Miss) W., organic sulphur com- 
ounds. Part XXVIII. Thiono-thiol tautomerism mani- 
ested by sulphur analogues of cyclic acid anhydrides, 198. 

Schénberg, A., and Awad, W. J., photo-reactions. Part IX. 
The action of aldehydes on phenanthraquinoneimine i 
sunlight, 197. . 

Schénberg, A., and Ismail, 4. F. A., preparation of af-di- 

phenylhexatriene and 1 : 4-diphenylbenzene from cinnam- 
aldehyde, 200. 

studies in the anthracene series. Part II. Action of 
Grignard reagents on dianthraquinone; new derivatives 
of 9 : 9’-dianthranyl, 201. 

Schénberg, A., and Mustafa, A., photochemical reactions in 
sunlight. Part X. (a) Reaction of ethylenes with phen- 
anthraquinone and with benzil; (b) new type of photo- 
chemical equilibrium. Part XI. (a) Formation of triaryl- 
methyl peroxides by the action of iy on triaryl- 
methanes; (b) dehydrogenation effected by oxygen; (c) 
dehydrogenation effected by p-benzoquinone and phen- 
anthraquinone, 551, 657. 

Schoental, (Miss) R. See Cook, J. W. 

Schofield, K., and Simpson, J. C. E#., cinnolines. Part IIT. 
The Richter reaction. Part IV. Preparation of 4-hydroxy- 
cinnolines, and mechanism of cinnoline syntheses, 512, 520. 

Schofield, K. See also Simpson, J. C. EZ. 

Scott, R.A. See De la Mare, P. B. D. 

Senior, NV. See Barton, D. H. R. 

Shaw, G. Z. See Henry, 7. A. 

Sheridan, J., the metal-catalysed reaction between acetylene 
and hydrogen. Part II. Further experiments with nickel 
catalysts. Part III. Some effects of added substances on 
reaction over nickel. Part IV. Reaction over platinum. 
Part V. Reaction over palladium, iron, and some other 
catalysts, 133, 301, 305, 470. 

Short, L. N. See Albert, A., and Craig, D. P. 

Short, W. F. See Briggs, L. H., and Kelly, W. 

Sibbald, D. D. R. See Hodgson, H. H. 

Simpson, J. C. H., Atkinson, C. M., Schofield, K., and Stephen- 
son, 0., o-amino-ketones of the acetophenone and benzo- 
phenone types, 646. 

Simpson, J. C. H. See also Schofield, K. 

Smith, C., obituary notice of, 723. 

Smith, F. See James, (Miss) 8. P. 

Smith, P. W. See McClelland, 2. W. 

Soper, F. G. See Israel, G. C. 

Speakman, J.C. See Krebs, H. A. 

Spring, F. S8., and Woods, F. C., application of the Hofmann 
reaction to the synthesis of heterocyclic compounds. Part 
Ill. Synthesis of 3-alkyl-2 : 4-diketo-1 : 2 : 3 : 4-tetrahydro- 
quinazolines from N-alkylphthalamides, 625. 

Spring, F. S. See also Baxter, R. A., Gowenlock, 4. H., 
Newbold, @. 7'., and Openshaw, H. 7’. 

Stacey, G. J. See McCombie, H. 

Stacey, M. See Schliichterer, (Miss) Z. 

Stephenson, 0. See Simpson, J. C. £. 

Stevens, 7.S. See Forsyth, W. G. C. 

Stickings, C. H. See Barber, H. J. 

Stoddart, LZ. M., the effect of drying on the vapour pressure 
of dinitrogen tetroxide and the vapour density of dinitroge 
trioxide, 448. 

Strachan, M. N. See Cook, A. H. 

Sugden, J. N., obituary notice of, 75. 





936 


Sugden, S. See Le Roux, L. J. 

Sutton, L. H. See Phillips, G. M. 

Swain,G. See Rose, F. L. 

Swan, G. A. See Clemo, G. R. 

Swedlund, B. H., and Robertson, P. W., kinetics of halogen 
addition to unsaturated compounds. Part VI. The allyl 
halides: lithium chloride and hydrogen bromide catalysis, 
131. 


. J 


Tebrich, W. See Kermack, W. O. 

Thompson, H. W., and Torkington, P., vibrational spectra of 
esters and ketones, 640. 

Thompson, H. W. See also Whiffen, D. H. 

Thomson, R. H. K. See Le Roux, L. J. 

Thomson, W. H.S. See Cook, J. W. 

Todd, A. R. See Atherton, /. R., and Howard, G. A. 

Tonkin, (Miss) I. M. See Fuller, A. 7. 

Torkington, P. See Thompson, H. W. 

Treharne, G.J. See Hinkel, L. EL. 

Tuck, (Miss) A. W. N. See Israel, G. C. 

Tucker, S. H. See France, fl. 

Turnbull, J. H. See Clemo, (7. #. 

Turnbull, NV. H., absorption spectra of acridines. Part II. 
Monoaminoacridines, 441. 

— E. E. See Davidson, (Miss) E. M., and Hall, (Miss) 


W. 


Waddington, W. See Cook, 4. H. 

Walker, J., chemotherapeutic agents of the sulphone type. 
Part I. Sulphones containing a p-aminophenyl] group, 630. 

Walker, J. See also Fuller, 4. 7. 

Walley, R.J. See King, F. LZ. 


Walls, L. P., researches in the phenanthridine series. Part VI. 


Relationship between structure and trypanocidal properties, 
294 


Walsh, Z.0. See Gulland, J. . 





Index of Authors. 


Walton, £., and Green, M. B., search for new analgesiy 
Part I. Homologues of pethidine and related compounj 
315. 

Ward, Z. R. See Hodgson, H. H. 

Waters, W. A., nitration of 3-acetamidoacetophenone, 629, 

Weedon, B. C. L. . See Heilbron, J. M. : 

Weiss, J. See Clemo, G. R. 

Welch, A.J. #. See Buckley, G. D. 

West, 7’. F., structure of pyrethrolone and related compoun 

Part IV., 412. 
some derivatives of eugenol and cis- and trans-isoeugey 
490. 

West, 7. F. See also Gillam, A. Z. 

Whiffen, D. H., and Thompson, H. W., infra-red spectra 
cresols and xylenols and the analysis of cresylic acid, 268, 

White, J. G. See Robertson, J. M. 

Whitehurst, J. 8. See Hodgson, H. H. 

Wien, R.. See Kahn, H. J. 

Wiggins, L. F., anhydrides of polyhydric alcohols. Part] 
The constitution of isomannide, 4. 

Wiggins, L. F. See also Haworth, W. N. 

Wilkinson, R. See Haworth, J. W. 

Williams, V. Z. See Hunter, R. F. 

Wilson, C. L., reactions of furan compounds. Part | 
Fission of the tetrahydrofuran and the tetrahydropy 
ring. Part III. Formation of tetrahydrofuran, 2: }.j 
hydrofuran, and other substances by passage of tetrahydn 
furfuryl alcohol vapour over a nickel catalyst. Part JJ, 
High-temperature decomposition of the vapours of tet 
hydrofuronitrile and methyl tetrahydrofuroate to gin 
2:3-dihydrofuran and cyclopropanealdehyde. Part J 
Formation of furan from furfuraldehyde by the action 
nickel or cobalt catalysts: importance of added hydrogen 
Part VI. Formation of indole, pyrrocoline, and carbazk 
during the catalytic conversion of furan into pyrrole, 48, i 
58, 61, 63. 

Wilson, F. J., obituary notice of, 725. 

Wilson, J. P. See Ghosh, R. 

Woo, S. C., and Chang, 8. 7., quantitative determination. 
methylglyoxal, and the mechanism of its reaction wil 
hypoiodite solution, 162. 

Woods, J.C. See Spring, F. 8. 





INDEX OF SUBJECTS, 1945. 


Acetamido dichloride, 866. 

Acetanilides, N-bromo-, action of acids on, 547. 

Acet-(8-diethylaminoethyl)anilide, and its derivatives, 825. 

Acetic acid, 2:5-dibromo-n-amy] ester, 51. 
ere ae isan Nom ester, 168. 
isothermals of, on silica gel, 366. 

9-Acetimido-4’-methoxy-3-methyl-2:3-dihydronaphtha- 

1’:2’:4:5-selenazole, 629. . 

Aceto-n-amylamide, 2:5-dihydroxy-, diacetyl derivative, 51. 

Aceto[chloroacetoxy-n-amzyljamide, 50. 

Acetochlorosulphonylbenzylanilides, 241. 

Aceto-1-naphthalide, 2-bromo-3-nitro-, 842. 
4-chloro-3-nitro-, 124, 

Aceto-2-naphthalide, 1-bromo-4:5-dinitro-, and 4:5-dinitro-, 

795. 

7-nitro-, 591. 

Acetone, condensation of, with fluorene, 7. 
isothermals of, on silica gel, 366. 
reaction of, with keten, 

$:4-Acetone 2:5-dimethyl mannitol, 1:6-dichloro-, 7. 

1:2-Acetone glucofuranose sulphates, barium salts, 121. 

$:4-Acetone mannitol, 1:2:5:6-tetrachloro-, 6. 

Acetopentylamide, bromohydroxy-, acetyl derivative, 51. 

Acetophenone, 3-amino-, acetyl derivative, nitration of, 629. 
o- and m-amino-, preparation of, 653. 

2:3- and 2:5-diamino-, 2-amino-5-cyano-, m-bromo-, 
bromoamino-, bromonitro-, chloroamino-, chloronitro-, 
5-hydroxy-2-amino-, and 5-nitro-2-amino- and -2-cyano-, 
and their derivatives, 654. : 

chioronitro-, and nitroamino-derivatives, and their deriv- 
atives, 629. 

Acetosulphonamidobenzylanilides, 241. 

Aceto-p-sulphonguanylamidobenzylanilide, 242. 

Aceto-p-sulphonmethylamidobenzylanilide, 242. 

Aceto-p-sulphon-2’-pyridylamidobenzylanilide, 242. 

Aceto-p-sulphon-2’-thiazolylamidobenzylanilide, 242. 

$-a-Acetoxyethyl-4*-cyclohexene-1:2-dicarboxylic acid, and its 

derivatives, 90. 

2-Acetoxyhexa-3:5-diene, 89. 

3-Acetoxyhexa-1:4-diene, 89. 

N-Acetylbenzenesulphonamide, 407. 

1-Acetyl-2-benzylpiperidine, and its methiodide, 918. 

2-Acetylchrysene, l-hydroxy-, acetyl derivative, 291. 

3’-Acetyl-2:6’-~dimethylnaphtha-1’:2’:4:5-thiazole, 4’-hydroxy-, 

Po its ype any.” ae 

lene, reaction of, with hydrogen, catalysed by metals, 
Pe 301, 305, age . é 
lenylearbinols, halogenation and rearrangement of, 77. 

Acetylenyl glycols, halogenation and rearrangement of, 77. 

1-Acetylfiuorenone, and its derivatives,’ 10. 

a-2-Acetylcyclohexylphenylacetonitrile, 440. 
~Acetyl-2-methylnaphtha-1’:2’:4:5-thiazole, 4-hydroxy-, and 

its derivatives, 460. 

4’-hydroxy-3’-chloro-, and its acetyl derivative, 460. 

Acetylphenanthrene, bydrory-» acetyl derivatives, 539, 540. 

N-Acetylproline, J-(—)hydroxy-, methyl ester, 431. 
l-(—)allohydroxy-, 431. . 

Acetylsulphanilamidoethanesulphonanilide, 467. 

N‘-Acetylsulphanilamidophenylpyridines, 184. 

2 tcetyisulphanilyl-N’-phenylformamidine, 688. " 
Acetyl-1-thionaphthen, 3-h -, ni henylhydrazones 
of, and their derivatives, 208, 409. ee 

N-Acetyl-(-toluene~p-sulphonylproline, J-hydroxy-, and its 
methyl ester, 431. 

Acids, olefinic, 385. 

—— bromine addition to, catalysed by h: n 

mide, 5 
Acttion, derivatives, antimalarial activity and constitution of, 


Acridines, spectra of, absorption, 419, 441, 760. 





Acridines, amino-, spectra of, absorption, 419, 441. 
5-amino-, N-substituted, 549. 
hydroxy-, spectra of, absorption, 760. 
Acrylonitrile, reaction of, with aliphatic alcohols, 535. 
Adenosine di- and tri-phosphates, structure of, 169. 
dl-Adrenaline, purification and resolution of, 928. 
Adsorption, multimolecular, 769, 773. 
velocity—time equation for, 354. 
Ajaconine, and its sulphate, 246. 
Alcohols, aliphatic, reaction of, with acrylonitrile, 535. 
epimeric, cyclohexane series, 709 
polyhydric, anhydrides of, 4. 
n-Alcohols, surface tension and velocity of migration to sur- 
faces of, 354. 
Aldehydes, conversion of, to olefins, 715. 
— of, 2:4-dinitrophenylsemicarbazide as reagent 
or, 713. 
preparation of, by means of hexamine, 293. 
af-unsaturated, halogen addition to, 888. 
Alkyl bromides, exchange reactions of, with radioactive 
bromine ions, 586. 
2-Alkylanthraquinones, 181. 
3-Alkyl-2:4-diketo-1:2:3:4-tetrahydroquinazolines, synthesis of, 
from N-alkylphthalamides, 625. 
Alkylisotormanilides, reactions of, 686. 
Alloxazine, synthesis of, from quinoxaline-2:3-dicarboxylic 
acid, 229. 
‘inet belies om ddi lysed by hydrogen 
Allyl ides, bromine addition to, cata’ b 
bromide and lithium chloride, 131. £ vied 
Allyleugenols, 490. 
p-Allylsulphonylbenzonitrile, 637. 
Aluminium, determination of, in spelter, 300. 
Amines, phosphorylation of, 660. 
primary and secondary, reagent for, 621. 
o-Amino-ketones, 646. 
B-Amino-ketones, saturated and unsaturated, action of phenyl- 
hydrazine on, 126. 
Amino-sulphones, synthesis of, 566. 
tert.-Amylacetoacetic acid, ethyl ester, and its semicarbazone, 
732. 
5-isoAmylaminoacridine, and its hydrochloride, 551. 
2-(4’-Amylbenzoyl)benzoic acid, 182. 
n-Amylisoeugenols, 490. 
2-Amylfuran, 813. 
Amylopectin, synthesis of, 877. 
B-Amyloxypropionitrile, 536. 
Analgesics, new, 315. 
Analysis, micro-titration, apparatus for, with glass electrode, 
319. 
Anhydrides, cyclic, tautomerism of sulphur analogues of, 198. 
of polyhydric alcohols, 4. 
$:6-Anhydrogalactosazone, and its diacetate, 785. 
Anhydroglucosazone, Diels’, and its derivatives, 786. 
3:6-Anhydroglucosazone, and ite diacetate, 786 
Aniline, stannic chloride complex of, 731. 
substituted derivatives, sulphonamides from, 182. 
B-Anilino-c-methylacraldehyde anil hydrochloride, 597. 
Anilinophosphonic acid, dibenzy] ester, 384. 
diethyl and dimethy] esters, 922. 
diethyl and diisopropyl esters, 382. 
‘esters, 874. 
4-Anilinopyridine, derivatives of, 927. 
1-Anisidinoanthraquinones, 404. 
1-Anisidinoanthraquinones, 5-chloro-, 404. 
1-Anisidino-4-benzamidoanthraquinones, 404. 
B-p-Anisidinoethanesulphon-p-phenetidide, hydrochloride, 466. 
Anisole, formation of, from methyl alcohol and phenol, 
821. 
Anisole, 4-amino-2-cyano-, 5-amino-4-cyano-, and 5-nitro-2- 
cyano-, 864. 





938 


5-Anisylaminoacridines, and their hydrochlorides, 550. 

2-p-Anisyl-2:3-dihydrophenanthroxazole, 2-hydroxy-, 198. 

Annual General Meeting, 322. 

Anthracene series, 201. 

Anthranilic acid, chloro- and nitro-derivatives, preparation of, 
627. 

Anthraquinone series, 181. 

Antimalarials, synthetic, chemistry of, 768. 

Antimalarial activity, constitution and, 694, 699. 

N-(d-Arabityl)aniline, and its tetra-acetyl derivative, 166. 

N-(d-Arabityl)-p-anisidine, 167. 

N-(d-Arabityl)-p-toluidine, and its tetra-acetyl derivative, 

6 


167. 
N-(d-Arabityl)-o-4-xylidine, and its tetra-acetyl derivative, 
167. 


d-Arabonanilide, and its tetra-acetyl derivative, 166. 

d-Arabono-p-anisidide, and its tetra-acetyl derivative, 167. 

d-Arabono-p-toluidide, and its tetra-acetyl derivative, 167. 

d-Arabono-o-4-xylidide, and its tetra-acetyl derivative, 167. 

Arsenic organic compounds, stereochemistry of, 65. 

Arsenobenzene, preparation of, 34. 

Arseno-p-toluene, 34. 

isoArsindolines, 2-substituted, preparation and properties of, 
30. 

spiroArsonium salts, synthesis of, 30. 

1-Arsononaphthalene-3-azo-f-naphthol, 126. 

1-Arsono-3-p-nitrobenzylidenenaphthylamine, 126. 

Aryl di-8-amidinoethyl ethers, 920. 

Aryldiazonium chlorides, complexes of, with ferric chloride, 
819. 

5-Arylpyrimidines, 4-amino-, 352. 

Arylsulphonylbenzisothiazolones, reaction of, with acetic 
anhydride and potassium acetate, 405. 

Autoxidation in polyisoprenes, 445. 

6-Azachrysene, and its picrate, and 5-chloro-, and 5-hydroxy-, 
and its acetate, 397, 398. 

7-Azaindole, 607. 

1-Azanthracene, 9-mono- and 9:10-di-chloro-, chlorobromo-, 
chlorodibromo-, and 9-chloro-6-nitro-, 831. 

1-Azanthraquinone, derivatives of, 829. 

1-Azanthraquinone, amino- and nitro-derivatives, and 5- 
bromo-, 832. 

3-Azaphenoxazine, 5-amino-, 5:8- and 5:9-diamino-, 5-nitro-, 
and 5:8- and 5:9-dinitro-, and their derivatives, 315. 

4-Azaphenoxazine, 7:9-diamino-, trihydrochloride, and 7:9- 
dinitro-, 314. 

Azaphenoxazines, 313. 

3-Azaphenoxazine-5:6-diazole, 315. 

$-Azaphenthiazine, l-amino-, 1:7-diamino-, 1-nitro-, 
their derivatives, and 1:7-dinitro-, sulphoxide, 592. 

3-Azaphenthiazines, 591. 

3-Azaphenthiazine-1:10-diazole, 592. 

1-Azapyrene, and its picrate, 398. 

Azoimide, reaction of, with cyclohexanone, 929. 

1:1’-Azonaphthalene, 3:3’-dinitro-, 453. 

7-Azo-1:2:3:4-tetrahydroacridine, 21. 


and 


Balance sheets, 325. 
Barium ethyl phosphate, 384. 
Base, C,H,,.N,, and its salts and derivatives, 605. 
Bases, cyclic, reduced, stereochemistry and synthesis of, 277. 
Benzaldehyde 2:4-dinitrophenylsemicarbazone, 714. 
Benzanilide, 2’:4’-dihydroxy-, 437. 
3:4-Benz-5-azophenanthrene, and its picrate, 398. 
3:4-Benz-5:7-diazaphenanthrene, 399. 
2-Benzeneazo-l-naphthylamine, 3-nitro-, 3:2-p-dinitro-, and 
3-nitro-2-p-chloro-, 125. 
4-Benzeneazoresorcinol 3-benzoate, 437. 
Benzenediazonium chloride, p-nitro-, decomposition of, by 
ferrous salts, 819. 
chloride and cobaltinitrite, p-nitro-, decomposition of, 545. 
Benzenesulphinic acid, p-amino-, 685. 
p-cyano-, 636 
2-Benzenesulphonamido-4-amino-6-methylpyrimidine, 
amino-, 692. 


Seeennetanenaie Ae tettantnitinn, 


2-p- 


2-p-amino-, 


Index of Subjects. 


2-Benzenesulphonamido-4:6-dimethylpyrimidine, 2-p-amino, 
atid 2-p-nitro-, 691. 
2-p-Benzenesulphonamido-4-hydroxy-6-methylpyrimidine, 2» 
amino-, and its acetyl derivative, and 2-p-nitro-, 691. 
2-Benzenesulphonamido-4-hydroxypyrimidine-6-carboxylic 
aa. 2-p-amino-, and its acetyl derivative, and 2-p-nitro, 
2-Benzenesulphonamido-4-methyl-6-n-amylpyrimidine, 
amino-, 692. 
2-Benzenesulphonamido-4-methyl-6-ethylpyrimidine,  2-p. 
amino-, 692. 
Benzenesulphonamido-3-methylpyrazoles, p-amino-, 115. 
2-Benzenesulphonamido-4-methylpyrimidine, 2-p-amino-, anj 
its acetyl derivative, 691. 
2-Benzenesulphonamido-6-methylpyrimidine, 
amino- and -2-p-nitro-, 692. 
2-Benzenesulphonamido-4-methylpyrimidine-6-carboxylic 
* Seammaet acetyl derivative, and its amide and ethy] este, 
: Be 
2- and 6-Benzenesulphonamidonicotyrines, 2- and 6-p-amino, 
and the acetyl derivative of the latter, 606. 
4-(3’-Benzenesulphonamidopheny])-2:6-dimethylpyridine-3:5- 
dicarboxylic acid, 4-3’-p-nitro-, ethyl ester, 185. 
Benzenesulphonamidopyrazoles, p-amino-, 114. 
2-Benzenesulphonamidopyridine, 2-m-nitro-, 605. 
2-Benzenesulphonamidopyrimidines, 2-p-amino-, 689. 
4-(Benzenesulphonamido)resorcinol, 4-amino-, and its acetyl 
derivative, 3-benzoate, 438. 
1-Benzenesulphonamido-1:3:4-triazole, 1-p-amino-, acetyl de 
rivative, 115. 


a ~~ Suaprermnacacemermatoen cote marie toate 2-p-amino., 

Benzenesulphonic acid, and m-amino-, and its acetyl derivative, 
and p-chloro-, and nitro-, anisyl esters, 15. 

Benzenesulphonic acid, p-nitro-, p-hydroxy- and p-nitro 
pheny] esters, 470. 

Benzenesulphonyl iodide, p-amino-, acetyl derivative, 685. 

p-chloro-, 684. 

Benzenesulphonylacetamide, p-cyano-, 637. 

 -\ heme p-amino-, and its hydrochloride, 

Benzenesulphonylacetamidoxime, p-amino-, 569. 

Benzenesulphonylacetic acid, p-amino-, and its derivatives, 
567, 568, 632. 


Benzenesulphonylacetone, p-amino-, and its acetyl derivative, 
632. 


2-p. 


4-chloro-2-p. 


p-amino-, and p-nitro-, 470. 
p-cyano-, 637. 
Benzenesulphonylacetonitrile, p-amino-, and its acetyl deriv- 
ative, 569. 
p-cyano-, 637. 
p-Benzenesulphonylbenzamidine hydrochloride, 638 
p-Benzenesulphonylbenzonitrile, 637. 
1-Benzenesulphonylbenziscothiazolone, 4-chloro-, condensation 
of, with acetic anhydride and potassium acetate, 406. 
a-Benzenesulphonyl-n-butyric acid, a-p-amino-, and its ethy! 
ester, and its derivatives, 570. 
B-Benzenesulphonyl-8-phenylpropionic acid, f-p-amino-, ani 
its acetyl derivative, 571. 
a-Benzenesulphonylpropionic acid, a-p-amino-, and its ethyl 
ester, and its acetyl derivative, 569. 
B-Benzenesulphonylpropionic acid, B-p-amino-, and its ethyl 
ester, and its acetyl derivative, 570. 
2-Benzenesulphonylquinol, 2-p’-amino-, and 5-chloro-2-)- 
amino-, and their acetyl derivatives, 632. 
Benzenesulphonylthioacetamide, p-amino-, 569. 
4-Benzenesulphonyltoluquinol, 4-p’-amino-, and its acety! 
derivative, 633. 
3-Benzenesulphonyl-p-xyloquinol, 3-p’-amino-, and its acetyl 
derivative, 633. ; 
Benzenethiolicsulphonic acid, p-amino-, acetyl derivativ’, 
p-acetamidopheny] ester, 685. 
p-chloro-, p-chloropheny] ester, 684. 
Benzil, reaction of, with ethylenes, 551. 
9’:10’-Benzomesobenzanthrone-4-carboxylic acid, 563. 
Benzocinnoline, and 2- and 3-nitro-, 6-oxides, 825. 
. Benzocinnoline, 2-amino-, derivatives of, 824. 
2- and 3-amino-, and their acetyl derivatives, 825. 
Benzoic acid, allyl ester, addition to, of bromine, 509. 





Benzoic acid, p-nitro-, anisyl and furfuryl esters, 813. 





Index of Subjects. 


Benzo-2-naphthalide, 3-bromo-, 842. 
1-nitro-, 809. 
Benzophenone, nitration of, 378. 
Benzophenone, o-amino-, preparation of, 652, 653. 
irinitrohydroxy-, 380. 
5-6-Benzoquinoline, 6’-bromo-, 833. 
-Benzoquinone, dehydration by, 657. 
spectrum of, absorption, 490. 3 
p-Benzoquinones, substituted, spectra of, absorption, 490. 
5:6-Benzoquinoxaline, 7-amino-, acetyl derivative, 793. - 
Benzoyl-8-bromodihydroeugenol, 534. 
p-Benzoylisobutyric acid, 8-bromo-, 457. 
Benzoyl-8-chlorodihydroeugenol, 534. 
N-Benzoyl-2’-methyldiphenylamine-6’-carboxylic acid, 2- 
chloro-, and its sodium salt, 697. 
Benzoylpropionic acid, 8-bromo-f-4-chloro-, 457. 
N-Benzoyl-o-tolylcyanamide, 620. 
$:4-Benzphenanthrene, nitrogenous analogues of, 395. 
Benzthiazole, 1-thiol-, reaction of, with trichlorotriethyl- 
amine, 713. 
Benzthiointdigos, chloro-, 905, 906. 
§-Benzyl S’-p-chlorobenzyl dithiocarbonate, 671. 
S’-p-methylbenzyl dithiocarbonate, S-p-chloro-, 672. 
Benzylaminophosphonic acid, dibenzyl ester, 384. 
Benzylcyanoacetophenylethylamide, 847. 
Benzyldiethylamine, o- and p-amino-, and the o-acetyl deriv- 
ative, 696. 
Benzyleugenols, 490. 
rr p-nitrophenylhydrazone, 
7. ; 
Benzylidenecyanoacetophenylmethylamide, 848. 
1-Benzylidene-1:2:3:4-tetrahydroacridine, 1-p-nitro-, 20. 
——— eee 1-p-nitro-, 


Benzylmalonanilic acids, asymmetric transformations with, 
843 


and their salts, 845. 
Benzylmalonodi-o-toluidide, 845. 
Benzylmalonoethylanilic acid, and its sodium salt, 847. 
Se acid, and its cinchonidine and sodium 
salts, S 
—— d-Benzylmalono-o-toluidic acids, and their salts, 845, 
Peete, p-nitrophenylhydrazone, 
a-(B-Benzylmethylaminoethyl)-a-phenylbutyrolactone hydro- 
chloride, 318. ‘ : 
N-Benzyl-N-methylmorpholinium chloride, 663. 
0-Benzyl-N-phenylaminothiourethane, and 0-p-chloro-, 671. 
Benzylsulphanilic acid, 243. 
N*-Benzylsulphapyridine, 243. 
p-Benzylsulphonylbenzamidine hydrochloride, 637. 
p-Benzylsulphonylbenzonitrile, 637. 
Benzyl p-toluenesulphonimidosulphine-p-toluenesulphonyl- 
imine, 674. 
Benzylxanthic acid, palladium salt, 686. 
o-Biotin, synthesis of, 705. 
Bisacetamidobenzenesulphonamide, 115. 
Bis-(2-acetamido-4-methyl-5-thiazole)sulphone, 927. 
o8-Bis-(p-acetamidophenylsulphonyl ethane, 828. 
4:4’-Bisacetoxyacetyldibenzyl, 539. 
4:4’-Bisacetoxyacetyl-af-diethyldibenzyl, 539. 
4:4’-Bisacetoxyacetyldiphenyl, 539. : 
4:4’-Bisacetoxyacetyldiphenyl ether, 539. 
2:7-Bisacetoxyacetylfluorene, 539. 
Bis-[5-(8-acetoxyethyl)-4-methyl-2-thiazole] sulphide, 926. 
disulphide, 926. 
Bis-[5-(6-acetoxyethyl)-4-methyl-2-thiazole]sulphone, 926. 
2-amino-4-methyl-5-thiazole) sulphide, and its 2-acetyl 
derivative, 927. ys 
a8-Bis-(p-e minophenylsulphonyl)ethane, and its dihydro- 
P vse 828. 
’-sptro-Bisisoarsindolinium salts, 33. 
ee ~ 
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SS’-Bis-p-chlorobenzyl dithiocarbonate, 672. 
Bis-2-(5-chloro-3-ethylbenzthiazole)-8-methylpentamethin- 
cyanine p-toluenesulphonate, 599. 
Bis-2-(5-chloro-3-ethylbenzthiazole)-)-methylpentamethin- 
eyanine chloride, 598. 
Bis-(8-cyanoethyl)methylamine, and its salts, 401. 
Bis-2-(5:6-dimethoxy-3-ethylbenzthiazole)-8- and 
pentamethincyanine iodides, 598, 599. 
Bis-2-(3-ethyl-6:7-benzbenzthiazole)-8-methylpentamethin- 
cyanine bromide, 599. 
Bis-2-(3-ethyl-6:7-benzbenzthiazole)-)-methylpentamethin- 
eyanine iodide, 598. 
as ~ pagan ae lsaremm aan rtaas meee 


-y-methyl- 


iodide, 


Bis-(3-ethylbenzoxazole)pentamethincyanine iodide, 600. 
Bis-2-(3-ethylbenzselenazole)-8-methylpentamethincyanine 
iodide, 599. 
Bis-2-(3-ethylbenzselenazole)-)-methylpentamethincyanine 
chloride, 598. 
Bis-2-(3-ethylbenzthiazole)-aa’-dimethylpentamethincyanine 
iodide, 599. 
Bis-2-(3-ethylbenzthiazole)-8- and -y-methylpentamethin- 
cyanine iodides, 598, 599. 
Bis-2- and -4-(1-ethylquinoline)-)-methylpentamethincyanine 
iodides, 598, 599. 
2:5-Bishydroxymethyltetrahydrofuran, and its derivatives, 2. 
4:4’-Bisiodoacetylstilbene, 538. 7 
Bismethoxyphenoxyanthraquinones, 404. 
Bis-2-(3-methylbenzthiazole)-$-methylpentamethincyanine 
iodide, 599. 
SS’-Bis-p-methylbenzyl dithiocarbonate, 673. 
Bis-(4-methyl-2-thiazole): disulphide, 926. 
Bis-(4-methyl-2-thiazole)sulphone, 926. 
Bis-(8-phenylethyl)amine, salts, 441. 
Bis-(8-phenylethyl)ethylamine, picrate, 441. 
4:6-Bis-(4’-sulphonamidobenzeneazo)resorcinol, 437. 
dl-As-spiro-Bis-1:2:3:4-tetrahydroisoarsinolinium salts, 
their resolution, 47. 
NN’-Bistoluene-p-sulphonyl-1:8-naphthalenediamine, 
4-bromo-, and 4-chloro-, 544. 
1:1’-4:4’-Bis(trimethylene)-2:3-benz-10-anthrone, 288. 
Bis-2-(1:3:3-trimethylindolenine)-8- and -y-methylpenta- 
methincyanine iodides, 598, 599. 
Boron trichloride, compounds of, with diisobutyl sulphide, 
diethyl sulphide, trimethylphosphine and triphenylphosphine, 
150. 


and 


Bromine, addition of, to unsaturated compounds in various 
solvents, 509. 

Butaldehyde, y-hydroxy-, 2:4-dinitrophenylhydrazone, 56. 

Butane, 1:4-dibromo-, preparation of, 48. 

p-n-Butanesulphonylbenzamidine benzoate, 637. 

p-n-Butanesulphonylbenzonitrile, 637. 

B-tert.-Butoxycrotonic acid, 388. 

3-n-Butoxyhex-4-en-1l-yne, 83. 

f-n-Butoxypropionitrile, 536. 

5-isoButylaminoacridine, and its hydrochloride, 550. 

2-n-Butylanthraquinone, 182. 

2-tert.-Butylanthraquinone, 181. 

2-tert.-Butyl-9-anthrone, 181. 

2-(4’~n-Butylbenzoyl)benzoic acid, 182. 

2-(4’-tert.-Butylbenzoyl)benzoic acid, 181. 

2-(4’-tert.-Butylbenzyl)benzoic acid, 181. 

n-Butylisoeugenols, 490. 

2-(1-d-arabo-n-Butyl)quinoxaline, 1:2:3:4-tetrahydroxy-, 702. 

isoButyraldehyde, a-mono-, and af-di-bromo-, diethyl acetals, 
597. 


C. 


isoCaffeine, synthesis of, 234. 
Carbamyl fluorides, preparation of, 864. 
p-Carbamylmethylsulphonylbenzamidine hydrochloride, 637. 
Carbanilide, stannic chloride complex of, 731. 
Carbazole, 3-amino-, acetyl derivative, 825. 
1-, 2-, and 4-bromo-, 1:4-dichloro-, and 2- and 4-nitro-, 532, 
533 


Carbazole-1-carboxylic acid, ethyl ester, 533. 

(+)a-Carbethoxyethoxyphosphorus dichloride, 854. . 

$-(8-Carbethoxy-f-hydroxyethy]l )-5-carbethoxy-4*-pyrazoline- 
1-carboxyamide, 576. 
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2-Carbethoxyketo-5-ethoxyphenyl-p-toluenesulphonimido- 
sulphine-p-toluenesulphonylimine, 915. 
1-Carbethoxyketo-2-naphthyldisulphonamide, 916. 
2-Carbethoxyketo-l-naphthyldisulphonamide, 916. 
2-Carbethoxyketophenyl-p-toluenesulphonimidosulphine-p- 
toluenesulphonylimine, 915. 
2-Carbethoxyketo-3-tolyl p-toluenesulphonimido-sulphide, 5- 
chloro-, 916. 
2-Carbethoxyketo-3-tolylbenzen«sulphonimidosulphinebenzene- 
sulphonylimine, 5-chloro-, 916. 
2-Carbethoxyketo-3-tolyldisulphonamide, 917. 
2-Carbethoxyketo-3-tolyldisulphonamide, 5-chloro-, 916. 
2-Carbethoxyketo-4-tolyldisulphonamide, 916. 
2-Carbethoxyketo-6-tolyldisulphonamide, 4-chloro-, 916. 
Carbethoxymethyl 8-carbethoxy-n-butyl sulphide, 706. 
3-Carbethoxy-2-methyl-5-acetothiophen, 4-hydroxy-, and 4- 
hydroxy-5-chloro-, 600. ~ 
3-Carbethoxy-2-methyl-5-stearothiophen, 4-hydroxy-, 601. 
ee acid, ethyl ester, 


3-Carbethoxy-2-methylthiophen, 4-hydroxy-, acylation of, 600. 
p-Carbethoxyphenylcyanamide, 620. 
4-Carbethoxy-3-phenyl-1-ethylpiperidine, 440. 
Carbohydrates, phosphoric esters of, 874. 
sulphuric esters of, 119. 
Carbon tetrachloride, isothermals of, and heat of sorption on 
ferric oxide and silica gels, 364. 
ss aes linking, ionisation of, by inorganic halides, 
3 ° 


4-Carbomethoxy-1:4-diphenylpiperidine, 919. 
3-Carbomethoxyketo-2-naphthylbenzenesulphonimidosulphine- 
benzenesulphonylimine, 916. 
4-Carbomethoxy-1-p-methoxyphenyl-4-phenylpiperidine, 919. 
Carbonyl groups, reactivity of, in thionaphthenquinones, 893, 
910, 913. 
4-Carboxy-1-p-acetoxyphenyl-4-phenylpiperidine, 919. 
1-(0-Carboxybenzoyl)-s-hexahydropyrene, 288. 
1-(o-Carboxybenzyl)-s-hexahydropyrene, 288. 
2-Carboxy-4-tert.-butyldiphenylcarbinol lactone, 181. 
4-Carboxy-1-p-hydroxyphenyl-4-phenylpiperidine, 919. 
2-Carboxyketo-5-ethoxyphenylthiol, 916. 
2-Carboxyketo-5-ethoxyphenyl-p-toluenesulphonimido- 
sulphine-p-toluenesulphonylimine, 916. 
Carboxymethyl £-carboxy-n-butyl sulphide, 706. 
3-Carboxy-2-methyl-5-acetothiophen, 4-hydroxy-, 
4-hydroxy-5-chloro-, 600. 
5-Carboxymethylaminoacridine, and its salts, 551. 
3-Carboxy-2-methyl-5-stearothiophen, 4-hydroxy-, 601. 
Cardiazole, synthesis of, 929. 
Carone, thiosemicarbazone, 98. 
dl-trans-Caronic acid, ethyl and methyl esters, 285. 
B-Carotene, conversion of, into vitamin-A, 554. 
Catalysts, metallic, effect of carrier substances on reaction 
between acetylene and hydrogen on, 301. 
for reaction between acetylene and hydrogen, 133, 305, 470. 
nickel, 133. 
palladium, heat deactivation of, 713. 
platinum, poisoned, detoxicants for, 204. 
poisons for, detoxication of, 204, 763, 766. 
ae of, for decomposition of tetrahydrofurfuryl 
alcohol, 55. 


Chelidonic acid, ethyl ester, 574. 
Chemotherapeutics, new potential, 791, 824. 
of sulphone type, 630, 633. 
Chloramine-7’, action of, on thionaphthenquinones, 913. 
Chloranil, dehydrogenation of tetrahydrocarbazoles by, 530. 
Chrysanthemum carboxylic acid, synthesis of, 283. 
Chrysene, nitrogenous analogues of, 395. 
Chrysene, l-amino-, and 1-, 3-, and 6-mono- and 1:2-di- 
hydroxy-, acetyl derivatives, 290, 291. 
Chrysenols, synthesis of, and their derivatives, 288, 291. 
hyde, preparation from, of a{-diphenylhexatriene 
and 1 : 4-diphenylbenzene, 200. 
Cinnamic acid, nitro-derivatives, halogen addition to, 891. 
Cinnoline, 6-amino-4-hydroxy-, 4-chloro-6-nitro-, 4-hydroxy-, 
= its acetyl derivative, and nitro-4-hydroxy-derivatives, 
6- and 8-bromo-4-hydroxy-, 6- and 8-chloro-4-h droxy-, 
aca 4-hydroxy-6-cyano-, and Salsodhptouny. 





Cinnolines, 512, 520. 
Cinnolines, 4-hydroxy-, preparation of, 520. 
Cinnoline-3-carboxylic acid, 4-hydroxy-, 516. 
Coeramidine series, 402. 
Coeramidone-9, 10-chloro-2-hydroxy-, hydroxy-, and hydro 
amino-derivatives, and their derivatives, 404. 
Coerodiamidines, dihydroxy-, 405. 
cis-Coerodioxonone, 404. 
Coeroxene series, 402. 
Colchicine, and its derivatives, 176. 
Comanic acid, and its ethyl ester, 574. 
Constitution, antimalarial activity and, 694, 699. 
Coronene, crystal structure of, 607. 
Corticosterone, synthetic analogues of, 538. 
o-Cresol, 3:5-dinitro-, reduction of, 663. 
Cresols, formation of, from methyl alcohol and phenol, 821, 
spectra of, infra-red, 268. 
Cresylic acid, analysis of, 268. 
Crotonic acid, a-bromo-, reactivity of, 385. 
Cyanamides, structure and tautomerism of, 617. 
isoCyanates. See under Cyanogen. \ 
isoCyanic acid. See under Cyanogen. 
Cyanines containing 2:4-benzthiazine nucleus, 222. 
Cyanogen :— 
Hydrocyanic acid, methyl ester, reaction of, with hydroga 
chloride, 866. 
studies on, 866. . 
isoCyanic acid, reaction of, with olefins, in presence of stanni 
chloride, 724. 
-tsoCyanates, reaction of, with anhydrous hydrogen fluoride, 
864. 


Cysteine, detoxication of, 205. 
by metallic per-acids, 766. 
by oxidising agents, 763. 


DDT, derivatives of, 803. 
Deaminocolchinol methyl] ether, structure of, 176. 
isoDeaminocolchinol methyl ether, 179. 
Decahydropyrenes, 287. 
Decahydrosempervirine, 582. 
Dec-3-en-5-yne, 2-chloro-, 80. 
B-Decyloxypropionitrile, 536. 
Dehydro-3:6-anhydroglucosazone, and its diacetate, 786. 
Dehydrogenation, 637. 
Delphinium ajacis, alkaloids of, 245. 
Delphinium alkaloids, 245. 
Deuterium oxide, isothermals of, and of water, on porow 
solids, 372. 
Diacetone glucofuranose sulphates, barium salts, 121. 
4:4’-Diacetyldibenzyl, 537. , 
4:4’-Diacetyl-af-diethyldibenzyl, 537. 
4:4’-Diacetyl-af-diethylstilbene, 537. 
Diacetyldihydrobenzthioindigos, chloro-, 905 
Diacetyldihydro-5:6-benzthioindirubin, 903. 
Diacetyldihydro-5’:6’-benzthioindirubin, and 7-chloro-, 906. 
Diacetyldihydrothioindigos, chloro-, 903. 
dichloro-, 907, 909. 
Diacetyldihydrothioindirubin, 7-chloro-, 903. 
Diacetyldihydrothioindirubins, dichloro-, 907, 909. 
$:3’-Diacetyldiphenyl, and 4:4’-dinitro-, 655. 
4:4’-Diacetylstilbene, 537. 
Dialkyl chlorophosphonates, 381. 
iodophosphonates, 921. : 
phosphites, reaction of, with polyhalogen compounds 2 
presence of bases, 660. 
p-Dialkylaminobenzaldehydes, preparation of, 276. 
1:7-Dialkylguanines, spectra of, absorption, 754. 
1:7-Dialkylxanthines, synthesis and properties of, 751. 
4:4’-Diamidino-cy-diphenoxypropane, bromination of, 870. 
Di-8-amidinoethoxybenzene tartrates, 921. 
4:4’-Di-8-amidinoethoxydiphenyl tartrate, 921. 
2:7-Di- oxynaphthalene tartrate, 921. 
4:4’-Diamidinostilbene, bromination of, 870. 
hydriodide, tetraiodo-complex of, 872. 
1:4-3:6-Dianhydromannitol, 2:5-dichloro-, 6. 
Dianisidinoanthraquinones, 404. 
2:3-Dianisylphenanthro-9’:10’-1:4-dioxan, 552. 
Dianthraquinone, action of Grignard reagents on, 201. 
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9:9’-Dianthranyl, derivatives of, 201. 
2-(2’-w-Diazoacetyl)phenylnaphthalene, 290. 
Diazonium compounds, zinc chloride salts, reaction of, with 
Grignard reagents, 274. 
Diazonium salts, decomposition of, by sodium acetate and by 
sodium sulphite, 452. ; 
Diazotates, anti- and syn-, isomerism of, 207. 
1:2:6:7-Dibenzfluorenone, 564. 
s-Dibenzcyclooctadiene, 28. 
1:2:3:4-Dibenzopyrido-2’:3’-8:9-phenazine, 702. 
3:4:7:8-Dibenzoxacyclo-4*:7-nonadiene, 29. 
4-Dibenzoylaminophenanthrene, 398. 
Dibenzyl aminophosphonate, 384, 662. 
chlorophosphonate as phosphorylating agent, 382. 
hydrogen phosphite, 384. 
SS’-Dibenzyl dithiocarbonate, 673. 
10:10’-Dibenzyldianthranene, 10:10’-dihydroxy-, 202. 
10:10’-Dibenzylidene-9:9’-dianthranene, 202. 
Dibenzylidene d-xylose dimethy] acetal, 739. 
Diisobutyl anilino- and chloro-phosphonates and hydrogen 
phosphite, 874. 
sulphide, compound of, with boron trichloride, 151. 
Di-8-carbethoxyethoxybenzenes, 921. 
2:6-Di-8-carbethoxyethoxynaphthalene, 921. 
(+)Di-(a-carbethoxyethoxy)phosphorus chloride, 854. 
Di-a-carbethoxyethyl hydrogen phosphite, 854. 
Di-(1-carbethoxyethyl) anilino- and chloro-phosphonates and 
hydrogen phosphite, 874. 
2:2’-Dicarbethoxyketo-5:5’-diethoxydiphenyl disulphide, 915. 
2:2-Dicarbethoxyketo-4:4’-dimethyldipheny! disulphide, 916. 
1:1’-Dicarbethoxyketo-2:2’-dinaphthyl disulphide, 916. 
2:2'-Dicarbethoxyketo-1:1’-dinaphthyl disulphide, 916. 
s-Dicarbocyanines, with methyl group substituted on chain, 595.: 
2:2’-Dicarbomethoxyketo-5:5’-diethoxydiphenyl disulphide, 915. 
3:3’-Dicarbomethoxyketo-2:2’-dinaphthyl disulphide, 916. 
2:2’-Dicarbo-n-propoxyketodiphenyl disulphide, 915. 
Se ee disulphide, anhydride, 
916. 
ay-Dicarboxyglutaconic acids, ethyl and methyl esters, spectra 
of, and of their derivatives, 216. 
2:2-Dicarboxyketo-5:5’-diethoxydiphenyl disulphide, and its 
dialcoholate, 916. 
Di(cinnamylethyl)piperazine hydrochloride, 128. 
ar “fase 201:5109 tas nth ad angered nanan 


Di-(4-dimethylaminopheny]l)-3’-(2’:6’-dibenzamidopyridyl)- 
methane, 861. 
Di-(6’-dimethylamino-3’-pyridyl)-3-(2:6-diaminopyridyl)- 
methane, and its derivatives, 861. 
Di-(1:3-dimethyl-n-butyl) chlorophosphonate and hydrogen 
phosphite, 874. 
Diels—Alder reaction, 715. 
Dienals, spectra of, vee a 432. 
1:5-Dienes, carbalkoxy-substituted, reactivity of, 211. 
_ Spectra of, absorption, ultra-violet, 216. 
Dienones, spectra of, absorption, 432. 
Diethoxybenzenes, di-B-cyano-, 920. 
2:9-Diethoxydeca-8:7-diene-5-yne, 83. 
4:4’-Diethoxydiphenyl, 4:4’-di-8-cyano-, 920. 
Di-y-ethoxy-y-iminopropoxybenzene hydrochlorides, 921. 
4:4’-Di-y-ethoxy-y-iminopropoxydipheny! hydrochloride, 921. 
Di-y-ethoxy-y-iminopropoxynaphthalene hydrochlorides, 921. 
2:2’-Diethoxyketodipheny! disulphide, 915. 
4:6 ——iitiiom ae 458. 
p i-B-cyano-, 920. 
2:3-Diethoxyq es" 
Diethyl — 662. 
anilinophosphonate, 382. 
chlesupheatnaatnn 381. 
ether. See Ethyl ether. 
sulphide, com of, with boron trichloride, 151. 
8S’-Diethyl dithiocarbonate, 674. 
5-Diet and ite hydrochloride, 551. 
Diethylamino-c~p-aminobenzenesulphonylethane, and its 
acetyl derivative and hydrochloride, 632. 
Diethylamino-c~p-aminobenzenesulphonylpropane sulphate, 


one, 4-amino-, 
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7-( Puro ia ino)ethylacetamido-5:6-benzquinoxaline, and ite 
picrate, 4 

B-Diethylaminoethylamine, and its salts, 696. 

5-(8-Diethylaminoethylamino)acridine, and its dihydrochloride, 
550. 


2-8-Diethylaminoethylamiobenzocinnoline, and its salts, 826. 
++  gneeaca cme nine ene eee and its salts, 


og - nen samme eee nantes and its 
salts, . 
5-8-Diethylaminoethylamino-9-methylacridine, 1-chloro-, 698. 
a-(8’-Diethylaminoethyl)-a-phenylbutyrolactone, and its hydro- 
chloride, 318. 
2-8-Diethylaminoethyl-1:2:3:4-tetrahydroisoquinoline, and its 
derivatives, 35. 
2-Diethylaminocyclohexanol, picrate, 696. 
2-Diethylaminocyclohexylamine dipicrate, 696. 
5-(2’-Diethylaminocyclohexylamino)-7-methoxyacridine, 
2-chloro-, and its hydrochloride, 697. 
1-Diethylamino-5-(4’-methoxyphenyl)-4‘-penten-3-one, 1-di-£- 
hydroxy-, hydrochloride, 128. 
8-5-Diethylamino-a-methylbutylamino-6-methoxypyridine, 769. 
5-5-Diethylamino-o-methylbutylamino-l-methylacridine, and 
its dipicrate, 698. 
5-5-Diethylamino-a-methylbutylamino-8-methylacridine, 
1-chloro-, and its hydrochloride, 698. 
5-5-Diethylamino-a-methylbutylamino-9-methylacridine, 
1-chloro-, and its dipicrate, 697. 
8-Diethylamino-a-methylbutylaminopyridines, 
icrates, 769. 
Diethylamino-c-methylbutylaminothiazole, 769. 
N-(5-Diethylamino-a-methylbutyl)aniline, 4- and 5-chloro-2- 
nitro-, and o-nitro-, picrates, 700. 
2-5-Diethylamino-a-methyl-n-butyl-1:2:3:4-tetrahydroisoquino- 
line, and its derivatives, 35. 
1-Diethylamino-5-phenyl-4‘-penten-3-one, 
hydrochloride, 128. 
5-(y-Diethylamino-n-propylamino)acridine, salts, 551. 
2-y-Diethylaminopropylaminobenzocinnoline, and its dihydro- 
chloride, 826. 
5-y-Diethylaminopropylamino-9-methylacridine, 1-chloro-, 698. 
N-(5-Diethylaminopropyl)aniline, o-nitro-, picrate, 701. 
5-w-Diethylamino-o-toluidinoacridine, 697. 
ee ee TE 
_# 
5-w-Diethylamino-o-toluidino-9-methylacridine, 1-chloro-, 698. 
Diethyl-p-anisidine, di-8-chloro-, and di-8-hydroxy-, 919. 
NN’-Diethyl-N N’-dimethylpiperazinium salts, NN’-di-B- 
chloro-, and -di-8-hydroxy-, cis- and trans-isomerides, 835. 
NN-Diethyl-o-phenylenediamine, and its salts, 696. 
NN’-Diethylphthalamide, 628. 
a oy “Peete chlorophosphonate and hydrogen phos- 
phite, 874. 
1:7-Diethylxaathine, and its picrate, 760. 
Diffraction, application of, in structural chemistry, 249. 
Di-2-(hex-3-en-5-yuyl) ether, 83. 
Di-2-(n-hexyl) ether, 83. 
1:2-Dihydro-6-azachrysene, 5-chloro-, and 5-hydroxy-, and 
its derivatives, and 5-hydroxy-4-cyano-, 397. 
1:2-Dihydro-6-azachrysene-4-carboxylic acid, 5-hydroxy-, 397. 
3:4-Dihydro-1:2-benzacridone, 188. 
9:10-Dihydro-3:4-benz-5:7-diazaphenanthrene, 399. 
1’:2’-Dihydro-3:4-benzpyrene, 146. 


and their 


1-di-B-hydroxy-, 


2-chloro-, 


“Dihydrochelidonic acid, ethyl and methyl esters, 575. 


Dihydrocomanic acid, 574. 

2:3-Dihydrofuran, 52. 

Dihydrojasmone, and its derivatives, 414. 

Dihydro-olivetolcarboxylic acid, ethyl ester, 312. 

y-1-(3:4-Dihydrophenanthryl)crotonic acid, 291. 

Dihydropyrethrolone, 414. 

Dihydroquinamicine oxime, 527. 

Dihydroquinamine, and its derivatives, 526. 

Dihydroquinamine, dinitro-, nitronitroso-, and tetranitro- 
nitroso-, 529, 530. 

Dihydroapoquinamine, and its derivatives, 527. 

Dihydro-f-quinindene, 9-amino-, methiodide, and its acetyl 
derivative, 20. 

2:3-Diketo-4-acetyltetrahydrofuran, and its derivatives, 577. 

2:4-Diketo-3-benzyl-1-ethyl-1:2:3:4-tetrahydroquinoline, 847. 

2:4-Diketo-3-benzyl-1-methyl-1:2:3:4-tetrahydroquinoline, 847. 
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2:5-Diketo-3:4:6:1-bis-(3’-methylpyrazolo)piperidine, 115. 

2:3-Diketo-4-cinnamoyltetrahydrofuran, 578. 

3’:4-Diketo-7-methoxy-1:2:3:4-tetrahydro-1:2-cyclopenteno- 
phenanthrene, 585. 

B-Diketones, condensation of, with glucose, 116. 

Di-p-methanesulphonylbenzylamine hydrochloride, 639. 

Dimethoxybenzenes, reaction of, with sulphonyl chlorides in 
presence of zinc chloride, 14. 

aa-Dimethoxybutyric acid, methyl ester, 388. 

1:2-Dimethoxychrysene, 291. 

4:5-Dimethoxycinnamic acid, dibromo-2-nitro-, 520. 

. 6:7-Dimethoxycinnoline-3-acetic acid, 4-hydroxy-, and its 

ethyl ester, 524. 

2’:4’-Dimethoxydiphenyl sulphide, 4-nitro-, 15. 

3’:5’-Dimethoxydiphenyl sulphide, 4-nitro-, 469. 

2’:4’-Dimethoxydiphenylsulphone, and 4-amino-, 4-chloro-, and 
4-nitro-, 15. 

3:4-Dimethoxydiphenylsulphone, |.6. 

3’:5’-Dimethoxydiphenylsulphone, 4-amino-, and 4-nitro-, 469. 

4:6-Dimethoxy-2-geranoxycinnamic acid, 543. 

2:2-Dimethoxyketodiphenyl disulphide, 915. 

3:4-Dimethoxy-4’-methyldiphenylsulphone, 16. 

4’:6’-Dimethoxy-2-methylnaphtha-1’:2’:4:5-thiazole, 459. 

2:5-Dimethoxyphenyl isoamy] sulphide, 17. 

oe acid, a(or £)-bromo-f-2-nitro-, 
520. 


2:4-Dimethoxyphenylisoamylsulphone, 17. 

2:5-Dimethoxyphenylisoamylsulphone, 17. 

2:5-Dimethcxyphenylmethylsulphone, 18. 

2-(3’:4’-Dimethoxypheny] )-1:2:3:4-tetrahydroisoquinoline, 36. 

6:7-Dimethoxyquinaldine, 3-amino-, and its derivatives, 869. 

6:7-Dimethoxyquinoline, 3-diamino-, diacetyl derivative, 869. 
3-nitro-, . 

Di-(6-methoxy-5-quinolyl)methane, di-8-amino-, and its hydro- 
chloride, 793. 

2:5-Dimethoxythiophenol, 17. 

Dimethylacridones, 187. 

6:9-Dimethylisoalloxazine, 700. 

ee methochloride, 


5-Dimethylaminoacridine, 550. 
1-p-Dimethylaminobenzylidene-7-acetamidotetrahydroacridine, 
derivatives of, 21. 
3-p-Dimethylaminobenzylidenedihydro-8-quinindene, § meth- 
iodide and methochloride, 20. 
1-p-Dimethylaminobenzylidene-7-methoxytetrahydroacridine 
methiodide and methochloride, 20. 
1-p-Dimethylaminobenzylidene-7-methyltetrahydroacridine 
methiodide and methochloride, 20. 
1-p-Dimethylaminobenzylidene-1:2:3:4-tetrahydroacridine, and 
its derivatives, 20. 
1-p-Dimethylaminobenzylidenetetrahydroacridine,  7-chloro-, 
derivatives of, 21. 
1-p-Dimethylaminobenzylidene-1:2:3:4-tetrahydro-6:7-benz- 
acridine, 20. 
3-Dimethylamino-2-p-dimethylaminostyrylquinoline meth- 
iodide, 869. 
8-Dimethylaminoethylcyclohexane, and its picrolonate, 280. 
B-Dimethylaminoethylcyclohexene, and its derivatives, 280. 
4-Dimethylaminophenyldi-(6’-dimethylamino-3’-pyridyl)- 
methane, 861. 
B-Dimethylaminopropiophenone hydrochloride phenylhydr- 
azone, 128. 
ee, methiodide and methochloride, 


2-p-Dimethylaminostyryl-3-methylquinoline, derivatives of, 20. 
9§-p-Dimethylaminostyrylphenanthridine, and 3-amino-, acetyl 
derivative, methiodides and methochlorides, 21. 
and 7-amino-, acetyl derivative, derivatives of, 21. 
2-p-Dimethylaminostyrylquinoline, 3-amino-, methiodide and 
methochloride, 869. 
2:2-Dimethylisoarsindolinium salts, 33. 
Dimethyl-1:2-benzacridones, 188. 
4:11-Dimethyl-9’:10’-benzomesobenzanthrone, 565. 
B-2:4-Dimethylbenzoylpropionic acid, 8-bromo-, 457. 
dl-cis- and -trans-2:2-Dimethyl-3-isobutenylcyclopropane-1-carb- 
oxylic acids, and their derivatives, 285. 
apt ag viata cblorophosphonate and hydrogen phos- 
pate, . 
Dimethyldiacetyldihydrothioindigos, 906, 907. 





Dimethyldiacetyldihydrothioindigos, chloro-, 903. 
7:4’-Dimethyldiacetyldihydrothioindigo, 5:6’-dichloro-, 903. 
4:7’-Dimethyldiacetyldihydrothioindirubin, 6-chloro-, 908. 
2:5-Dimethyl 1:4-3:6-dianhydromannitol, 6. 
2:3-Dimethyl-9:10-dihydroanthracene, 30. 
2:2-Dimethyl-1:3-dihydroperimidine, 5:8-dinitro-, 455. 
12:18-Dimethyl-4'-docosene; 12-hydroxy-, 395. 
N-Dimethyl-2-ethylcyclohexylamine methiodide, 279. 
cis- and trans-N-Dimethyl-2-ethylcyclohexylamines, and thei 
derivatives, 279. 
2:6-Dimethyl galactonic acid phenylhydrazide, 694. 
2:6-Dimethyl d-galactose, characterisation of, 692. 
11:14-Dimethylheneicosa-1:11-diene, 394. 
— acid, ethyl ester, 
394. , 


Be-Dimethyl-4“«- and -43-hexadienes, 284. 
3:5:Dimethylhexan-3-ol phenylurethane, 93. 
55-Dimethyl-n-hexan-f-one, and its semicarbazone, 731. 
3-Dimethyl-4*-cyclohexene-1:2-dicarboxylic acid, 3-hydroxy., 
y-lactone, 87. : 
2:4-Dimethylhex-3-en-5-yn-2-ol, 94. 
er and its a-naphthylurethane, 


2:5-Dimethyl mannitol, 1:6-dichloro-, 7. 

2:3-Dimethyl-5:6-methylenedioxyindole, 705. 

2:3-Dimethyl 6-methylgalactofururonoside, amide of, 745. 

2:6-Dimethyl 8-methylgalactoside, 693. 

2:3’-Dimethylnaphtha-1’:2’:4:5-thiazole, 4’-hydroxy-, and its 
acetyl derivative, 459. 

2:6’-Dimethylnaphtha-1’:2’:4:5-thiazole, 4’-hydroxy-, and its 
derivatives, 459. 

a mag d-4:8-Dimethylpelargonic acids, and their derivatives, 

2:13-Dimethylpentacosanoic acid, and its amide, 395. 

2:9-Dimethylphenanthridine, and its methiodide, 22. 

4-(2’:4’-Dimethylphenyl)-2-methylthiazole-5-acetic acid, 458. 

NN’-Dimethylphthalamide, 627. 

2:3-Dimethylquinoline, 4-amino-, and 4-cyano-6-amino-, and 
their derivatives, 20. 

ys ~ eanc: <e-ncatehom ame omnes 6-amino-, ‘and 6-nitro., 


Dimethylsulphonium-9-fluorenylidide, physical data for, 153. 
14:17-Dimethyltetracosanoic acid, and its amide, 394. 
Dimethyltetrahydroacridones, 187. 
2:4-Dimethylthiazole-5-carboxylic acid, action of thiony! 
chloride on, 601. 
amides and chloride of, 603. 
Dimethylthioindigos, 906, 907. 
Dimethylthioindigos, chloro-, 903. 
7:4’-Dimethylthioindigo, 5:6’-dichloro-, 903. 
13:16-Dimethyltricosanoic acid, and its amide, 394. 
3:4-Dimethyl 5-xylonolactone, 744. 
10:10’-Di-a-naphthyl-9:9’-dianthranyl, 202. 
Di-2-naphthyldisulphone, 684. 
aa’-Di-(1-naphthyl)succinic acids, stereoisomeric, and their 
derivatives, 417. 
Di-8-octyloxyphosphoryl chloride, 110. 
Dioxan, isothermals of, and heat of sorption on ferric oxide 
and silica gels, 363. 
on silica gel, 366. 
Diphenyl, nitration of, 378. 
Diphenyl, 4’:2-diamino-, derivatives of, 21. 
2:2’:5-triamino-, 5-acetyl derivative, and its dihydro- 
chloride, 825. 
2:5-dibromo-4’-amino-, 2:5-dibromo-4’-nitro-, 5-bromo-4’- 
nitro-2-amino-, acetyl derivative, 5-bromo-4:2-p-dinitto- 
amino-, benzoyl derivative, and mono- and di-nitroamino-, 
benzoy] derivatives, 298, 299. p 
Diphenyl sulphide, 4-chloro-4’-nitro-, nitroamino-, 4-nitro- 
2’:4’-di- and -2’:4’:6’-tri-hydroxy-, and their derivatives, 468. 
en preparation of, from cinnamaldehyde, 


8:4-Diphenyl-1-n-butylpiperidine, and its hydrochloride, 440. 
— acid, y-amino-, and y-cyano-, ethy! ester, 


N:N’-Diphenylearbamide, N’-2:4-dinitro-, 622. 
10:10’-Diphenyldianthranene, 10:10’-dihydroxy-, 201. 
10:10’-dihydroxy-10:10’-di-o-chloro-, 202. 
10:10’-Diphenyl-9:9’-dianthranyl, 201. 
10:10’-Diphenyl-9:9’-dianthranyl, 10:10’-di-o-chloro-, 202. 
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1:3-Diphenyl-4’:7’-dimethyl-2-keto-1:2:3’:4’-tetrahydroquin- 

oxalo-2’:3’:-4:5-cyclopentadiene, 701. 

Diphenyldisulphone, di-p-chloro-, 684. 

1:1-Diphenylethane, 1:2-dihydroxy-, 2-benzoy] derivative, 247. 
xe Dipbenylethane, 1:1:1-trichloro-2:2-di-4-chloro-,  deriv- 

atives of, 803. 

1:1:1- trichloro- 2:2-di-(4-chloro-3: prog 805. 
1:1-Diphenylethylene, oxidation of, with rbenzoic acid, 247. 
9:2-Diphenylethylene, 1: 1-dichloro- 2:2-di-(4-chloro-3-amino).-, 

and its diacetyl derivative, and 1:1-dichloro-2:2-di-(4- 

chloro-3-nitro)-, and  1:1-dichloro-2:2-di-(4-chloro-3:5-di- 

nitro)-, 805. 

3: -4-Diphenyl-1-ethylpiperidines, and their derivatives, 440. 
Diphenylformamidine di-p-toluenesulphonate and 2-naph- 


thalenesulphonate, 688. 
a{-Diphenylhexatriene, preparation of, from cinnamaldehyde, 
200. 


1:3-Diphenyl-4’-8-hydroxyethyl-2-keto-1:2:3’:4’-tetrahydro- 
quinoxalo-2’:3’-4:5-cyclopentadiene, 701. 
1:3-Diphenyl-8-(8-hydroxyethyl)-2-pyrrolidone, and its p-nitro- 
benzoate, 318. 
1:3-Diphenyl-2-keto-2: 3-dihydroquinoxalo-2’: 3’-4:5-cyclopenta- 
diene, 701. 
1:3-Diphenyl-2-keto-1’:4’:5’:7’-tetra-azanaphtho-2’:3’-4:5-4‘- 
cyclopentene, 6’:8’-dihydroxy-, and its sodium salt, 701. 
$:4-Diphenyl-1-methyl-1-ethylpiperidinium iodide, 440 
3:3-Diphenyl-2-methylphenanthro-9’:10’-1:4-dioxan, 552. 
3:4-Diphenyl-1-methylpiperidine, 440. 
2:3-Diphenylphenanthro-1:4-dioxan, 553. 
1:4-Diphenylpiperidine, 4-cyano-, 919. 
1:4-Diphenylpiperidine-4-carboxylic acid, 919. 
1:4-Diphenyl-4-piperidyl ethyl ketone, and its hydrobromide, 
919. 
1:3-Diphenylpyrazoline, preparation of, 128. 
2:3-Diphenylpyrido-2’:3’-7:8-quinoxaline, 702. 
2:3-Diphenylquinoxaline, 7-chloro-2:3-di-m-amino- and -2:3-di- 
m-nitro-, 702. 
Diphenylsulphone, 4:4’-diamino-, derivatives of, 468. 
4-amino-mono-, -di-, and -tri-hydroxy-derivatives, diamino- 
hydroxy-, 4-chloro-4’-amino- and -4’-nitro-, and 4-nitro- 
2’:4’-di- and-2’:4’:6’-tri-hydroxy-, and their derivatives, 
468. 
By-Diphenylvaleric acid, 5-amino-, 
ester, 439 
1:5-Diphenyl-3-vinylpyrazoline, 129. 
Dipole moments, measurement of, in relation to co-ordinate 
or dative linkings, 146 
Diisopropyl aminophosphonate, 662. 
anilinophosphonate, 382. 
anilinophosphonate, di-1:3-dichloro-, 874. 
chlorophosphonate, 381. 
ether, isothermals of, on silica gel, 366. 
———— and its di(metho-p-toluenesulphonate), 
Dissociation. See Electrolytic dissociation and Ionisation. 
Dissociation constant, relation of, to solubility and pH value 
of solvent, 593. 
Disulphurdiearbothionic acid, esters, thermal decomposition of, 


acetyl derivative, ethyl 


SD Reena tee RS Seheaat-t-iio-y-qocens, dipiperidinium 
salt, 199. 

Dithioacetanilide, 829. 

Dithioaniline, 829. 

Diaierenegee, reaction of, with unsaturated hydrocarbons, 


2:6-Dithio-3:5-diphenyl-1-thio~y-pyranone, reactions of, with 
diphenyldiazomethane, diazomethane, and piperidine, 199. 

2:3’-Dithioindoxylyl, 912. 

Divinylcarbinol a-naphthylurethane, 86. 

2-(4’-n-Dodecylbenzoyl)benzoic acid, 182. 


ee glass, assembly of, 489. 
— wa eae 
rs containing orus, 380, 873, 921. 
spectra of, vibrational, 640. 
Ethanesulphonyl chloride, 8-chloro-, preparation of, 465. 
m- and px onylbenzamidine hydrochlorides, 637. 
m- and p-Ethanesulphonylbenzonitriles, 636 





m-Ethanesulphonylbenzylamine hydrochloride, 639. 

p-Ethanesulphonylbenzylamine hydrochloride, 639. 

2-Ethoxalyl-3-keto-4-ethyltetrahydrothiophen, 706. 

B-4-Ethoxybenzoylpropionic acid, of bromo-, 457. 
’-Ethoxy-4:5-benzthioindirubin, 904 

B-Ethoxybutyric acid, a-bromo-, and its methyl ester, 389. 

4-Ethoxycinnoline, 517. 

B-Ethoxycrotonaldehyde diethf1 acetal, 597. 

a-Ethoxycrotonic acid, 388. 
’-Ethoxydiacetyldihydrobenzthioindirubins, 904. 

6-Ethoxydiacetyldihydro-5’:6’-benzthioindirubin, 906. 
’-Ethoxydiacetyldihydrothioindigos, 904. 
’-Ethoxydiacetyldihydrothioindigos, chloro-, 904. 
’-Ethoxydiacetyldihydrothioindirubins, chloro-, 904. 
’-Ethoxy-2:3’-dimethylnaphtha-1’:2’:4:5-thiazole, 459. 

4’-Ethoxy-2:6’-dimethylnaphtha-1’:2’:4:5-thiazole, 459. 

1-8-Ethoxyethyl-2-benzylpiperidine, 919. 

3-a-Ethoxyethyl-4*-cyclohexene-1:2-dicarboxylic acid, and its 
anhydride, 89. 

1-Ethoxyethyl-6-phenyl-2:2-dimethylpiperidine, 
chlorate, 919. 

2-Ethoxyhexa-3:5-diene, 89. 

2-Ethoxyhexa-3:5-diene, 2-8-chloro-, 89. 

2-Ethoxyhex-3-en-5-yne, 83. 

Ethoxymethylenetetrahydrocomanic acid, ethyl ester, and its 
2:4-dinitrophenylhydrazone, 576. 

4’-Ethoxy-2-methyl-6’-ethylnaphtha-1’:2’:4:5-thiazole, 459. 

4’-Ethoxy-2-methylnaphtha-1:2’:4’:5-thiazole, and 6’-chloro-, 
459. 

6’-Ethoxy-2-methylnaphtha-1’:2’:4:5-thiazole, 4’-hydroxy-, and 
its acetyl derivative, 459. 

1’-Ethoxy-2-methyiphenanthra-4’:3’:4:5-thiazole, 459. 

4’-Ethoxy-2-methylphenanthra-1’:2’:4:5-thiazole, 459. 

4’-Ethoxy-2-methyl-6’-isopropylnaphtha-1’:2’:4:5-thiazole, 459. 

6’-Ethoxymethylthioindigos, 904. 

p-Ethoxyphenylaminoethanesulphon-p-ethoxyanilide 
chloride, 467. 

p-Ethoxyphenylhydrazine, preparation of, 531. 

4-(4’-Ethoxyphenyl)-2-methylthiazole-5-acetic acid, 458. 

co Hie oaypen :5-dicarboxylic acid, ethyl ester, structure 
0 

2-Ethoxyquinoxaline, 625. 

2-Ethoxyquinoxaline-3-carboxylic acid, and its ethyl ester, 625. 

2-Ethoxyselenoisochromanium picrate, 41. 
’-Ethoxythioindigos, chloro-, 904 
’-Ethoxythioindirubins, chloro-, 904. 
‘-Ethoxy-2:6’:8’-trimethylnaphtha-1’:2’:4:5-thiazole, 459. 

Ethyl alcohol, isothermals of, and heat of sorption on ferric 
oxide and silica gels, 363. 

Ethyl cyanide, B-iodo-, 793. 

Ethyl ether, compound of, with boron trifluoride, physica] 
data for, 153. 

Ethyl sodium sulphate, 8-(N-dichloro)amino-, 714. 

§-Ethylaminoacridine, and its hydrochloride, 550. 

§-Ethylaminoacridine, 5-8-hydroxy, 551. 

a-(8-Ethylaminoethyl)-a-phenylbutyrolactone, and its hydro- 
chloride, 318. 

Sn papa, 8-B-cyano-, and its picrate, 

2-Ethyl-7-azaindole, 607. 

a-Ethylazonaphthalene, 275. 

B-Ethylazonaphthalene, 276. 

a tna :4-benzthiazine) |- 


ethincyanine 

[2-(8-Ethyl-6:7-benzbenzthiazole) |[ (3-4-ethyl-2:4-benzthiazine) |- 
methincyanine iodide, 226. 

4-Ethyl-9’: 10’-benzomesobenzanthrone, 565. 

gt ar alana 4-benzthiazine) |methin- 
cyanine iodide, 227. 

B-4-Ethylbenzoylpropionic acid, 8-bromo-, 457. 

(2-(8-Ethylbenzselenazole)(2-(4-ethyl-£:4-bensthiasine))- 

iodide, 

te ON ah areata cme 
cyanine iodide, 226. 

[2-(3-Ethylbenzthiazole) |[3-(4-methyl-2:4-benzthiazine) |- 
methincyanine iodide, 227. 

aren bromide, o-f- -bromo-, use of, in synthesis, 34, 37, 


1-Btnyl-2-tenzypiperiine, 1-B-hydroxy-, and its derivatives, 


and its per- 


hydro- 
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Ethyl(carbethoxymethyl)methylamine, -cyano-, 
picrate, 402. 
2-Ethyl-2:3-dihydro-7-azaindole, and its picrate, 607. 
Ethylenes, reaetion of, with benzil and with phenanthra- 
quinone, 551. 
2-(Ethylenesalphonamido)benzoic acid, 466. 
Ethylenesulphonanilide, preparation of, 465. 
Ethylenesulphon-p-phenetidide, 466. 
Ethylenesulphon-p-toluidide, 465. 
2-Ethylcyclohexanone 2:4-dinitrophenylhydrazone, 279. 
3-Ethyl-4‘-cyclohexene-1:2-dicarboxylic acid, 3-a-hydroxy-, and 
its derivatives, 87. 
y-lactone, and its derivatives, 90. . 
i and trans-2-Ethylcyclohexylamines, and their derivatives, 
79. 
f-2-Ethylhexyloxypropionitrile, 536. 
Ethylidene acetamidine, a-chloro., and its hydrochloride, 866. 
Ethylidenecyclohexane, 812. 
Ethylmethylamine, 8-cyano-, and. its derivatives, 401. 
5-Ethyl-4-methylthiazole, 2-amino-5-8-hydroxy-, 2-hydroxy- 
5-B-hydroxy-, and 2-thiol-5-8-hydroxy-, and their deriv- 
atives, 926. 
5-B-thiol-, 927. 
5-Ethyl-4-methylthiazole-2-sulphonic acid, 5-8-hydroxy-, 5-f- 
acetyl derivative, 926. 
1-Ethyloctahydroindole, 280. 
. a=B’-Ethyl-a-phenylbutyrolactone, a-§’-amino-, 
and a-f’-hydroxy-, 317. ; 
4-(4’-Ethylpheny])-2-methylthiazole-5-acetic acid, 458. 
$-8-Ethyl-3-phenyl-2-pyrrolidone, 3-8-hydroxy-, 317. 
N-Ethylphthalamide, 628. 
N-Ethylphthalimide, 628. 
8-Ethylpyridine, 528. 
[2- and 4-(1-Ethylquinoline) }[3-(4-ethyl-2:4benzthiazine) |- 
methincyanine iodides, 227. 
3-Ethylthio-2:4-benzthiazine, and its derivatives, 225. 
2-Ethylthionaphtha-1’:2’:4:5-thiazole, 4’-hydroxy-, 
acetyl derivative, 459. 
2-Ethylthio-4-phenylthiazole-5-acetic acid, 458. 
Ethylxanthic acid, palladium salt, 686. 
Ethynylearbinols from af-unsaturated ketones, 90. 
semihydrogenation of, 84. . 
cis-Equilenin, chloro-, methyl ether, and its 2:4-dinitrophenyl- 
hydrazone, 585. 
dl-cis-Equilenin, synthesis of, 582. 
dl-isoEquilenin, and its methyl ether, 586. 
Eugenols, derivatives of, 490. 


and its 


a-B’-bromo-, 


and its 


F. 


Feliz concolor, fat of, constituents of, 112. 

Ferrocyanides, compounds of type of, 799. 

Films, wnimolecular, reactions in, 423. 

Fluoranthene derivatives, formation of, 7. 

Fluorene, condensation of, with acetone, 7. 

Fluorene, 7-amino-2-hydroxy-, 930. 

Fluorene-9-spiro-2’:2’:4’-trimethylcyclobutane, 10. 

Fluorenone, 7-amino-2-hydroxy-, and its acetyl derivative, 
and 7-nitro-2-hydroxy-, 930. 

§-9-Fluorenyl-5-methylpentan-f-ol, and its derivatives, 9. 

8-9-Fluorenyl-5-methyl-48-pentene, and f-chloro-, 10. 

Formo-1-naphthalide, 4-chloro-3-nitro-, 124. 

Formo-2-naphthalide, 7-nitro-, 591. 

— acid, and its derivatives, 


5-Formyl-2-methyl-3-furyl methyl ketone, and its dinitro- 
phenylhydrazone, 118. 

a-Formylphenylacetonitrile, »-chloro-, ammonium salt, 353. 

Friedel—Crafts reaction, oxidative ring closure in, 561, 564. 
with substituted succinic anhydrides, 922. 

d~ and l-Fucoses, derivatives of, 746. 

Furan, catalytic conversion of, into pyrrole, 63. 

Furan compounds, formation of, from sucrose, 1. 
reaction of, 48, 52, 58, 61, 63. 

Furfuraldehyde, catalytic decomposition of, 61. 

Furfurylbutylearbinol, 813. 

4-(2-Furyl)naphthalene-3-carboxylic acid, 1-hydroxy-, and its 
l-acetyl derivative, and their ethyl esters, 191. 

2-Faryl-5-phenylpyrimidine, 4-hydroxy-, 351. 
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Ga. 


Gauges, Pirani, calibration of, 360. 

Gelsemicine, and its derivatives, 581, 582. 

Gelsemine, and its derivatives, 581. 

isoapoGelsemine, iodo-, and its hydriodide, 581. 

Gelsemium sempervirens, alkaloids of, 579. 

d-Glucosaccharic acid, lactones, constitution of, 320. 

Glucose, condensation of, with B-diketones, 116. 
3-sulphate, barium salt, 121. 

Glucose-3- and -6-phosphoric acids, barium isopropyliden 
salts, alkaline hydrolysis of, 874. 

Glycerides, natural, mixed, configuration of, 22, 23. 

Glycoleugenols, 490. 

Glyoxaline-4:5-dicarboxylic acid, xanthine synthesis from, andj 
its derivatives, 232. 

Grignard reagents, reaction of, with zinc chloride diazoniun 
compounds, 274. 

8-Guanidino-6-methoxyquinoline, and its salts, 793. 

p-Guanylmethylsulphonylbenzamidine dihydrochloride, 637. 

Gum tragacanth, chemistry of, 739, 746, 749. 

Gurwitsch’s rule, validity of, 366. 


H. 
Halogens, addition of, to unsaturated compounds, 129, 13], 
l 


Heat of adsorption, 360. 

Hemimellitic acid, 5-nitro-, methyl ester, 288. 

1-4!-Heptenylcyclohexanol, 812. 

1-4}-Heptynylcyclohexanol, 812. 

Heterocyclic compounds, synthesis of, 313, 591. 

by Hofmann reaction, 229, 232, 625. 

Hexadecahydropyrene, 288. 

n-Hexadecylcarbamy]l fluoride, 865. 

Hexa-1:3-diene, 2:5-dichloro-, 81. 

414.Hexadiene-1:1:3:3:4:4:6:6-octacarboxylic acid, esters, struc. 
ture and reactivity of, 211. 

Hexa-3:5-dien-2-ol, hydrogen phthalate, 90. 
a-naphthylurethane, 87. 

Hexahydrogelsemine, and its methiodide, 581. 

Hexahydropyrenes, 287. 

Hexamethylbenzene, formation of, from methyl alcohol and 
phenol, 821. 

Hexamethylenedi(carbamy] fluoride), 865. 

Hexamethylisonitriloferrous chloride, crystal structure of, 799. 

Hexamine, compounds of, with halides, 293, 294. 
use of, in aldehyde formation, 293. 

n-Hexane, isothermals of, on silica gel, 366. 

Hexane, 2-bromo-1:5:6-trihydroxy-, triacetyl derivative, 2:)- 
dibromo-1:6-dihydroxy-, diacetyl derivative, and 1:2:5:6- 
tetrahydroxy-, and its tetra-acetyl derivative, 2. 

cycloHexanone, 2:5-dichlorophenylhydrazone, 532. 
o-tolylhydrazone, 532. 
reaction of, with azoimide, 929. 

A*-cycloHexene hydroperoxide, reaction of, with keten, 244. 

Hex-3-en-5-yne, 2-chloro-, and 2-hydroxy-, acetyl derivative, 


80. 
Hexoic acid, 2:5:6-trihydroxy-, triacetyl derivative, ethy] ester, 


3. 
cycloHexylamine, derivatives of, 696. 
B-cycloHexylaminoethanesulphonanilide hydrochloride, 466. 
cloHexylaminoethanesulphoncyclohexylamide, 466. 
exylaminophosphonic acid, dibenzyl ester, 384. 
cycloHexyldiethylamine, 2-chloro-, and its picrate, 696. 
Hofmann reaction, 229, 232, 625. é 
Hydrazoic acid. See Azoimide. 
Hydroacridones, synthesis of, and their dehydrogenation, 
186. 


Hydrocarbons, aromatic, condensation of, with substituted 
succinic eg by Friedel-Crafts reaction, 922. 
non-benzenoid, 258. 
polycyclic, 288, 395. 
Hydrocyanic acid. See under Cyanogen. 
Hydrogen atoms, associating effect of, 617. 
reaction of, with acetylene, catalysed by metals, 133, 301, 


305, 470. 
Hydroxy-compounds, reactions of, with phosphorus and 
thionyl halides with vr without tertiary bases, 106, 548, 
853. 
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Iminomethylphenylacetonitrile, 350. 
-Imiaomethylphenylacetonitrile, p-chloro-, 353. 

ndole, hydrogenation products of, 277. 
odophosphonates, 921. 
onisation, 503 

of salts in water, 460. 

Jonone, spectrum of, absorption, 433. 

on oxides and sulphides, interconversion of, 786. 
ron determination :— 

determination of, with mercurous perchlorate, 588. 


Keten, reactions of, with olefins and their peroxides, 244. 
»-Keto-3-acetoxy-4-acetyldihydrofuran, 578. 
}-Keto-1:4-benzothiazine, 5-chloro-, 900. 
)-Keto-1:2-dihydronaphthalene, 1:1-dichloro-, preparation of, 

282. 
9-Keto-1:2-dihydro-3-naphthoic acid, 1:1-dichloro-, ethyl ester, 

282. 

Keto-1:4-dihydroquinaldine-1:8-diazoimide, 416. 
9-Keto-4'!-dodecene semicarbazone, 394. 
9-Keto-3-ethoxy-4-acetyldihydrofuran, and its derivatives, 578. 
3-Keto-4-ethyltetrahydrothiophen, and its dinitrophenylhydr- 

azone, 706. 
3-Keto-4-ethyltetrahydrothiophen-2-carboxylic acid, ethyl ester, 

and its semicarbazone, 706. 
’-Keto-4’-formyl-1:2:3:4-tetrahydro-1:2-cyclopentenophen- 

anthrene, 585. 

§-Keto-3':2’:3:4-furofluorene, 2-hydroxy-, and its 2-acetyl 

derivative, and its 2:4-dinitrophenylhydrazone, 191. 
1-Keto-3-(2’-furyl)indene-2-acetic acid, and its 2:4-dinitro- 

phenylhydrazone, 191. 
1-Ketohydrindane, 584. 
1-Keto-2-hydroxymethylenehydrindane, 584. 
$’-Keto-7-methoxy-4’-methylanilinomethylene-2-methyl- 

1:2:3:4-tetrahydro-1:2-cyclopentenophenanthrene, 585. 
3’-Keto-7-methoxy-4~-methylanilinomethylene-1:2:3:4-tetra- 

hydro-1:2-cyclopentenophenanthrene, 585. 
3'-Keto-7-methoxy-4’-piperonylidene-2-methyl-1:2:3:4-tetra- 

hydro-1:2-cyclopentenophenanthrene, chloro-, 584. 
1-Keto-2-methylanilinomethylenehydrindane, 584. 
3’-Keto-4’-methylanilinomethylene-2-methyl-1:2:3:4-tetra- 

hydro-1:2-cyclopentenophenanthrene, 585. 

’-Keto-2-methylbenzcoumarano-5’:4’:4:5-thiazole, 460. 
3-Keto-5-methyl-1:4-benzothiazine, 900. 
3'-Keto-2-methyl-1:2:3:4-tetrahydro-1:2-cyclopentenophen- 

anthrene, 585 
Ketones, conversion of, to olefins, 715. 

— of, 2:4-dinitrophenylsemicarbazide as reagent for, 

spectra of, vibrational, 640. 
$-Ketopentadiene-1:5-dicarboxylic acid, and its ethyl ester, 576. 
y-Ketopimelic acid, and its semicarbazone, 576. 
y-Ketopimelic acid, aa’-dichloro-, and aa’-dihydroxy-, ethyl 

esters, 576. 

-Keto-1’:2’:3’:4’-tetrahydro-3:4-benzpyrene, 146. 
&-Keto-3:4:5:6-tetrahydrochrysene, 291. 
2-Keto-4'*-tridecene semicarbazone, 395. 


L. 
rg Ps. ethyl ester, reaction of, with phosphorus 
es, 854. 
Lead chloride, solubility of, in water, 447. 
— delivered before the Chemical Society, 65, 249, 258, 


Leptospermone, 706. 
sodium salt, 708. 
eptospermone, tribromo-, 708. 
oe Pega ge of, 490, 498. 
» West Indian, constituents of, 540. 
Limettin, 542 : 


linkings, co-ordinate o dative, investigati by dipol 
moment neem 146. ns crn Si 
Linoleic acid, ethyl ester, thermal oxidation of, 445. 
methyl ester, autoxidation of, 836. 





Linolenic acid, methyl ester, autoxidation of, 836. 
Lion, American. See Feliz concolor. 
Liversidge lecture, 423. 


Magnesium, potential of, 478. 
and its rate of solution in deuterochloric acid, 480. 

Maleanilic acid 4-sulphon-(2’-cyanophenyl)amide, 863. 

Malonomethylanilic acid, 847. 

(+)Mandelic acid, ethyl ester, reaction of, with phosphorus 
tribromide, 852. 

(—)Mandelic acid, ethyl] ester, reaction of, with phosphorus 
oxychloride, effect of pyridine on, 111. 

tsoMannide, preparation of, and its structure, 4. 

Mannitol, 1:2:5:6-tetrachloro-, and its 3:4-dibenzoyl derivative, 
6 


Melanin, formation of, 702. 
Mercuri-aceto-l-naphthalide, 3-nitro-2-hydroxy-, 2-acetyl 

derivative, 842. 

Mercuri-3-nitro-1-naphthylamine, 2-hydroxy-, 125. 
Mercury :— 

Mercurous perchlorate, as volumetric reagent for iron, 588. 
3-Mesitylenesulphonamidoquinaldine, 870. 
3-Mesitylenesulphonmethylamidoquinaldine, 870. 

Metals, dissolving, reduction by, 809. 
Methanesulphonic acid, anisyl, p-hydroxyphenyl, and quinol 

esters, 17 
p-Methanesulphonylacetophenone, and its oxime, 639. 
p-Methanesulphonylaniline, 636. 
p-Methanesulphonylbenzaldehyde, 639. 
m-Methanesulphonylbenzamidine hydrochloride, 638. 
p-Methanesulphonylbenzamidine, and its acetyl derivative, and 

their salts, 636. 
p-Methanesulphonylbenzamidoxime ees. 638. 
p-Methanesulphonylbenz-N N- and N N’-dimethylamidine hydro- 

chlorides, 638. 
p-Methanesulphonylbenzmethylamide, 639. 
p-Methanesulphonylbenz-N-methylamidine hydrochloride, 638, 
p-Methanesulphonylbenzoic acid, 639. 
m~ and p-Methanesulphonylbenzonitriles, 636. 
m-Methanesulphonylbenzylamine hydrochloride, 639. 
p-Methanesulphonylbenzylamine hydrochloride, 639. 
p-Methanesulphonylecinnamic acid, 639. 
p-Methanesulphonyl-N-y-diethylaminopropylbenzamidine 

dihydrochloride, 638. 
a-p-Methanesulphonylphenylethylamine hydrochloride, 640. 
B-p-Methanesulphonylphenylethylamine hydrochloride, 639. 
B-p-Methanesulphonylphenylpropionic acid, 639. 
Methin-[3-(2:4-benzthiazine) }[3-(4-methyldihydro-2:4-benz- 

thiazine) |, 226. 

Methin-[2-(3-ethyldihydro-6 : 7-benzbenzoxazole) |[3-(2:4-benz~ 

thiazine) | hydriodide, 228. 
Methin-[2-(3-ethyldihydro-4:5-benzbenzthiazole) |[3-(2:4-benz- 

thiazine)], 226. j ; 
Methin-[2-(3-ethyldihydro-6:7-benzbenzthiazole) |[3-(2:4-benz- 

thiazine)] hydriodide, 228. 
na ~ ‘hai neta cera aes a 


hydriodide, 228. 

Methin-[2-(3-ethyldihydrobenzselenazole) |[3-(2:4-benzthiazine) | 
hydriodide, 228. 

Methin-(2-(3-ethyldihydrobenzthiazole) |[3-(2:4-benzthiazine) | 
hydriodide, 227. 

ey 2-(3-ethyldihydrobenzthiazole) |[3-(2:4-benzthiazole)], 


a ~~ thea uneian eee ane ems 
Methin-]2-(8-methyldihydrobensthiazole)[3-(2:4-bensthiazine)}, 
Mothin-[2-( 1-methyldihydroquinoline) |[3-(2:4-benzthiazine)), 
Methin-[2-quinoline][3-(4~methyldihydro-2:4-benzthiazine) },226, 
3-Methoxyacetophenone, 2-amino-, and 2-nitro-, 656. 
5-Methoxyacetophenone, 2-amino-, 2-benzoyl derivative, 654. 
7-Methoxy-1-acetoxyacetylnaphthalene, 540. 

Vf Wee 8-chloro-5-amino-, and its hydrochloride, 


7-Methoxyacridine, 2-chloro-5:10-dihydroxy-, 697. 
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3-Methoxybenzaldehyde, 4-hydroxy-, 4-benzyl derivative, 920. 
p-Methoxybenzenesulphonic acid, m-anisy] ester, 16. 
4’-Methoxybenzophenone, 2’-amino-, 653. 
4-Methoxy-1:2-chrysaquinone, 292. 
Methoxychrysenes, and their 2:7-dinitroanthraquinone com- 
pounds, 290, 291. 
4-Methoxychrysene-1-carboxylic acid, 292. 
4-Methoxycinnoline, 517. 
4-Methoxycinnoline, 6-nitro-, 518. 
6-Methoxycinnoline, 4-hydroxy-, and its picrate, 519. 
6-Methoxycinnoline-3-carboxylic acid, 4-hydroxy-, 519. 
7-Methoxycoumarin, 5-hydroxy-, 543. 
a-Methoxycrotonic acid, and its amide and esters, 387. 
5-Methoxy-1:2-dihydro-6-azachrysene-4-carboxylic acid, 
methyl ester, 397. 
6-Methoxy-1:3-dimethyl-3:4-dihydroisoquinoline, 7-hydroxy-, 
and its acetyl derivative, and their derivatives, 535. 
4’-Methoxy-2:3’-dimethylnaphtha-1’:2’:4:5-thiazole, 459. 
4’-Methoxy-2:6’-dimethylnaphtha-1’:2’:4:5-thiazole, 459. 
$-Methoxy-2:4-dimethylquinoline, 656. 
"7-Methoxy-2:3-diphenylquinoxaline, 5-amino-, 792. 
4-Methoxydiphenylsulphone, 4’-amino-, and 4’-nitro-, 468. 
4’-Methoxy-6’-ethoxy-2-methylnaphtha-1’:2’:4:5-thiazole, 459. 
6’-Methoxy-4’-ethoxy-2-methylnaphtha-1’:2’:4:5-thiazole, 459. 
1-8-Methoxyethyl-2-benzylpiperidine, 919. 
3-a-Methoxyethyl-4‘-cyclohexene-1:2-dicarboxylic acid, and its 
anhydride, 89. 
p-Methoxy-a-formylphenylacetonitrile, ammonium salt, 353. 
7-Methoxy-5-geranoxycoumarin, 543. 
2-Methoxyhexa-3:5-diene, 89. 
2-Methoxyhex-3-en-5-yne, 83. 
p-Methoxy-a-iminomethylphenylacetonitrile, 353. 
4’-Methoxy-3-methyl-2:3-dihydronaphtha-1’:2’:4:5-selenazole, 
2-imino-, 629. 
4’-Methoxy-2-methyl-6’-ethylnaphtha-1’:2’:4:5-thiazole, 459. 
4’-Methoxy-2-methylnaphtha-1’:2’:4:5-thiazole, 459, 460. 
’«Methoxy-2-methylnaphtha-1’:2’:4:5-thiazole, 6’-chloro-, 459. 
6’-Methoxy-2-methylnaphtha-1’:2':4:5-thiazole,  4’-hydroxy-, 
and its acetyl derivative, 459. 
1’-Methoxy-2-methylphenanthra-4’:3’:4:5-thiazole, 459. 
4’-Methoxy-2-methylphenanthra-1’:2’:4:5-thiazole, 459. 
4’-Methoxy-2-methyl-6’-isopropylnaphtha-1’:2’:4:5-thiazole, 459. 
4’-Methoxy-2-methylthio-6’-methylnaphtha-1’:2’:4:5-thiazole, 
459. 
4’-Methoxy-2-methylthionaphtha-1’:2’:4:5-thiazole, 459. 
5-Methoxy-a-1’-naphthylcinnamic acid, 2-amino-, and 2-nitro-, 
292. 
2-(2’-Methoxy-1’-naphthy]l )-2:3-dihydrophenanthroxazole, 
2-hydroxy-, 198. 
3-8-6’-Methoxynaphthylcyclopentan-1-one-2-acetic. acid, 585. 
3-f-6’-Methoxynaphthyl-4*-cyclopenten-1-one-2-acetic acid, 
ethyl ester, 585. 
3-Methoxypenta-1:4-diene, 90. 
1-o- and -p-Methoxyphenoxyanthraquinones, 404. 
1-m-Methoxyphenoxyanthraquinone, 5-amino-, 404. 
o- and p;-Methoxyphenylacetonitriles, preparation of, 352. 
3-Methoxy-f-phenylacetoisopropylamide, 4-hydroxy-, acetyl 
derivative, 535. 
5-Methoxyphenylacetylene, 2-nitro-, 519. 
B-(5-Methoxyphenyl)-af-dibromopropionic acid, 8-2-nitro-, 518. 
p-Methoxyphenyl-N-carbethoxycyanamide, 620. 
o- and p-Methoxyphenylcyanamides, 620. 
§-(3’-Methoxyphenyl)-2:2-dimethyl-4-piperidone, 6-4’-hydroxy-, 
and its 4’-benzyl derivative, 919. 
3-Methoxy-8-phenyl-N-methylisopropylamine, 4-hydroxy-, and 
its salts, 534. 
4-(4’-Methoxyphenyl)-2-methylthiazole-5-acetic acid, 458. 
1-(4’’-Methoxyphenyl)-3-methyl-4:5-2’:3’-thionaphthenopyr- 
azole, 409. 
N-p-Methoxyphenylmorpholine, 919. 
1-p-Methoxyphenyl-4-phenylpiperidine, 4-cyano-, 919. 
4-Methoxyphenylphthalonitrile, 411. 
5-Methoxyphenylpropiolic acid, 2-nitro-, 518. 
‘ ee Reena, 4-hydroxy-, and its salts, 


4-Methoxy-5-phenylpyrimidine, 350. 

5-o- and -p-Methoxyphenylpyrimidines, 353. 

4-Methoxy-/-(— )proline, 431. 

4-Methoxyquinaldine, 8-amino-, and its acetyl] derivative, and 
5- and 8-nitro-, 416. 





7-Methoxyquinoxaline, 5-amino-, 792. 
7-Methoxytetrahydroacridine methiodide, 20. 
2-Methoxy-1’:2’:3’:4’-tetrahydro-3:4-benzpyrene, 146. 
3-Methoxy-5-(1’-1’:2’:3’:4’-tetrahydroquinolyl )acridine, 
8-chloro-, 37. 
3-Methoxy-5-(2’-1’:2’:3’:4’-tetrahydroisoquinolyl )acridine, 
8-chloro-, and its derivatives, 36. 
6-Methoxy-8-(2’-1’:2’:3’:4’-tetrahydroisoquinolyl)quinoline, ay 
its derivatives, 36. 
5-Methoxy-a-(3’:4’:5’-trimethoxyphenyl )cinnamic acid,2-amin 
and 2-nitro-, 178. 
4’-Methoxy-2:6’:8’-trimethy]naphtha-1’:2’:4:5-thiazole, 459. 
— alcohol, reaction of, with phenol in presence of alumi 
Methyl telluridi-iodide and telluride, diiodo-, 14. 
a-Methylacraldehyde, 8-bromo-, diethyl acetal, 597. 
8-Methylacridine, 1:5-dichloro-, 698. 
9-Methylacridine, 1:5-dichloro-, 697. 
2:5-dichloro-, 698. 
9-Methylacridone, 1-chloro-, 697. 
5-Methylaminoacridine, and its hydrochloride, 550. 
a~(8-Methylaminoethyl)-ca-phenylbutyrolactone, and its deri. 
atives, 318. 
3-(8-Methylaminoethyl)-3-phenyl-2-pyrrolidone, and its hydn. 
chloride, 317. 
5-(2’-Methylamino-5’-methylanilo)-2:4-diphenylcyclopentane- 
1:3-dione, 701. ; 
4-Methylaminophenyldi-(6’-dimethylamino-3’-pyridy])metham, 
and its p-toluenesulphonyl derivative, 861. 
Methylaminophosphonic acid, diethyl ester, 922. 
ot epee tate taeis hydrochloride, 


2-Methylisoarsindoline, 33. 

2-Methyl-7-azaindole, and its derivatives, 606. 
2-Methyl-7-azaindole-3-aldehyde, 607. 
2-Methyl-l-azapyrene, and its picrate, 398. 
Methyl-1:2-benzacridones, 188. 
6-Methyl-3:4-benz-5:7-diazaphenanthrene, 399. 
4-Methyl-9’:10’-benzomesobenzanthrone, 563. 
f-4-Methylbenzoylpropionic acid, 8-bromo-, 457. 
1’-Methyl-3:4-benzpyrene, 146. 
3-Methyl-2:4-benzthiazine, 225. 
4-Methylbenzthiazole, 2-amino-, and its picrate, 900. 
Methylbenzthioindigos, 905, 906. 
Methylbenzthioindirubins, 908. 
4-Methyl-5’:6’-benzthioindirubin, 6-chloro-, 906. 

oy Wane e es eediinn eames bromide, 2-o0-bromo, 


O-p-Methylbenzyl-N-phenylaminothiourethane, 672. 

p-Methylbenzyl p-toluenesulphonimidosulphine-p-toluene- 
sulphonylimine, 674. 

3-Methyl-n-butanesulphonic acid, p-acetoxypheny]l, anisyl, 
m- and p-hydroxypheny] and quinol esters, 17. 

a-Methyl-n-butyric acid, 706. 

Methyl-(2-carboxyketo-5-ethoxyphenyl) sulphide, 916. 

1-Methyl-4-cinnolone, 517. 

1-Methyl-4-cinnolone, 6-nitro-, 518. 

7-Methyl-4’-decenoic acid, 394. 

Methyldecoic acids, and their derivatives, 393. 

Methyldiacetyldihydrobenzthioindigos, 905, 906. 

Methyldiacetyldihydrobenzthioindirubins, 905, 906. 

Methyldiacetyldihydrothioindigos, 903. 

Methyldiacetyldihydrothioindigos, chloro-, 906, 907, 908. 
dichloro-, 903. 

Methyldiacetyldihydrothioindirubins, 903, 908. 

Methyldiacetyldihydrothioindirubins, chloro-, 903, 907, 908. 

5-Methyl-4:6-diazachrysene, and its picrate, 399. 

8-Methyl-1:7-diethylxanthine, and its picrate, and 8-irichloro, 
759. 

2-Methyl-2:3-dihydro-7-azaindole, 606. - 

Methyl-3:4-dihydro-1:2-benzacridones, 188. 

9-Methyl-9:10-dihydro-3:4-benz-5:7-diazaphenanthrene, and its 
picrate, 399. 

ps? te means enyirrsnecsameeeen: Aabeenemaael 

5-3’-(4’-Methyldihydro-2’: LSaeeinlenemaens)-tetiste-0-tulet 

8 


ethyl é 
5-Methyl-1:2-dihydro-4:6-diazachrysene, and its picrate, 398. 
2-(1-Methyl-1:2-dihydroquinolylidene)-2’-(3’-keto-2-methy!- 

benzcoumarano-5’:4’:4:5-thiazole), 460. 
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(2-(3-Methyldihydro-1:3-thiazine) )[3-(4-methyl-2:4-benz- 
thiazine) }methineyanine iodide, 227. 


9-nitro-, 21. 
9/-Methyldiphenylamine-2-carboxylic acid, 5-chloro-, 698. 
9’-Methyldiphenylamine-6’-carboxylic acid, 2-chloro-, 697. 
5-Methyldiphenylamine-2-carboxylic acid, 2’-chloro-, 698. 
5’-Methyldiphenylsulphone, 4-amino-2’-hydroxy-, and its 
acetyl derivative, 468. 
Methyleneamines, cyclic, 293. 
3:4-Methylenedioxyaniline, preparation of, 704. 
6:7-Methylenedioxycinnoline, 4-hydroxy-, 519. 
6:7-Methylenedioxycinnoline-3-carboxylic acid, 4-hydroxy-, 519. 
5:6-Methylenedioxyindigo, action of sulphuric acid on, 704. 
3:4-Methylenedioxy-m-nitrobenzylidenehydrazone, 705. 
9-(3’:4’-Methylenedioxypheny])-2:3-dihydrophenanthroxazole, 
2-hydroxy-, 198. 
3:4-Methylenedioxyphenylhydrazine, 704. 
4:5-Methylenedioxyphenylpropiolic acid, 2-nitro-, 519. 
eee acid, af-dibromo-f-2- 
nitro-, 519. 
9-(3’:4’-Methylenedioxyphenyl)-1:2:3:4-tetrahydroisoquinoline, 
and its picrate, 36. 
6:7-Methylenedioxyquinaldine, 3-amino-, derivatives of, 868. 
6:7-Methylenedioxyquinoline, 3-amino-, and 3-nitro-, and their 
derivatives, 868. 
6:7-Methylenedioxy-1:2:3:4-tetrahydrocarbazole, 705. 
Methylenedi-(2-pyridylmethylamine), 860. 
Methylene-1-keto-1:2:3:4-tetrahydrophenanthrene, amino-, 
chloro-, and hydroxy-, and their derivatives, 397. 
1-Methyl-7-ethylguanine, and its picrate, 756. 
2-Methyl-1-ethyliminazole, 4-nitro-5-cyano-, 759. 
2-Methyl-1-ethyliminazole-5-carboxylic acid, 4-amino-, and 
4-nitro-, and their derivatives, 759. 
2-Methyl-6’-ethylnaphtha-1’:2’:4:5-thiazole, 4’-hydroxy-, and 
its acetyl derivative, 459. 
1-Methyl-7-ethylxanthine, and its picrate, 757. 
7-Methyl-1-ethylxanthine, and its picrate, 759. 
Methyl f-9-fluorenyl-8-methyl-n-propyl ketone 2:4-dinitro- 
phenylhydrazone, 10. 
Methylglucofuranoside sulphates, hydrolysis of, 119. 
Methylglucofuranoside-3-phosphoric acid, barium salt, alkaline 
hydrolysis of, 874. 
a-Methylglucopyranoside-6-phosphoric 
alkaline hydrolysis of, 874. 
Methylglyoxal, determination of, and its reaction with hypo- 
iodite, 162. 
1-Methylglyoxaline-4:5-dicarboxyamide, 233. 
3-Methylhexa-1:4-dien-3-ol, 94. 
4-Methylhexa-3:5-dien-2-ol, 94. 
2-Methyl-1:5:6:7:8:9-hexahydro-1:5-dioxanaphthalene-3- 
carboxylic acid, 7:8-d-erythro-dihydroxy-, and its deriv- 
atives, 117. 
2-Methyl-1:5:6:7:8:9-hexahydro-1:5-dioxa-3-naphthyl methyl 
ketone, 7:8-d-erythro-dihydroxy-, and its derivatives, 118. 
4-Methylhexan-2-ol 3:5-dinitrobenzoate, 94. 
dl-3-Methylcyclohexanols, and their derivatives, 709. 
1-Methylcyclohexene, addition to, of dithiocyanogen, 247. 
3-Methyl-4*-cyclohexene-1:2-dicarboxylic acid, y- me, 87. 
3-Methylhex-4-en-1-yn-3-ol, 93. 
4-Methylhex-3-en-5-yn-2-ol, and its phenylurethane, 94. 
>-Methyl-5-(d-arabo-tetrahydroxybutyl)-B-furyl methyl ketone, 


1-Methyl-7-8-hydroxyethylguanine, and its picrate, 757. 

4-Methyl-3-a-hydroxyethyl-A*-cyclohexene-1:2-dicarboxylic 
acid, y-lactone, 94. 

1-Methyliminazole-5-carboxylic acid, 4-amino-, and 4-nitro-, 
and their derivatives, 757. 

-a-Methylnaphthalene, condensation of, with £-naphthoyl 
chloride, 561. 

Methylnaphtha-1’:2’:4:5-selenazoles, 2-amino-4’-hydroxy-, 
2:4’-diacetyl derivatives, 629. 


acid, barium salt, 


*-Methylnaphtha-1’:2’:4:5-thiazole, 6-chloro-4’-hydroxy-, and 
P. -hydroxy-, and their derivatives, 459. ; 
" 1’:2’:4:5-thiazole, 2-amino-6’-h “» 
'2:6’-diacetyl derivative, 459. ore 
'8’-Methylnaphtha-1’:2’:4:5-thiazole, 2-amino-4’-hydroxy-, 2:4’- 
ee derivative, 459. 
8s 
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4-Methyl-9’:10’:2”’:1’’-naphthomesobenzanthrone, 565. 
4-Methyl-1-naphthyl-3’-phenanthoyl ketone, 565. 
7-Methylnona-3:7-dien-5-yne, 2-chloro-, 80. 
7-Methylocta-3:7-dien-5-yne, 2-chloro-, 80. 
1-Methyloctahydroindole, and its derivatives, 280. 
N-Methyloctahydroindole, and its methylation, 277. 
(5-Methyl-4°-octenyl)malonic acid, ethyl ester, 394. 
3-(Methyloctyl)malonic acid, ethy! ester, 393. 
2-Methylpenta-2:4-dien-1-ol, and its a-naphthylurethane, 87. 
B-Methyl-48-pentenoie acid, anilide of, 728. 
3-Methylpent-2-en-4-yn-1-ol, and its a-naphthylurethane, 93. 
3-Methylpent-4-en-1-yn-3-ol, and its a-naphthylurethane, 93. 
2-Methylperimidine, 6(or 7)-bromo-, and 6(or 7)-chloro-, 545. 
2-Methylphenanthra-1’:2’:4:5-thiazole, 4’-hydroxy-, and its 
acetyl derivative, 459. 
2-Methylphenanthra-4’:3’:4:5-thiazole, 1’-hydroxy-, and its 
acetyl derivative, 459. 
9-Methylphenanthridine, 7-amino-, and its derivatives, 21. 
O-Methyl-N-phenylaminothiourethane, 674. 
N-Methyiphthalamic acid, and its derivatives, 627. 
1-Methylpiperidine, 4-imino-3-cyano-, and its picrate, 401. 
1-Methyl-4-piperidone, phenylhydrazone, 401. 
1-Methyl-4-piperidone, 3-cyano-, hydrochloride, 401. 
1-Methyl-4-piperidone-3-carboxylic acid, methyl ester, and its 
hydrochloride, 401. 
1-Methyl-7-propylguanines, and their salts, 756. 
2-Methyl-6’-isopropylnaphtha-1’:2’:4:5-thiazole, 4’-hydroxy-, 
and its acetyl derivative, 459. : 
1-Methyl-7-n-propyixanthine, and its picrate, 757. 
8-Methylpyrazole, 4- and 5-amino-, and their derivatives, 
115. 
3-Methylpyrazole-5-carbazide, 115. 
3-Methylpyrazole-5-carbohydrazide, 115. 
3-Methylpyrazole-5-carboxylic acid, ethyl ester, 114. 
3-Methyl-5-pyrazylcarbamic acid, ethyl ester, and its picrate, 
115. 
1-Methyl-4-pyrrolidone, 3-cyano-, 402. 
1-Methyl-4-pyrrolidone-3-carboxyamide, and its picrate, 402. 
N-Methylquinamicine methiodide, 527. 
3-Methylisoquinolines, synthesis of, 533. 
[2-(1-Methylquinoline) |[3-(4-methyl-2:4-benzthiazine) |methin- 
cyanine iodide, 227. 
2-Methylselenoisochromanium iodide, 41. 
N-Methylsuccinamide, 628. 
2-Methyltelluroisochromanium iodide, 43. 
7-Methyltetrahydroacridine methiodide, 20. 
8-Methyl-1:2:3:4-tetrahydrocarbazole, and its picrate, 532. 
4-Methyl-2:3:4:5-tetrahydro-4-carboline, 402. 
5-Methyltetrahydrofuran-2-carboxylic acid, 5-chloro-, ethyl 
ester, and 5-hydroxy-, and its derivatives, 3. 
4-Methylthiazole, 2-amino-5-hydroxy-, and 2-amino-5-thiol-, 
salts of, and 5-nitro-2-amino-, 2-acetyl derivative, 927. 
Se ee ee acid, ethyl 
ester, x 
4-Methylthiazole-2:5-dicarboxylic acid, amides, chlorides, di- 
hydrazide, and ethyl ester of, 602. 
p-Methylthioaniline hydrochloride, 638. 
p-Methylthiobenzamidine hydrochloride, 638. 
3-Methylthio-2:4-benzthiazine, and its methiodide, 225. 
Methylthioindigos, 903. 
Methylthioindigos, chloro-, 906, 907. 
dichloro-, 903. 
5-Methylthioindirubin, 903. 


-7’-Methylthioindirubin, 908. 


Methylthioindirubins, chloro-, 907, 908. 
Methylthioindoxyls, 901. 
2-Methylthio-6’-methylnaphtha-1’:2’:4:5-thiazole, 4’-hydroxy-, 
and its acetyl derivative, 459. 
2-Methylthionaphtha-1’:2’:4:5-thiazole, 1’- and 4’-hydroxy-, 
and their acetyl derivatives, 459. 
2-Methylthionaphtheno-7’:6’:4:5-thiazole, 4’-hydroxy-, and its 
acetyl derivative, 460. 
Methylthionaphthenguinones, and their anils, 901. 
2-Methylthio-4-naphthylthiazole-5-acetic acids, 458. 
2-Methylthiophenanthra-1’:2’:4:5-thiazole, 4’-hydroxy-, 
its acetyl derivative, 459. 
2-Methylthio-4-phenylthiazole-5-acetic acid, 458. 
2-Methylthiopyrimidine, 4:6:5-iriamino-, 5-formyl derivative, 
561 


2-Methylthio-4-(4’-tolyl)thiazole-5-acetic acid, 458. 


and 
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Methyl p-toluenesulphonimidosulphine-p-toluenesulphonyl- 4-Naphthylthiazole-5-acetic acids, 2-amino-, 458. 
imine, 674. Nickel, catalytic, reaction between acetylene and hydrogen op, 
(11-Methyl-4"'-tricosenyl)methyiinalonic acid, ethyl ester, 394. 133, 301. 
Methylxanthic acid, palladium salt, 686. 4-Nicotinamidoresorcinol, and its 3-benzoate, 438. 
9-Methylxanthine, synthesis of, from 1-methylglyoxaline-4:5- | Nicotine, study of, 603. 
dicarboxyamide, 232. Nicotyrines, amino-, and their salts and derivatives, 605. 
Molecular volume. See under Volume. Nitration, aromatic, by-products in, 378. 
Monolayers. See under Films. polyNitro-compounds, reduction of nitro-groups in, 454, 6¢3 
Morpholine, isothermals of, on silica gel, 366. 794. 
Morpholinophosphonic acid, dibenzyl ester, 662. Nitrogen tetroxide, vapour pressure of, effect of drying on, 449 
trioxide, vapour density of, effect of drying on, 449. 
N Nitro-groups, preferential reduction of, in polynitr. 
compounds, 454. 
4:5-1’:2’-Naphthacoumarone, 396). ; Non-2-en-4-yne-1:6-diol, and its bisphenylurethane, 80. 
1-Naphthaldehyde, 4-chloro-2-hydroxy-, 282. 
Naphthalene, derivatives, conjensation of aromatic acid Oo. 
chlorides with, 564. Obituary Notices :— 
2:3-derivatives, preparation of, 841. Max Bergmann, 716. 
Naphthalene, 1:4-diamino-, 793. Mary Boyle, 719. 
2-bromo-3-iodo-, 2-chloro-3-bromo-, and 3-chloro-2-nitro-, Sir John Jacob Fox, 719. 
842. . Ronald William Hamilton O’Donnell, 722. 
l-bromo- and 1:2-dibromo-4:5-dinitro-, and 2-chloro-4:5- John Keith Roberts, 74. 
dinitro-, 795. : Henry Julius Salomon Sand, 75. 
4-bromo- and 4-chloro-1:8-dinitro-, preparation of, 544. Clarence Smith, 723. 
1:8-dibromo- and 1:8-dichloro-3:6-dinitro-, 455. James Netherwood Sugden, 75. 
1:3:6:8-tetranitro-, preparation and reduction of, 454. Forsyth James Wilson, 725. 
Naphthalene-2-azo-f-naphthol, 3-bromo-, 842. Octa-2:6-dien-4-yne, 1:8-dichloro-, and 1:8-dihydroxy., di. 
7-nitro, 591. se acetyl derivative, 81. 
Naphthalene-1’:2-az0-1-naphthol, 3:3’-dinitro-, 452. _ | Octa-8:7-dien-5-yne, 2-mono- and 2:9-di-chloro-, and 24. 
1:5- and 1:8-Naphthalenediamines, preparation of, and their dihydroxy-, diacetyl derivative, 80. 
derivatives, 202. ; : ‘ ; Octa-1:7-dien-4-yne-3:6-diol, 80. 
Naphthalene-1-diazoacetate, 3-nitro-, reaction of, with sodium | Qeta-2:6-dien-4-yne-1:8-diol bisphenylurethane, 81. 
sulphite, 452. : : 5 j é Octahydroindole picronolate, 280. 
Naphthalene-1-diazonium chloride, 3-nitro-, reaction of, with | n-Qctane, isothermals of, and heat of sorption on silica gel, 363. 
sodium acetate, 452. on silica gel, 366. 
Naphthalenedi-m-nitrobenzenesulphonamides, 203. (+)8-Octanol, reaction of, with phosphorus oxychloride, effect 
Naphthalene-1:5-di-m-nitrobenzenesulphondimethylamide, 203. of pyridine on, 109. 
Naphthalenedi-p-toluenesulphonamides, 202, 203. with phosphorus tribromide, 850. 
Naphthalic anhydride, 3:6-dinitro-, preparation of, 590. 4*-Octene, 4-hydroxy-, 812. 
Naphtha-1’:2’:4:5-selenazole, 2-amino-4’-hydroxy-, acetyl de- 2-(4’~n-Octylbenzoyl)benzoic acid, 182. 
rivatives, 629. f-n-Octyloxypropionitrile, 536. 
Naptha-1’:2’:4:5-selenazoles, 628. i Olefins, a-methylenic reactivity in, 724. 
Naphtha-1’:2’:4:5-thiazole, 2-amino-4’-hydroxy-, 2:4’-diacetyl preparation of, from aldehydes and ketones, 715. 
derivative, 459. Oleic acid, methyl ester, autoxidation of, 836. 
Naphthoic acid, dichlorohydroxy-, 282. Oleodistearin, configuration of, 22. 
2-Naphthoic acid, 3-hydroxy-, ethyl ester, chlorination of, in | Qlivetol, synthesis of, 311. 
presence of sodium acetate, 280. Olivetolcarboxylic acid, and dibromo-, ethy] esters, 312. 
a-Naphthol, 4:6-dinitro-, 454. ; Orcinol, preparation of, 312. 
B-Naphthol, chlorination of, in presence of sodium acetate, 280. Organic compounds, spectra of, absorption, effect of molecular 
B-Naphthol, 4-mono- and 1:4-di-chloro-, 282. environment on, 432. 
B-Naphthol-1-sulphonic acid, 4-chloro-, 282. Oxalic acid, adrenaline salts, 928. 
10-Naphthoperinone, (6 or 7)-bromo-, and 6(or 7)-chloro-, 545. | 2-Oxy-3-diazotoluene, 5-nitro-, 665. 
a megg = chloride, condensation of, with, a-methylnaph- | Oxygen, dehydrogenation by, 657. 
thalene, 561. 
5-8-Naphthoylacenaphthene, 565. P 
6-8-Naphthoylperinaphthane, 566. 7 
B-Naphthoylpropionic acids, B-bromo-, 457. Palladium, catalytic, heat deactivation of, 713. 
B-Naphthyl dihy: en phosphate, 385. Palmitodistearin, melting and transition points of, 24. 
1-Naphthylamine, 2-bromo-3-nitro-, 842. Palmitoglycerides, oe of, 23. 
4-chloro-3-nitro-, 124. Parachor, calculation of, 236. 
2-iodo-3-nitro-, and 3-nitro-, mercuriacetates, 125. isoParaffins, parachor of, 239. 
3-nitro-, reactions of, 123. Paraxanthine, preparation of, 758, 760. 
4:5-dinitro-, preparation of, and its chromoisomerism, 543. Patulin, synthesis of, 571, 577. 
2-Naphthylamine, 3-bromo-, hydrochloride, 842. Penta-1:4-diene, 3-hydroxy-, acetyl derivative, 90. 
1-bromo-4:5-dinitro-, 795. . cycloPentadiene, reaction of, with phenyl isocyanate ani 
1-chloro-5- and -8-amino-, 1-chloro-8-bromo-, 2-acetyl deriv- stannic chloride, 730. 
atives, 1-chloro-5-bromo-, and 1-chloro-5- and -8-nitro-, 832. | Penta-2:4-dien-1-ol, and its a-naphthylurethane, 87. 
1-chloro-8-bromo-, and its acetyl derivative, 833. Pentamethylenetetrazole. See Cardiazole. 
4-nitro-, reactions of, 453. m=-Pentane, 1:5-dibromo-, 1:2:5-tribromo-, and_1:2:5-(r- 
7-nitro-, preparation of, and its salts, 590. hydroxy-, and its,triacetyl derivative, preparation of, 48. 
4:5-dinitro-, preparation of, from 1:3:8-trinitronaphthalene, 1-bromo-5-hydroxy-, 5-acetyl derivative, 51. : 
794. isoPentane, reaction of, with phenyl isocyanate and stannit 
4:6-dinitro-, 794. chloride, 729. 
panes a anil, 3-amino-, and its acetyl derivative, re tS nee acid, lactone of 
and 3-nitro-, % . 
1:8-Naphthylenediamine, 4-bromo-, and 4-chloro-, sulphates, | 4‘-Pentene, 1-bromo-, preparation of, 48. aot 
544. Pent-2-en-4-yne, 1-chloro-, and 1-hydroxy-, acetyl derivativé, 
3:6-dinitro-, 455. 80 


4-Naphthyl-2-methylthiazole-5-acetic acids, 458. Pent-2-en-4-yn-1-ol, and its a-naphthylurethane, 80. 
2-(2’-Naphthyl)phenylacetic acid, and its amide, 290. Per-acids as detoxicants for poisoned catalysts, 204. 
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Perimidine, 6(or 7)-bromo- and -chloro-, 545. 

Pethidine, analogues of, 315. 

9-Phenacylselenoisochromanium salts, 2-p-chloro-, optically- 
active, 41. 

9-Phenacyltelluroisochromanium salts, 2-p-chloro-, optically- 
active, 43. 

9-Phenacylthioisochromanium salts, 2-p-chloro-, optically- 
active, 40. 

9-Phenanthraldehyde, 1-hydroxy-, and its oxime, 398. 

Phenanthraquinone, dehydrogenation by, 657. 
reaction of, with ethylenes, 551. 

Phenanthraquinoneimine, reaction of, with aldehydes in 
sunlight, 197. 

Phenanthra-1’:2’:4:5-thiazole, 
acetyl derivative, 459. 

Phenanthra-4’:3’:4:5-thiazole, 
acetyl derivative, 459. 

Phenanthrene, 4-amino-, acetyl derivative, 398. 
3:6-dibromo-, 169. 

Phenanthrene-9-carboxylic acid, 3:6-dibromo-, 168. 

Phenanthrene-3:6-diamidine, 167. 

Phenanthrene-3:6-dinitrile, 169. 

Phenanthridine series, 294. 

m-Phenanthroline N-oxide, 377. 

m-Phenanthroline, 4-hydroxy-, synthesis of, 375. 

y-1-Phenanthrylbutyric acid, 291. 

4-Phenanthrylethylene, 3-hydroxy-, oxide, 399. 

p-Phenetidinoethanesulphonanilide hydrochloride, 466. 

5-o-Phenetylaminoacridine, and its hydrochloride, 550. 

Phenol, reaction of, with methyl alcohol in presence of 
alumina, 821. 

Phenyl 8-cyanoethyl ether, 920. 

Phenylacetonitrile, p-chloro-, preparation of, 352. 

5-Phenylaminoacridine hydrochloride, 550. 

B-Phenylaminoethanesulphonanilide, 467. 

B-Phenylaminoethanesulphon-p-toluidide, 
chloride, i 

§-Phenylaminoethanesulphonylanthranilic acid, hydrochloride, 

* 466 


2-amino-4’-hydroxy-, 2:4’-di- 


2-amino-l’-hydroxy-, 2:1’-di- 


and its hydro- 


Phenyl-8-aminoethylsulphone, p-amino-, and its dihydro- 
chloride, 828. 

2-Phenylaminopyridine, 5:2-4’-diamino-, 
amino-, and their acetyl derivatives, 592. 

Phenylisoamylsulphone, 2:5-dihydroxy-, and its diacetate, 17. 

8-Phenyl-y-p-anisylbutyric acid, y-cyano-, ethyl ester, 440. 

4-Phenyl-3-p-anisyl-1-ethylpiperidine, and its hydrochloride, 
440 


§-Phenylanthrone, 659. 

2-Phenylisoarsindoline, and its derivatives, 32. 

2-Phenyl-l-azapyrene, and its picrate, 398. 

Phenyl-f-benzamidoethylsulphone, p-amino-, and its acetyl 
derivative, 828.  - 

1-Phenylbenzisothiazolone, 4-chloro-, 407. 

3-Phenyl-1-benzyl-3-(8-hydroxyethyl)-2-pyrrolidone, 319. 

4-Phenyl-1-benzylpiperidine-4-carboxylic acid, ethyl] ester, 317. 

Phenylbenzylsulphone, p-amino-, 570. 

Phenyl-p’-bromophenacylsulphone, p-amino-, acetyl deriv- 
ative, 570. 

4-Phenyl-1-n-butylpiperidine-4-carboxylic acid, ethyl ester, 317. 

Phenylcarbamyl fluoride, and p-nitro-, 865. 

Phenylcetylsulphone, p-amino-, and its acetyl derivative, 570. 

Phenyl-o-chlorobenzylamine, 2:4-dinitro-, 294. 

Phenyl(chloromethyl)sulphone, p-amino-, and its acetyl 
derivative, 569.  - 

?-Phenylcoumarone-6-carboxylic acid, 4-hydroxy-, and its 
acetyl derivative, and their derivatives, 190. 

Phenyldi-(6’~dimethylamino-3’-pyridyl)methane, 4-amino-, and 
its benzoyl derivative, 861. 

8-Phenyldiethylamine, hydrochloride, 441. 

Phenyl-y-diethylaminopropylsulphone, p-amino-, 829. 

> Phenyl-2:3-dihydrophenanthroxazole, 2-hydroxy-2-p-chloro., 


6-Phenyl-2:2-dimethylpiperidine, salts, 919. 
3 ptenvlenedi(carbamyl fluoride), 865. 


openyl-2-y-ethoxypropyl-l-ethylpiperidine, 440. 


and 5-nitro-2-4’- 


Phenyl-y-(2-furyl)itaconic acids, ring closures 
with, and their derivatives, 189. 
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y-Phenyl-y-(2-furyl)pyroracemic acids, 190. 

B-Phenylglutarodiphenylmethylamide, ay-dicyano-, 847. 

3-Phenyl-1-cyclohexyl-3-( 8-hydroxyethyl)-2-pyrrolidone, 318. 

Phenylhydrazones, 2:4-dinitro-, spectra of, absorption, 498. 

3-Phenyl-3-(8-hydroxyethyl)-1-n-butyl-2-pyrrolidone, 318. 

3-Phenyl-3-(8-hydroxyethyl)-1-n-propyl-2-pyrrolidone, 318. 

9-Phenyl-10-hydroxy-10-methyl-9:10-dihydrophenanthridine, 
3:7-dinitro-, 299. 

2-Phenyl-3-keto-2:3-dihydrothionaphthen, 660. 

1-Pheny!-5-(4’-methoxyphenyl)-3-vinylpyrazoline, 129. 

2-Phenyl-2-methylisoarsindolinium salts, 33. 

(+)Phenylmethylearbinol, reaction of, with phosphorus tri- 
bromide, 852. 

(—)Phenylmethylearbinol, reaction of, with phosphorus 
oxychloride, effect of pyridine on, 110. 

1-Phenyl-5-(3’:4’-methylenedioxyphenyl)-3-vinylpyrazoline, 128. 

4-Phenyl-1-methyl-?-ethyldecahydroisoquinoline, and its 

icrate, 440. 

9-Phenyl-10-methylphenanthridinium salts, 7-amino-, di- 
amino-, 3-bromo-7-amino-, and dinitro-, 298, 299. 

4-Phenyl-1-methylpiperidine-4-carboxylic acid, amide 
esters of, 317. 

5-Phenyl-N-methyl-4-pyrimidones, 350. 

4-Phenyl-4’-methylselenazole-5-acetic acid, 2-amino-, 628. 

Phenylmethylsulphone, p-amino-, and its acetyl derivative 
and hydrochloride, 562. 

2-Phenyl-4-methylthiazole, 2-o-amino-, acetyl derivative, and 
2-m-amino-, and its acetyl derivative, and 2-2’:4’-dinitro-, 
185. 

4-Phenyl-2-methylthiazole-5-acetic acid, and 4-4’-chloro-, 
458 


and 


a-§-(4-Phenyl-2-methylthiazole)propionic acid, 458. 

1-Phenyl-3-methyl-4:5-2’:3’-thionaphthenopyrazole, 1-3’’- 
nitro-, 409. 

1-Phenyl-3(or 5)-methyl-4:5-2’:3’(or 3:4-3’:2’)-thionaphtheno- 
pyrazole, 1-2’’:4’’:6’’-trinitro-, and its S-dioxide, 409. 

2-Phenyl-8-naphthiminazole hydrochloride, 809. 

Phenylphenacylsulphone, p-amino-, and its acetyl derivative, 
570. 

§-Phenylphenanthridine, 3-7-diamino-, 3-bromo-7-amino-9-p- 
nitro-, 3-bromo-7:9-p-dinitro-, 7-nitro-, and dinitro-, and 
their derivatives, 298. 

Phenyl-f-phthalimidoethylsulphone, p-amino-, and its acetyl 
derivative, 827. 

4-Phenylphthalonitrile, and 4-p-nitro-, 411. 

y-Phenylpimelic acid, y-cyano-, ethyl ester, 440. 

4-Phenyl-1-n-propylpiperidine-4-carboxylic acid, ethyl ester, 
and its hydrochloride, 317. 

Phenyl-n-propylsulphone, p-amino-, 571. 

1-Phenyl-3:4-pyrazolo-3’:4’-tetrahydropyrane-2’(6’ )-carboxylic 
acid, 1-2’:4’’-dinitro-, ethyl ester, 576. 

Phenylpyridines, dibromo-, and dichloro-, 412. 

5-Phenylpyrimidine, 4-amino-, 4-chloro-, 2:4-dichloro-, and 

4-hydroxy-, and their derivatives, 347. 
4-amino-5-p-chloro-, -5-p-hydroxy-, and -5-p-nitro-, and 
their derivatives, 353. 

2-Phenylquinoline, 3-amino-, methochloride, and its 3-acetyl 
derivative, methosulphate, 869. 

4-Phenylselenazole-5-acetic acid, 2-amino-, 628. 

a-5-(4-Phenylselenazole)propionic acid, a-5-2-amino-, 628. 

Phenylsemicarbazide, 2:4-dinitro-, 714. 

as reagent for aldehydes and ketones, 713. 

N-Phenyltetra-acetyl-d-arabonyl imidochloride, 166. 

10-Phenyl-1:2:3:4-tetrahydroacridone, 187. 

2-Phenyl-5:6-(1’:2’:3’:6’-tetrahydro-1’-methyl-5’:4’-pyrido)- 
pyrimidine, 4-hydroxy-, 401. 

5-Phenyltetrahydropyrimidine, picrate, 350. 

2-Phenyl-1:2:3:4-tetrahydroisoquinoline, 2-p-nitro-, 36, 

2-Phenyl-5:6-(1’:2’:3’:6’-tetrahydro-1’:2’:6’-trimethy1-3’- 
carbethoxy-5’:4’-pyrido)pyrimidine, 4-hydroxy-, 401. 

— acid, 2-amino-, and its methyl ester, 


a-5-(4-Phenylthiazole)propionic acid, a-5-2-amino-, 458, 
9-Phenylthioxanthen, 659. 
B-Phenyltriethylamine, picrate, 441. 

‘-Phenylurea, N -nitro-N’-2:4-dinitro-, 621, 
B-Phenylisovaleric acid, preparation of, 924. 
9-Phenylxanthen, 9-p-bromo-, 659. 
9-Phenylxanthyl peroxide, and 9-p-bromo-, 660. 
Phormium tenaz, polyuronide hemicellulose of, 796. 
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Phosphorus halides, reactions of, with hydroxy-compounds, 
106, 848, 853. 
Phosphorus organic compounds, esters, 380, 873, 921. 
stereochemistry of, 65. 
Phosphoric acid, carbohydrate esters of, 874. 
Phosphorylation, 382, 660. 
Photochemical reactions in sunlight, 197, 551, 657. 
Phthalamide, 4-chloro-, 627. 
Phthalides, preparation of, by Diels—Alder reaction, 715. 
1-p-Phthalimidobenzenesulphonamido-1:3:4-triazole, 115. 
p-Phthalimidobenzenesulphonanilide, 115. 
p-Phthalimidobenzenesulphonyl chloride, 
synthesis of sulphanilamides, 114, 115. 
Phthalocyanines, green pigments, 409. 
on 6(or 7)-bromo-, and 6(or 7)-chloro-, 544, 


and its use in 


isoPhthalophenone, 2:2’-diamino-, 653. 
' Phthioic acid, structure of, 389. 
3-Picoline, 2-amino-, and its derivatives, 606, 607. 
Picramic acid, preparation of, 663. 
Picric acid, reduction of, 663. 
3-Picrylamino-4-hydroxypyridine, 314. 
isoPimpinellin, 542. 
Piperazine, derivatives, containing two quaternary nitrogen 
atoms, 833. 
Piperidine, derivatives, synthesis of, 438. 
Piperidine series, 399, 917. : 
8-Piperidinoethanesulphonanilide, hydrochloride, 466. | 
8-Piperidinoethanesulphonpiperidide hydrochloride, 467. 
a-(8’-Piperidinoethyl)-a-phenylbutyrolactone, 318. 
2-Piperidylphenylcarbinol, picrate, 918. 
8-Piperidylpropiophenone, phenylhydrazone, and its hydro- 
chloride, 128. 
Platinum, catalytic, poisoned, detoxicants for, 204. 
reaction between acetylene and hydrogen over, 305. 
Polarisation, concentration, in acid solution, 484. 
Polyene series, 77, 81, 84, 88, 90. 
Polyisoprenes, autoxidation in, 445. 
structure of, 211, 216. 
Potatoes, Q-enzyme of, amylolytic function of, 882. 
Pressure, low, isothermals at, 360. 
Progesterone, synthetic analogues of, 536. 
Proline, hydroxy-, stereochemistry of, 429. 
l-(—)hydroxy-, preparation of, 430. 
l-(—)allohydroxy-, 432. 
Propamidine, dibromo-, hydrobromide, di- and tetra-bromo- 
complexes of, 872. 
cycloPropanealdehyde, nitrophenylhydrazones, 60. 
synthesis of, 61. 
p-n-Propanesulphonylbenzamidine hydrochloride, 637. 
p-n-Propanesulphonylbenzonitrile, 637. 
Propenylethynylcarbinol, ethers from, 81. 
a-naphthylurethane, 83. 
resolution of, and its hydrogen phthalates, 273. 
isoPropenylethynylcarbinol a-naphthylurethane, 87. 
Propenylvinylcarbinols, esters and ethers of, 88. 
n- and iso-Propenylvinylearbinols, a-naphthylurethanes, 86. 
a- and f-isoPropoxycrotonic acids, 388. 
8-isoPropoxypropionitrile, 536. 
§-Propylaminoacridines, and their hydrochlorides, 550. 
a(f’=n-Propylaminoethyl)-a-phenylbutyrolactone, and its hydro- 
chloride, 318. 
B-4-isoPropylbenzoylpropionic acid, B-bromo-, 457. 
Propylene, reaction of, with phenyl isocyanate and stannic 
chloride, 730 
Propylethylene oxide, 3-bromo-, 50. 
Propylisoeugenols, 490. 
16-isoPropylidene-4**-anhydrostadiene, 27. 
16-isoPropylidene-4**-androstadien-17-one, and its derivatives, 
25. 
16-isoPropylideneandrostene, derivatives of, 25. 
16-isoPropylidene-4°-androsten-3-ol-17-one, preparation of, 
and its derivatives, 25. 
tsoPropylideneglucoturanose sulphates, hydrolysis of, 119. 
4-(4’~isoPropylphenyl)-2-methylthiazole-5-acetic acid, 458. 
n-Propylxanthic acid, palladium salt, 686. 
Puma. See Feliz concolor. 
Purine nucleosides, synthesis of, 556. 
Pysazoles, amino-, sulphanilamides of, 114. 
Pyrazolines, ring formation in, 126. 
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Pyrene, catalytic hydrogenation of, 286. 

nitrogenous analogues of, 395. 
Pyrethrins, synthesis of, 283. 
Pyrethrolone,. structure of, 412. 
Pyridine, derivatives of, 927. 

reaction of, with phosphorus oxychloride, 110. 
Pyridine, 4-chloro-3:5-dinitro-, 314. 
2-Pyridino-3-phenylphenanthro-9’:10’-1:4-dioxan, 553. 
5:6:2’:3’-Pyridoquinoline, 4-hydroxy-, synthesis of, 375. 
Pyridyl-o-aminophenol, dinitro-, 314. 
N-(4’-Pyridyl)anthranilic acid, 927. 
4-Pyridylphthalic acid, ethyl. esters, 412. 
Pyridylphthalimides, 412. 
4-Pyridylphthalonitriles, 411. 
Pyrimidines, synthesis of, 347, 352. 
y-Pyrones, hydrogenated, 571. 
Pyrrole, formation of, from furan, 63. 


Q. 


Quinaldize, 3-amino-, methochloride, 869. 

5- and 8-amino-4-hydroxy-, 4:8-dichloro-, 4-chloro.s. 
amino-, 4-chloro-5-, -6-, and -8-nitro-, and: 8-nitro-4-hyd;. 
oxy-, 416. J 

4-chloro-, and 4-hydroxy-, nitration of, 415. 

Quinamicine, and its derivatives, 527. 

Quinamine, and its salts and derivatives, 524, 528. 

Quinamine, nitro-, and nitronitroso-, 529. 
nitroso-, acetyl derivative and picrate, 526. 

apoQuinamine, and its derivatives, 526. 

Quinoline, derivatives of, 927. 
nitration of, 378. 

Quinoline, 3-amino-, derivatives of, 867. 
5-amino-4-hydroxy-, and 4:5-dihydroxy-, 377. 
5-chloro-6:8-dinitro-, and dinitrohydroxy-derivatives, 379. 
5-nitro-6-amino-, hydrochloride, 701. 

Quinoline-2-aldehyde, 3-amino-, 3-acetyl derivative, and its 
derivatives, 869. 

Quinoline-2-carboxylic acid, 5-amino-4-hydroxy-, and its 
acetyl derivative, ethyl ester, 377. 

N-(3’-Quinolyl)anthranilic acid, 928. 

Quinoxaline, 2-amino-, 2:3-diamino-, 2-chloro-, and 2-hydroxy,, 
624. 

Quinoxalines, 699. 
substituted, syntheses of, 622. 

Quinoxaline-3-carboxylic acid, 2-amino-, 2-chloro-, 2-hydroxy., 
and their derivatives, 623. 

Quinoxaline-2:3-dicarboxylic acid, alloxazine synthesis from, 
and its derivatives, 229. 

Quinoxalocyclopentadienes, 699. 


Reactions, exchange, kinetics of, 586, 

in monolayers, 423. 
Reduction by dissolving metals, 809. 
Resorcinol, 6-amino-, 3-benzoate, 437. 
Rhizobium radicicolum, capsular polysaccharide of, 776. 
N-(d-Ribityl)-p-toluidine, 167. 
Riboflavin, synthesis of, 165. 
d-Ribono-p-toluidide, and its tetra-acetyl derivative, 167. 
Richter reaction, cinnoline synthesis by, 512. a 
Rubber, addition to, of dithiocyanogen and thiocyanic acid, 

247. 
reaction of, with keten, 245. 


d-Sabinol, reduction of, 811. 
Salts, dissociation of, in water, 460. 

Sandmeyer reaction, 545, 819. : } 
Selenoisochroman, preparation and properties of, and i 


derivatives, 37. 

Selenoisochromanium d-bromocamphorsulphonate, 
oxy-, 41. ia 

Sempervirine, and its derivatives, 582. 


2-bydr- 
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gilver organic compounds :— 
Silver benzyl tsoamyl phosphate, 385. 
dibenzyl a mate 384, 
Disilver B-hydroxyethyl and f-hydroxypropyl phosphates, 
385. 
Sodium borate, equilibrium of, with sodium carbonate and 


water, 476. 
carbonate, equilibrium of, with sodium borate and water, 


476. 
sulphide, reduction by, of di- and tri-nitronaphthylamines, 
794 


Solids, porous, adsorption by, of condensable vapours, 366, 
769, 773. , 
Solubility, relation of, to dissociation constant and pH value of 
solvent, 593. 
Solutions, aqueous—alcoholic, surface tension of, 98. 
Sorbic acid, propargyl ester, 715. 
Spectra, absorption, 490, 498. 
of acridines, 441, 760. 
of 1:7-dialkyl-guanines and -xanthines, 754. 
of organic compounds, effect of molecular environment on, 
432. 
of terpenoid compounds, 95. 
Par ve of cresols and xylenols, 268. 
vibrational, of esters and ketones, 640. 
Spelter, determination in, of aluminium, 300. 
Stannic chloride. See under Tin. 
Starch, degradation and synthesis of, by enzymes, 877, 882. 
Steroids, molecular rotation difference method applied to, 813. 
Sterols, natural, and their derivatives, 813. 
synthesis of substances related to, 582. 
cis-Stilbene-a-carboxylic acid, 4:4’-dibromo-2’-amino-, 
-2’-nitro-, 168. 
Structure, molecular volume and, 236. 
Styrylquinolinium compounds, 18. 
Succinanilic acid, 4-sulphon-(2’-cyanophenyl)amide, 863. 
Succinic anhydride, mono- and di-substituted derivatives, 
condensation of, with aromatic hydrocarbons by Friedel— 
Crafts reaction, 922. 
Sucrose, conversion of, into furan compounds, 1. 
Sugars, osazones of, 783. 
Sulphadiazine, solubility of, for various pH values, 594. 
Sulphanilamides, synthesis of, 114. 
o-Sulphanilamidobenzamide, and its acetyl derivative, 863. 
Sulphanilamidobenzoic acids, amides, methyl esters, and 
nitriles, and their'acetyl derivatives, 732, 737, 738. 
p-Sulphanilamidobenzyl cyanide, and its acetyl derivative, 863. 
4-Sulphanilamido-N-benzylbenzamide, and its N‘-acetyl de- 
rivative, 737. : 
Oa ae eT hemetapenen, and its N*-acetyl deriv- 
ative, 243, 
ot Sulphanilamidobensyipyeidine, and its N*-acetyl derivative, 


4-Sulphanilamido-N-n-butylbenzamide, and its N*-acetyl de- 
rivative, 737. 


*Sulphanilamido-N N-diethylbensamide, N‘*-acetyl derivative, 
4-Sulphanilamido-N N-dimethylbenzamide, and its N*-acetyl 


derivative, 737. 

B-Sulphanilamidoethanesulphonanilide, 467. 

B-Sulphanilamidoethanesulphon-~p-anisidide, 467. 

B-Sulphanilamidoethanesulphon-p-phenetidide, 467. 

N-(Sulphanilamidoethanesulphonyl)anthranilic acid, 467. 

sr o-N-ethylbenzamide, and it N*-acetyl deriv- 

ive, ‘ 

Sulphanilamidomethoxyphenyl cyanides, and their acetyl 
Gerivatives, 864. 

4-Sulphanilamido-N-methylbenzamide, and its N‘-acetyl de- 
Tivative, 736. 

4-Sulphanilamido-N N-pentamethylenebenzamide, and its N*- 
acetyl derivative, 737. 

Sulphanilamidophenyl cyanides, and their derivatives, 861. 

‘Sulphanilamido-N-phenylbenzamide, and its N*-acetyl 
derivative, 737. 

4-m-Sulphanilamidophenyl-2:6-dimethylpyridine, and its N*- 
acetyl derivative, 185. 

4-Sulphanilamidophenyl-2:6-dimethylpyridine-:5-dicarboxylic 

Pe ethyl esters, and their N*-acety] derivatives, 184. 
™-Sulphanilamidophenyl~4:6-dimethylpyrimidine, and its N*- 
acetyl derivative, 185. 


and 
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2-Sulphanilamidophenyl-4-methylthiazoles, and their N*-acety] 
derivatives, 185. 
Sulphanilamidophenylpyridines, 184. 
4-Sulphanilamido-N-n-propylbenzamide, 
derivative, 737. 
Sulphanilamido-4-a-pyridyldiphenyls, 
derivatives, 184. 
Sulphanilic acid, p-amino- and hydroxy-pheny] esters, 470. 
anisyl esters, 15. 
2-Sulphanilimido-1-henzyl-1:2-dihydropyridine, 243. 
Sulphapyridine, alkyl derivatives of, 242. 
Sulphonacetamides, preparation and properties of, 234. 
Sulphonamides, 732, 736. 
from substituted anilines, 182. 
separation of, from N-alkylsulphonamides, 234. 
at caine eae seme and its 3-benzoate, 


and its N*-acetyl 


and their N*-acetyl 


m-Sulphonamidobenzoic acid, ethyl ester, 242. 
p-Sulphonamidobenzylaniline, 240. 
N-p-Sulphonamidophenyl-V wnareteenemitios, 689. 
Sulphones, containing p-aminopheny up, 630. 
related to benzamidine and benzylamine’ 633. 
Sulphones, diamino-, synthesis of, 826. és 
p-Sulphonguanylamidobenzylaniline, 242. 
p-Sulphonmethylamidobenzylaniline, 242. 
p-Sulphon-2’-pyridylamidobenzylaniline, 242. 
p-Sulphon-2’-thiazolylamidobenzylaniline, 242. 
Sulphonyl chlorides, reaction of, with dimethoxybenzenes, 14. 
with potassium ethyl xanthate, 680. 
Sulphur organic compounds, 198. 
Surtaces, freshly-formed, properties of, 98, 354. 
Surface tension of aqueous—alcoholic solutions, 98. 


. Tt. 


Taurinamide, derivatives, synthesis of, 464. 
Tautomerism, mesohydric, 806. 
thiono-thiol, 198. 
cycloTelluributane dihalides, 13. 
elluripentane dihalides, 13. 
cycloTellurobutane, synthesis of, 11. 
Telluroisochroman, preparation and properties of, and ite 
derivatives, 37. 
cycloTelluropentane, synthesis of, 11. 
1:4-Telluroxan, synthesis of, and its derivatives, 11. 
Terpenoid compounds, spectra of, absorption, 95. 
Tetraethylethylenediamine, 829. 
Tetrahydroacridine, and 5- and 7-amino-, and 7-chloro-, 21. 
1’:2’:3':4’-Tetrahydro-3:4-benzpyrene, hydroxylation of, 143. 
1’:2’:3':4-Tetrahydro-3:4-benzopyrene, 1’-hydroxy-, and its 
acetyl derivative, 146. 
Tetrahydrocarbazole, 5-bromo-, 533. 
6-bromo-, picrate, 5:8-dichloro-, and 5-nitro-, 532. 
Tetrahydrocarbazoles, dehydrogenation of, by chloranil, 530. 
Tetrahydrochelidonic acid, and its methy] ester, 575, 576. 
Tetrahydtocomanic acid, and its derivatives, 574. 
4:5:6:7-Tetrahydro-@’:5’:9’:10’-dibenzomesobenzanthrone, 565. 
Tetrahydroturan, and its derivatives, fusion of, 48. 
Tetrahydroturans, 2:5-disubstituted, and their fission products, 
1 


cis-Tetrahydroturan-2:5-dicarboxylic acid, amide and ethyl 
ester, 4. 

Tetrahydrofurfuryl alcohol, catalytic decomposition of, over 
nickel catalysts, 52. 

Tetrahydrofuroic acid, methyl ester, catalytic decomposition 
of, 58. 

Tetrahydrofuronitrile, catalytic decomposition of, 58. 

Tetrahydroturyl tetrahydrofurfury! ether, 56. 

5:6-(1’:2’:3’:6’-Tetrahydro-1’-methyl-5’:4’-pyrido)pyrimidine, 
2-amino-4-hydroxy-, and 2:4-dihydroxy-, hydrochloride, 
401. 

1:2:3:4-Tetrahydro-3-naphthoic acid, 1:1:3:4-tetrachloro-, ethyl 
ester, 283. 

Tetrahydropyran, fission of, 48. 

Tetrahydro-y-pyranol-2-carboxylic acid, and its ethyl ester, 
574, 575. 

Tetrahydro-y-pyranol-2:6-dicarboxylic acid, and its ethyl ester, 
575. 


Tetrahydropyrethrolone acetate, and its semicarbazone, 414. 
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Tetrahydroapoquinamine picrate, 527. 
1:2:3:4-Tetrahydrotsoquinoliues, 2-substituted, preparation of, 
34 


a-Tetralone, condensation of, with 8-m-methoxyphenylethyl- 
magnesium chloride, 292. . 

1c 7h cece tte aan ieaindion ene 

cis-9:12:13:14-Tetramethoxy-3:4:5:6-dibenz-4*:5~cyclohepta- 
diene, 1:2-dihydroxy-, 180. 

9:12:13:14-Tetramethoxy-3:4:5:6-dibenz-4!:*>-cyclohepta- 
trien-7-one, 180. F 

4:5:6:6’-Tetramethoxydiphenic acid, 179. 

2:3:4:7-Tetramethoxy-10-phenanthraldehyde, and its oxime, 
180. 

Tetramethoxyphenanthraquinones, and their diazines, 179. 

2:3:4:7-Tetramethoxyphenanthrene-10-carboxylic acid, and its 
derivatives, 178. 

Tetra-(4)-methoxyphenylphthalocyanine, and its copper salt, 
411. 

Tetramethylacetonedicarboxylic acid, 709. 

2:13:17:21-Tetramethyldocosanoic acid, and its amide, 395. 

Tetramethylethylene, reaction of, with phenyl isocyanate and 
stannic chloride, 730. 

3:3:5:6-Tetraphenyl-1:4-dioxen, 553. 

Tetra-(4)-phenylphthalocyanine, and its copper salt, 411. 

2:3:4:5-Tetraphenylthiophen nonasulphide, 680. 

Tetra-(4)-pyridylphthalocyanine, and its copper salt, 412. 

Thianthren, 1:5-dichloro-, 901. 

Thiazinocyanines, 222. 

Thiazoles, polycyclic, 455. 
sulphur derivatives of, 925. 

5-(2’-Thiazolylamino)-7-methoxyacridine, 2-chloro-, 699. 

B-2-Thienoylpropionic acid, B-bromo-, 457. 

4-(2’-Thienyl)-2-methylthiazole-5-acetic acid, 458. 

4-2’-Thienylthiazole-5-acetic acid, 2-amino-, 458. 

Thiobenzamide, 2-m-amino-, acetyl derivative, 185. 

Thioisochroman, preparation and properties of, 37. © 

Thioisochromantoluene-p-sulphonylimine, 40. 

— acid, reaction of, with unsaturated hydrocarbons, 

7 


Thioindigos, chloro-, 903. 
dichloro-, 907, 909. 
Thioindirubin, 7-chloro-, 903. 
Thioindirubins, dichloro-, 907, 909. 
Thioindoxyl, 4- and 7-chloro-, 900, 901. 
1-Thionaphthen, 5-chloro-l-amino-, 3-acetyl derivative, 407. 
Thionaphthenopyrazoles, formation of, ‘* ortho-effect ’’ in, 408. 
Thionaphtheno-7’:6’:4:5-thiazole, 2-amino-4’-hydroxy-, 2:4’. 
diacetyl derivative, 460. 
Thionaphthenquinones, chloro-, and their anils, 901. 
8-Thionaphthol, detoxication of, 206. 
: ve reactions of, with hydroxy-compounds, 106, 
Thiophen, detoxication of, 206. 
l-a-Thujene nitrolpiperidine, 811. 
Tilden Lectures, 65, 249, 258. 
Tin * 


Stannic chloride, catalytic action of, 724. 
Toluene, isothermals of, and head of sorption on ferric oxide 
and silica gels, 362. 
on silica gel, 366. 
Toluene-2-sulphinic acid, 4-nitro-, 685. 
4-p-Toluenesulphonamidoanisole, 3:5-dinitro-, 792. 
2-p-Toluenesulphonamidobenzocinnoline, 825. 
3-p-Toluenesulphonamido-1:2-benzphenazine, 793. 
o-(p-Toluenesulphonamido)diethylaniline, 696. 
1-p-Toluenesulphonamidonaphthalene, 4-amino-, and its acetyl 
derivative, 792. 

(2 or 3)-nitro-4-amino-, and its acetyl derivative, 293. 
4-p-Toluenesulphonamido-1:2-naphthaquinone, 793. 
3-p-Toluenesulphonamidoquinaldine, 870. 
6-p-Toluenesulphonamidoquinoline, 6-o-nitro-, and 5:6-o- 

dinitro-, 701. 


Toluenesulph lamin 
so —_ phon-(-diethy’ oethyl)amidobenzocinno- 


p-Toluenesulphon-(f-diethylaminoethyl)anilide, picrate of, 825. 
nent y-diethylaminopropyl)amidobenzo- 


p-Toluenesulphonic acid, o-anisyl ester, 16. 
3-p-Toluenesulphonmethylamidoquinaldine, 870. 
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p-Toluenesulphon-2-naphthalide, 4-nitro-, 1:4-di-, and 1:44. 
tri-nitro-, 454. 

p-Toluenesulphonylanthranilyl chloride, 652. 

1-p-Toluenesulphonylbenzisothiazolone, condensation of, with 
acetic anhydride and potassium acetate, 407. 

N-Toluene-p-sulphonyl-N’-phenylformamidine, 688. 

2-p-Toluenesulphonylquinol, 633. 

B-p-Toluidinoethanesulphon-p-toluidide hydrochloride, 467, 

p-Toluidinoleptospermone, 708. 

p-Tolylacetamidoacetonitrile, 620. 

5-Tolylaminoacridines, and their hydrochlorides, 550. 

p-Tolylcarbamy]l fluoride, 865. 

4-(4’-Tolyl)-2-methylthiazole-5-acetic acid, 458. 

1-p-Tolyl-3-methyl-4:5-2’:3’-thionaphthenopyrazole, 409. 

N-(p-Tolyl)tetra-acetyl-d-arabonyl imidochloride, 167. 

4-4’-Tolylthiazole-5-acetic acid, 2-amino-, 458. 

9-o-Tolylxanthen, 659. 

1-Tosyl 2:4:5-triacetyl mannitan, 7. 

Tragacanthic acid, 739. 

4:4’:4’-Triacetyltriphenylethylene, 538. 

5-Tribenzcyclododecatriene, 29. 

BB’ B’”’-Tri(benzthiazole-1-thio)triethylamine, and its platini. 
chloride, 713. 

Tri-a-carbethoxyethyl phosphate, 857. 

Tri-(a-carbethoxyethyl) phosphite, 855. 

aay-Triethoxy-8-bromobutane, 597. 

Triethyl phosphite, preparation of, 381. 

Triethylamine, isothermals of, on silica gel, 366. 

Triethylamine, trichloro-, reaction of, with 1-thiolbenzthiazole, 
713. 

2:4:6-Triketo-3:3:5:5-tetramethylcyclohexanol, 709. 

1:2:4-Triketo-3:3:5:5-tetramethylcyclopentane, and its deriv. 
atives, 709. 

2:4:4’-Trimethoxydiphenylsulphone, 15. 

3:6:9-Trimethylisoalloxazine, 700. 

Trimethylamine, compounds of, with boron halides, physical 

data for, 152. 

oxide, physical data for, 152. 

2:3’:4’-Trimethylbenzophenone, 30. 

2:2:4-Trimethyl-1:2-dihydrofluoranthene, 9. 

2:3’:4’-Trimethyldiphenylmethane, 30. 

13:17:21-Trimethyldocosanoic acid, 395. 

11:15:19-Trimethyleicosa-1:11-diene, 395. 

(11:15:19-Trimethyl-4""-eicosenyl)methylmalonic acid, ethy! 
ester, 395. 

Trimethylethylene, reaction of, with phenyl isocyanate and 
stannic chloride, 729. 

2:3:4-Trimethyl-5-fuconolactone, 748. 

2:3:4-Trimethyl /-fucose, 747. 

2:3:4-Trimethyl /-fucose anilide, 748. 

tea ean tiene egress: acid, ethyl ester, 
395. 

= :5’-Trimethy!-4"’-cyclohexenyl)hex-1-yne, 1-3’-hydroxy-, 


1.(8' :5’:5’-Trimethyl-4*-cyclohexenyl)hex-l-yne, 1-1’-hydroxy-, 


Trimethyl a-methyl-/-fucoside, 743, 747. 
2:3:4-Trimethyl 8-methyl-d-fucoside, 748. 
2:6’:8’-Trimethylnaphtha-1’:2’:4:5-thiazole, 4’-hydroxy-, and 
its acetyl derivative, 459. 
Trimethylphosphine, compound of, with boron trichloride, 150. 
3:3:5-Trimethylphthalide-7-carboxylic acid, 715. 
2:2:4:-Trimethyl-1:2:3:4-tetrahydrofiuoranthene, 9. 
3:13:19-Trimethyltricosanoic acid, and its amide, 395. 
(+-)Tri-B-octyl phosphate, 109. 
3:4:5-Triphenylcyclohexanone-2-carboxylic 
ethyl ester, 439 
Triphenylmethane, pyridyl analogues of, 858. 
Triphenylmethyl bromide, stannic bromide compound of, 50%. 
Triphenylphosphine, and its derivatives, physical data for, 15). 
compound of, with boron trichloride, 150. 
1:3:5-Tri-(2’-pyridyl)trimethylenetriamine, 860. 
8-Tris-2:3-thiocoumaronobenzene, 912. ; ; 
—— properties and structure in phenanthridine series, 


acid, 4-cyano, 


U. 

Umbellulone, spectrum of, absorption, and its derivatives, %. 

Unsaturated compounds, addition of halogens to, 129, 131, 50 
1. 
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Vv. 
Valeraldehyde, 5-hydroxy-, 57. 
Valeric acid, 8-bromo-a-hydroxy-, and its a-acetyl derivative, 
methyl ester, 51. 
Vapours, condensable, absorption of, by porous solids, 366, 
769, 773. 
Velocity of reaction, exchange, 586. 
6-Veratroylpropionic acid, 8-6-amino-, ethyl ester, 524. 
Vinylacetanilide, olefinolysis of, 730. 
stannic chloride complex of, 731. 
Vinylacetylearbanilide, 731. 
1-Vinylcyclohexanol, 812. 
3-Vinylquinuclidinecarboxylic acid, and its salts, 527. 
Vitamin-A, conversion of B-carotene into, 554. 
Vitamin-B group, syntheses in, 165. 
Volume, molecular, structure and, 236. 


W. 


Water, isothermals of, and heat of sorption on silica gel, 361. 
and of deuterium oxide, on porous solids, 372. 


Xanthic acid, derivatives, chemistry of, 666, 674, 677, 680. 
esters and salts of, 671. 
0-ethyl S-benzoyl ester, and its derivatives, 679. 
potassium ethyl ester, reaction of, with carboxyl chlorides, 
677. 
with sulphony] chlorides, 680. 
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—" synthesis of, from glyoxaline-4:5-dicarboxyamide, 
2 


9-Xanthylthioxanthhydrol, 553. 

Xylenols, spectra of, infra-red, 268. 

9-d-Xylopyranosido-2-methylthioadenine, synthesis of, end its 

conversion into 9-d-xylopyranosidoadenine, 556. 

9-triacety] derivative, 561. 

9§-d-Xylopyranosido-2-methylthiohypoxanthine, 560. 

Xylose, determination of, 738. 

6-d-Xylosidamino-2-methylthio-9-methylpurine, 561. 

6-d-Xyiosidamino-2-methylthiopurine, and its 6-triacetyl de- 
rivative, 560, 

4-d-Xylosidamino-2-methylthiopyrimidine, 6:5-diamino-, 5- 
formyl and 5-thioformy] derivatives, and their 4-triacetyl 
derivatives, 560, 561. 

4-d-Xylosidamino-2-methylthiopyrimidine-I, 
amino-, and its 4-triacetyl derivative, 559. 

4-d-Xylosidamino-2-methylthiopyrimidine-I1, 6-amino-, 6-acetyl 
derivative, and its 4-triacetyl derivative, and 5-nitroso- 
6-amino-, 559. 

o-Xylylene dibromide, reaction of, with sodium, 27. 

N-(0-4-Xylyl)tetra-acetyl-d-arabonyl imidochloride, 167. 


5-nitroso-6- 


a 
Yeast-ribonucleic acid, constitution of, 172. 


Z. 
Zinc halides, transport numbers of, 191. 
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FORMULA INDEX. 


Tue following index of organic sagem of known empirical formula is arranged according to Richter’s 
system (see le der Kohlenstoff-Verbindungen). 

The elements are given in the order, C, H, O, N, Cl, Br, I, F, 8, P, and the remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to thé number of carbon atoms (thus C, group, C, group, etc.). 

Secondly, according to the number of other elements besides carbon contained in the molecule (thus 5 IV 
indicates that the molecule contains five carbon atoms and four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in the above order). 

Fourthly, according to the number of atoms of each single element (except carbon) present in the molecule. 

Salts are placed with the compounds from which they are derived. The chlorides, bromides, iodides, 
and cyanides of quaternary ammonium bases, however, are registered as group-substances. 


C, Group. 
CHN Hydrogen cyanide, studies on, 866. 


C, Group. 
C.H, Acetylene, reaction of, with hydrogen, metal-catalysed, 133, 301, 305, 470. 


20 


C.H,0 Keten, reaction of, with acetone and olefinic peroxides, 244. 
C,H,;N Methyl cyanide, reaction of, with hydrogen chloride, 866. 


‘ 2 
C.H,I.Te Di-iodomethy] telluride, 14. 
C.H,1,Te Di-iodomethy] telluridi-iodide, 14. 
C.H;NCl, Acetamido dichloride, 866. 
2IV 


C.H,0,PAg, Disilver 8-hydroxyethyl phosphate, 385. 


2V 
C.H;0,NC1LS 8-(N-Dichloro)aminoethyl hydrogen sulphate, sodium salt, 714. 


C, Group. 
C,;H,N Acrylonitrile, reaction of, with aliphatic alcohois, 535. 


ved 


C,H,O, Methylglyoxal, determination of, and its reaction with hypoiodite, 162. 
C,;H,0 Acetone, condensation of, with fluorene, 7. 


3 I 
C;H,NI f-lodoethyl cyanide, 793. 
C,;H,OS, O-Methy] S-methyl xanthate, 674. 


C,H,0,NS Cysteine, detoxication of, 763, 766. 
C,H,0,PAg, Disilver 8-hydroxypropy! phosphate, 385. 
C1,PB Trimethylphosphine-boron trichloride, 150. 


C, Group. 


C,H.N, §-Cyanoethylmethylamine, and its picrate, 401. 
C,H,N, Amino-3-methylpyrazoles, and their salts, 115. 


4 
C,H,0.Br «a-Bromocrotonic acid, reactivity of, 385. 
eae Dimethyl] Lor meengieener vegan 676. 


C.H.N a-Chloroethylidene acetamidine, and its hydrochloride, 866. 
C,H,OTe 1:4-Telluroxan, 11. 


C,H,,0,Te Telluroxan dihydroxide, 13. 
C,H,,0,P Diethyl hydrogen phosphite, 381. 


GeeeO8 Pd Palladium bismethylxanthate, 686. 

C,H,N,CIS, 2-Amino-5-thiol-4-methylthiazole hydrochloride, 927. 
C,H,OCI1.Te Telluroxan dichloride, 13. 

C,H,OBr.Te Telluroxan dibromide, 13. 

GH.OT Ne Telluroxan di-iodide, 13. 


C,H,O Telluroxan hydroxy-nitrate, 13. 
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C,H,.0. Diethyl chlorophosphonate, 381. 
" Diethyl sulphide—boron trichloride, 151. 
C,H,,0. Diethyl aminophosphonate, 662. 


C,; Group. 
C;H,Cl 1-Chloropent-2-en-4-yne, 80. 
C,H,O Pent-2-en-4-yn-1-ol, 80. 
C,H,O, «a-Methoxycrotonic acid, 387. 
C,H,O Penta-2:4-dien-l-ol, 87. 
C;H,,.0, Xylose, determination of, 738. 


C,H,ON, 3-Methylpyrazole-5-carbazide, 115. 

C,H,O.N, 4-Nitro-l1-methyliminazole-5-carboxylic acid, 757. 

C;H,O.N, Glyoxaline-4:5-dicarboxyamide, 233. 
5H, Tetrahydrofuronitrile, 59. 

C,H,ON, 3-Methylpyrazole-5-carbohydrazide, 115. 

C,;H,OBr 3-Bromopropylethylene oxide, 50. 

C,H,O,N a-Methoxycrotonamide, 388. 

C,H,0,Br a-Bromomethyl-n-butyric acid, 706. 

C,H,O,N Hydroxyproline, stereochemistry of, 429. 

C,H,O,Br 8-Bromo-a-hydroxyvaleric acid, 51. 

C;H,,08, SS’-Diethyl dithiocarbonate, 674. 
O-Ethyl S-ethyl xanthate, 674. 

C;H,,0,N, N-Methylsuccinamide, 628. 


C,H,0,N,Cl 4-Chloro-3:5-dinitropyridine, 314. 

C;H,O,N,€1 4-Nitro-1-methyliminazole-5-carboxylic chloride, 757. 
C,H,0,Cl,P (-+)a-Carbethoxyethoxyphosphorus dichloride, 854. 
C,H,,0ITe Telluroxan methiodide, 14. 

C;H,,0,NP Diethyl methylaminophosphonate, 922. 


C, Group. 


C,H,O, 2:3-Diketo-4-acetyltetrahydrofuran, 578. 
C,H,Cl 2-Chlorohex-3-en-5-yne, 80. 
C,H,O 3-Methylpent-2-en-4-yn-1-ol, 93. 
3-Methylpent-4-en-1l-yn-2-ol, 93. 
C,H,Cl, 2:5-Dichlorohexa-1:3-diene, 81. 
C.H..0 Hexa-3:5-dien-2-ol, 87. 
3- 


ethoxypenta-1:4-diene, 90. 
2-Methylpenta-2:4-dien-l-ol, 87. 
isoPropenylvinylcarbinol, 86. 

C,H,,0, a-Ethoxycrotonic acid, 388. 

Methyl a-methoxycrotonate, 388. 

C,H,,0, 5-Hydroxymethyltetrahydrofuran-2-carboxylic acid, 3. 
tsoMannide, constitution of, 4. 
Tetrahydro-y-pyranol-2-carboxylic acid, 575. 

C,H,oN, Cardiazole, synthesis of, 929. 

C,H,,0, 2:5-Bishydroxymethyltetrahydrofuran, 2. 

B-Methy1-l-arabopyranoside, 751. 

Glucose, condensation of, with £-diketones, 116. 
Diethylaminoacetonitrile, and its picrate, 696. 
B-Diethylaminoethylamine, and its salts, 696. 


6 I 
C,H,0,N, Methyl 4-nitro-1-methyliminazole-5-carboxylate, 759. 
C,H,ON, 3-Cyario-l-methyl-4-pyrrolidone, 402. 
C.H,0.N 1-Methylglyoxaline-4:5-dicarboxyamide, 233. 
C,H,0, 2:5-Dichloro-1:4-3:6-dianhydromannitol, 6. 
C,H,O,N, 4-Nitro-1-methyliminazole-5-carboxymethylamide, 757. 
5-(8-Thiolethyl)-4-methylthiazole, 927. 
ON, 4-Amino-1-methyliminazole-5-carboxymethylamide, and its salts, 758. 
C,H,,OS 3-Keto-4-ethyltetrahydrothiophen, 706. 
C,H,,0,N, 1-Methyl-4-pyrrolidone-3-carboxyamide, 402. 
‘ 00,0], 1:2:5:6-Tetrachloromannitol, 6. 
C,H,,0,8, Diethyl disulphurdicarbothionate, 676. 
s6H,0,N, cis-Tetrahydrofuran-2:5-dicarboxyamide, 4. . 
C,H,,ON £-isoPropoxypropionitrile, 536. 
C,H,,0,N 5-Hydroxymethyltetrahydrofuran-2-carboxyamide, 3. 
4-Methoxy-l-( —)proline, 431. 
C,H,,0,Br ay 807 twee a og acid, 389. 
C,H,,0,N 3:6-Anhydroglucohamide, 123. 
gus rape meg a dot pice salts, 121, 122. 
Lt: Oe itsopropy gen phosphite, 382. 
THsyl ph phite, 381, a : 
6 IV 
C,H,O,NS 4-Nitro-2’:4’-dihydroxydiphenyl sulphide, 469. 
C,H,0 2:4-Dimethylthiazole-5-carboxylic acid, action of thionyl chloride on, 601. 
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C,H,O,NS p-Aminobenzenesulphinic acid, 685. 
C,H,0.N,S 4-Methylthiazole-2:5-dicarboxydiamide, 602. 
C,H,O,N,8 5-Nitro-2-acetamido-4-methylthiazole, 927. 
C,H,O.N.S 2:4-Dimethylthiazole-5-carboxyamide, 603. 
C,H,ONS, 2-Thiol-5-(8-hydroxyethyl)-4-methylthiazole, 926. 
C,H,ON,S 2:4-Dimethylthiazole-5-carboxyhydrazide, 603. 
C,H,ON,S 4:6-Diamino-5-formamido-2-methylthiopyrimidine, 561. 
C,H,O.NS 2-Hydroxy-5-(8-hydroxyethyl)-4-methylthiazole, 926. 
C,H,O.N,8 4-Methylthiazole-2:5-dicarboxydihydrazide, 602. 
C,H,,0.8,Pd Palladium bisethylxanthate, 686. 

¢H,,0,CIP Diisopropyl chlorophosphonate, 381. 
C,H,,O,NP Diisopropyl aminophosphonate, 662. 


6V 


C,H,0,NC1,S 4-Methylthiazole-2:5-dicarboxy dichloride, 602. 
C,H,O.N,Br,Fe p-Nitrobenzenediazonium ferribromide, 820. 
C,H,0.CUS p-Chlorobenzenesulphony] iodide, 684. 


FMM OOO 


C, Group. 


C,H,O, 5-Formyl]-2-methyl-furan-3-carboxylic acid, 117. 
Patulin, synthesis of, 571, 577. 

C,H,N, 7-Azaindole, 607. 

1-Acetoxypent-2-3-en-4-yne, 80. 
3-Ketopentadiene-1:5-dicarboxylic acid, 576. 
H,O, Tetrahydrochelidonic acid, 575. 

C,H,,O 2-Methoxyhex-3-en-5-yne, 83. 
3-Methylhex-4-en-1-yn-3-ol, 93. 
4-Methylhex-3-en-5-yn-2-ol, 94. 

C,H,,0, 3-Acetoxypenta-1:4-diene, 90. 

C,H,,0, Tetrahydro-y-pyranol-2:6-dicarboxylic acid, 575. 

C,H,,N;, Bis-(8-cyanoethyl)methylamine, and its picrate, 401. 
4-Imino-3-cyano-1-methylpiperidine, and its picrate, 401. 

C,H,,0 2-Methoxyhexa-3:5-diene, 89. 
3-Methylhexa-1:4-dien-3-ol, 94. 
4-Methylhexa-3:5-dien-2-ol, 94. 

C,H,,0, a- and f-isoPropoxycrotonic acids, 388. 

C,H,,0; 3:4-Dimethy] 5-xylonolactone, 744. 

C,H,,0, Methyl aa-dimethoxybutyrate, 388. 

C,H,,0; «-Methyl-l-fucoside, 747. 
2:3:5-Trimethy] l-arabonamide, 751. om 


5-Nitro-2-oxy-3-diazotoluene, 665. 
N-Nitro-N’-2:4-dinitrophenylurea, and its salts, 621. 
2:4-Dinitrophenylsemicarbazide, and its hydrochloride, 714. 
2-Formamido-3-picoline, and its picrate, 606. 
O,N, 3:4-Methylenedioxyphenylhydrazine, 704. 
C,H,0,N, 4-Nitro-5-cyano-2-methyl-l-ethyliminazole, 759. 
Paraxanthine, 758. 
C,H,0,N, Methyl glyoxaline-4:5-dicarboxylate, 233. 
C,H,O,8 p-Hydroxyphenyl methanesulphonate, 17. 
C,H,0,N, Ethyl 4-nitro-1-methyliminazole-5-carboxylate, 759. 
4-Nitro-2-methyl-1l-ethyliminazole-5-carboxylic acid, 759. 
C,H,NS p-Methylthioaniline, hydrochloride of, 638. 
C,H,,0,N, 2-Amino-3-picoline formate, 606. 
Ethyl 3-methylpyrazole-5-carboxylate, 114. 
C,H,,0.N, 4-Nitro-1-methyliminazole-5-carboxyethylamide, 758. 
C,H,,0,N, 4-Nitro-1-methyliminazole-5-carboxy-8-hydroxyethylamide, 758. 
C,H,,0,N, Ethyl 4-amino-1-methyliminazole-5-carboxylate, hydrochloride of,759. 
Ethy! 3-methyl-5- zylcarbamate, and its picrate, 115. 
C,H,,0,N 1-(—)alloHydroxy-N-acetylproline, 431. 
H Tetrahydrocomanic acid semicarbazone, 574. 
4-Amino-1-methyliminazole-5-carboxyethylamide, and its salts, 758. 
2:5-Dibromo-n-amyl acetate, 51. 
Carboxymethyl B-carboxy-n-butyl sulphide, 706. 
B-n-Butoxypropionitrile, 536. ~ 
C,H,,0,Br 1-Bromo-5-acetoxy-n-pentane, 51. 
C,H,,0,Br ew on a-bromo-f-ethoxybutyrate, 389. 
C,H,,0,8 Methylglucofuranosidesulphuric acids, barium salts, 122. 
C,H,,0,P Methylglucofuranoside-3-phosphoric acid, barium salt, 876. 
a nS eats acid, barium salt, 875. 
C,H,,NCl -Diethylaminopropyl chloride, 632. 
7 IV 
C,H,0,N.F p-Nitrophenylcarbamy] fluoride, 865. 
CHONG Vasantapabeayl fluoride, 865. 
C,H,0,NS 4-Nitrotoluene-2-sulphinic acid, 685. 
C,H,0,NS p-Aminophenylmethylsulphone, and its hydrochloride, 568. 
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C,H,0,N,Br 4-Nitro-1-methyliminazole-5-carboxy-f8-bromoethylamide, 758. 
C,H,,0N.Cl 3-Cyano-1-methyl-4-piperidone hydrochloride, 401. 


, 7V 
C,H,O,NCIS p-Aminophenyl(chloromethyl)sulphone, and its hydrochloride, 569. 


C, Group. 
C,H,, Ethylidenecyclohexane, 812. 


8 


5-Formyl-3-methyl-3-furyl methyl ketone, 118. 
2-Keto-3-acetoxy-4-acetyldihydrofuran, 578. 
2-Methyl-7-azaindole, 606. 
2:3-Diaminoquinoxaline, 625. 
1:8-Dichloro-octa-2:6-dien-4-yne, 81. 
o-Xylylene dibromide, action of sodium on, 27. 
2-Chloro-octa-3:7-dien-5-yne, 80. 
2:3-Dihydro-2-methyl]-7-azaindole, and its picrate, 606. 
2:4-Dimethylhex-3-en-5-yn-2-ol, 94. 
3:5-Dimethylhex-4-en-l-yn-3-ol, 93. 
2-Ethoxyhex-3-en-5-yne, 83. 
C,H,.0, Acetoxyhexa-1:4-dienes, 89, 90. 
C,H,,0, Ethyl tetrahydrocomanate, 575, 
C,H,,.0, Methyl cis-tetrahydrofuran-2:5-dicarboxylate, 4. 
C,H,,0 2-Ethoxyhexa-3:5-diene, 89. 
1-Vinyleyclohexanol, 812. 
C,H,,0, -tert.-Butoxycrotonic acid, 388. 
C,H,,0, 2:5-Dimethyl 1:4-3:6-dianhydromannitol, 6. 
Ethyl 5-hydroxymethyltetrahydrofuran-2-carboxylate, 3. 
Ethyl tetrahydro-y-pyranol-2-carboxylate, 575. 
C,Hj,0, 2:3:5-Trimethyl-l-arabonolactone, 751. 
C,H,;N Octahydroindole, and its picrolonate, 280. 
C.H,,O0 4-Hydroxy-4?-octene, 812. 
C.H,,0, 2:3:5-Trimethy]l l-arabinose, 751. 
2:3:4-Trimethyl d-xylose, 744. 
C,H,,O, 2:6-Dimethy] £-d-galactose, 693. 
C,H,,N cis- and trans-2-Ethylcyclohexylamines, and their picrates, 279. 
C,H,,N, Tetraethylethylenediamine,and its dihydrochloride, 829. 


8 I 
C,H,0,N, Nitro-4-hydroxycinnolines, 517. 
C,H;N.Cl 2-Chloroquinoxaline, 624. 
C,H,ON, 4-Hydroxycinnoline, 517. 
2-Hydroxyquinoxaline, 624: 
C,H,O,N, 3-Nitro-4-cyanoanisole, 864. 
5-Nitro-2-cyanoanisole, 864. 
C,H,ON, 6-Amino-4-hydroxycinnoline, 518. 
C,H,ON, 3-Amino-4-cyanoanisole, 864. 
4-Amino-2-cyanoanisole, 864. 
5-Amino-4-cyanoanisole, 864. 
Methoxyphenylcyanamides, 620. 
C,H,O,N, Nitroaminoacetophenones, 629, 655. 
C,H,O,8 p-Methanesulphonylbenzaldehyde, 639. 
C,H,0,8 4-Hydroxy-3-carboxy-5-aceto-2-methylthiophen, 600. 
p-Methanesulphonylbenzoic acid, 639. 
C,H,N.S 2-Amino-4-methylbenzthiazole, and its picrate, 900. 
C.H,.N.S, Bis-(4-methyl-2-thiazole) disulphide, 926. 
C,H,ON, Nitroso-2:3-dihydro-2-methyl-7-azaindole, 606. 
C,H,,ON, 2-Acetamido-3-picoline, picrate of, 606. 
2:3-Diaminoacetophenone, 656. 
C.H,,0,.N, 1-Methyl-7-ethylxanthine, and its picrate, 757. 
7-Methyl-1-ethylxanthine, and its picrate, 759. 
C.H,,.0,8 2:5-Dimethoxythiophenol, 17. 
C,H,,0,8 p-Anisyl methanesulphonate, 17. 
100,58, Quinol bismethanesulphonate, 17. 
C.H,.N.8 p-Methylthiobenzamidine, salts of, 638. 
C,H,.N,8, Bis-(2-amino-4-methyl-5-thiazole) sulphide, 927. 
C.H,,ON 1-Methyl-7-ethylguanine, and its picrate, 756. 
C.H,,0,N 5 1-Methyl-7-8-hydroxyethylguanine, and its picrate, 757. 
C,H,,0N, 2-Amino-4-hydroxy-5:6-(1’:2’:3’:6’-tetrahydro-1’-methy]-5’:4’-pyrido)pyrimidine, 401 
C,H,,0Cl 2-8-Chloroethoxyhexa-3:5-diene, 89. 
C.H,,0,N ethyl 1-methyl-4-piperidone-3-carboxylate, and its hydrochloride, 401. 
C.H,,0,C1 Ethyl S-chlconmnsthghotenpdechann-3-cexbexylats, 3. 
C.H,,0,.N 1-( —)Hydroxy-N-acetylproline, methyl] ester, 431. 
Cc sN, y-Ketopimelic acid, 576. 
2 B-Cyanoethyl(carbethoxymethyl)methylamine, and its picrate, 402. 
B-Amyloxypropionitrile, 536. 
C,H, ,0.Br B-Bromo-a-methylacraldehyde diethyl acetal, 597. 
eH,,0,Br, af-Dibromoisobutyraldehyde diethyl acetal, 597. 
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8 IlI—9 0 Formula Index. 


C,H,,0,Cl, 1:6-Dichloro 2:5-dimethyl mannitol, 7. 
170 a-Bromoisobutyraldehyde diethyl acetal, 597. 
C,H,,0,P Diisobutyl hydrogen phosphite, 874. - 
8 IV 
C,H,0,CIS Chlorothionaphthenquinones, 901. 
C,H,ON,Cl Chissed-hepdonnpelicialines, 523. 
C,H,ON.Br Bromo-4-hydroxycinnolines, 523. 
C;H;,OCIS Chlorothioindoxyls, 900, 901. 
C,H,O,N.F, m-Phenylenedi(carbamy] fluoride), 865. 
C,H,O,NCl 3- and 5-Chloro-2-nitroacetophenones, 655, 656. 
C,H,O,NC] 3- and 5-Chloro-2-nitroacetophenones, 655, 656. 
C,H,O,NBr 3-Bromo-2-nitroacetophenone, 657. 
C,H,OCIS, p-Chlorobenzyl xanthate, sodium salt, 671. 
C,H,O,NS m-Methanesulphonylbenzonitrile, 638. 
p-Methanesulphonylbenzonitrile, 636. 
C,H,0.N.Cl 4-Chlorophthalamide, 627. 
C,H,O,NS Benzenesulphonacetamide, 235. 
C,H,0,BrS f-Bromo-f-2-thienoylpropionic acid, 457. 
C,H,0,CIS 4-Hydroxy-3-carboxy-5-chloroaceto-2-methylthiophen, 601. 
C,H,ONC] 3- and 5-Chloro-2-aminoacetophenones, 655. 
C,H,ONBr 3-Bromo-2-aminoacetophenone, 657. 
C,H,ONF p-Tolylcarbamy] fluoride, 865. 
C,H,O.N,8 p-Aminobenzenesulphonylacetonitrile, and its hydrochloride, 569, 632. 
C,H,O,N.S Nitrobenzenesulphonacetamides, 235. 
C,H,O.NS Ethylenesulphonanilide, 465. 
C,H,O,NS p-Aminobenzenesulphonylacetic acid, and its hydrochloride, 568, 632. 
C,H,,ON.S a ‘deeabemiaaabiemathane, 674. 
sH,,0.N,S8 m-Methanesulphonylbenzamidine, hydrochloride of, 638. 
p-Methanesulphonylbenzamidine, and its salts, 636. 
C,H,,0,N.S, p-Aminobenzenesulphonylthioacetamide, 569. 
100;N,S p-Aminobenzenesu]phonylacetamide, 568. 
p-Methanesulphonylbenzamidoxime, hydrochloride of, 638. 
C,H,,0,NS Methanesulphonylbenzylamines, and their hydrochlorides, 639. 
C,H,,0,NS8, 2-Thiol-5-(B-acetoxyethyl)-4-methylthiazole, 926. ' 
@H,,0,N,8 p-Aminophenylsulphonylacetamidine, hydrochloride of, 632. 
4-Methylthiazole-2:5-dicarboxybismethylamide, 602. 
C.H,,0,N,8 o-Aeiipshennsnentaienainastensibedan, 569. 
Ethyl 4-methylthiazole-2-carboxyhydrazide-5-carboxylate, 602. 
0.H,,0.NS, 5-(B-Acetoxyéthyl)-4-methylthiazole-2-sulphonic acid, 926. 
@H;,0N,8 2:4-Dimethylthiazole-5-carboxyethylamide, 603. 
2:4-Dimethylthiazole-5-dimethylamide, 603. 
CoH 20,N,C1 2:4-Dihydroxy-5:6-(1’:2’:3’:6’-tetrahydro-1’-methyl-5’:4’-pyrido)pyrimidine hydrochloride, 


C,H,,0,NP Dimethyl anilinophosphonate, 922. 

C,H,,0,N,F, Hexamethylenedi(carbamy] fluoride), 865. 

C,H,,0,8,Pd Palladium bis-n-propylxanthate, 686. 

C,H,,Cl, Diisobuty] sulphide—boron trichloride, 151. 

C,H,,ON,Cl N-8-Hydroxyethyl-N N’-dimethylpiperazinium chloride, 83 


8V 

C,H,ONCIS 5-Chloro-3-keto-1:4-benzothiazine, 900. 

C,H,0,NC1,8 2:5-Dichlorobenzenesulphonacetamide, 235. 

C,H,O,NBr,S 2:5-Dibromobenzenesulphonacetamide, 235. 

C.H,O,.NBrs p-Bromobenzenesulphonacetamide, 235. 

C,H,O,NIS p-Acetamidobenzenesulphony] iodide, 685. 

C,H,,0,N,CIS »-Aminobenzenesulp saglanthenpiiien hydrochloride, 569. 
C,H,,0,N,Cl,8 p-Aminopheny]-f-aminoethylsulphone, and its dihydrochloride, 828. 


C, Group. 


a-Iminomethylphenylacetonitrile, 350. 

So sorbate, 715. 

3-Hydroxy methy]-4*-cyclohexene-1:2-dicarboxylic y-lactone, 87. 
Methyl dihydrochelidonate, 575. 

2-Ethyl-7-azaindole, 607. 
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Tetrahydrofuryl tetrahydrofurfuryl ether, 56. 
2:3:4-Trimethyl-5-fuconolactone, 748. 
Methyl methylgalactopyruronoside methyl ester, 745. 
1-Methyloctahydroindole, and its salts, 280. 
2:3:4-Trimethyl-l-fucose, 747. 
2:6-Dimethyl B-methylgalactoside, 693. 
9 I 

C,H,ON, a anocinnoline, 523. 

C,H,O.S Met ylthionap thenquinones, 901. 

C,H,O,N, a eee acid, 516. 
4-Hydroxy-6:7-methylenedioxycinnoline, 519. 
2-Nitro-5-cyanoacetophenone, 653. 

C,H,O.N N-Methylphthalimide, 627. 

C,H,0,N, 5-Nitro-6-aminoquinoline, hydrochloride of, 701. 

C,H,O,N 2-Nitro-5-methoxyphenylacetylene, 519. 

C,H,0,N, 6-Nitro-4-methoxycinnoline, 518. 
6-Nitro-1-methyl-4-cinnolone, 518. 

C,H,N,Cl p-Chloro-a-iminomethylphenylacetonitrile, 353. 

C,H,ON, 2-Amino-5-cyanoacetophenone, 655. 
5-Amino-4-hydroxyquinoline, 377. 
4-Methoxycinnoline, 517. 
2-Methyl-3-aldo-7-azaindole, 607. 
1-Methyl-4-cinnolone, 517. 

C,H,ON, 2-Aminoquinoxaline-3-carboxyamide, 624. 

C,H,OS Methylthioindoxyls, 900, 901. 

C,H,O.N, 4-Hydroxy-6-methoxycinnoline, 519. 
3-Methy]-2:4-diketo-1:2:3:4-tetrahydroquinazoline, 628. 

C,H,O,N, Dinitromethoxyacetophenone, 656. 

C,H,ON £-Cyanoethyl phenyl ether, 920. 

C,H,ON, 5-Amino-7-methoxyquinoxaline, 792. 

C,H,O,N N-Methylphthalamic acid, 627. 

C,H,O.N 2-Nitro-3-methoxyacetophenone, 656. 

C,H,NS 3-Methyl-2:4-benzthiazine, 225. 

C,H,NS, 3-Methylthio-2:4-benzthiazine, 225. 

C,H,,ON, Ammonium a-formylphenylacetonitrile, 351. 

C,H,,OS, »-Methylbenzyl xanthate, sodium salt, 671. 

C,H,,OSe Selenoisochroman oxide, 41. 

C,H,,0.N, N-Methylphthalamide, 627. 

C,H,,0,8 p-Methanesulphonylacetophenone, 639. 

C,H,,Cl,Se Selenoisochroman dichloride, 41. 

oBr,Se Selenoisochroman dibromide, 41. 

Telluroisochroman iodide, 43. 
2-Propamido-3-picoline, and its picrate, 607. 

C,H,.0,N, 1:7-Diethylxanthine, and its picrate, 760. 
1-Methyl-7-n-propylxanthine, and its picrate, 757. 

C,H,,.0,N, Ammonium N-methylphthalamate, 627. 

C,H, ,0,8 ay ee tre a aR > 18. 
4-Nitro-1-methyliminazole-5-carboxy-f-acetoxyethylamide, 758. 
1:2-Dithiocyano-1-methylcyclohexane, 247. 
1-Methylpropylguanines, and their salts, 756, 757. 
1:2:5:6-Tetrachloro 3:4-acetone mannitol, 6. 

14 Adrenaline, purification and resolution of, and its oxalates, 928. 
C,H,,0,N, 4-Nitro-2-methyl-1-ethyliminazole-5-carboxyethylamide, 759. 
C.H,,0,8 Ethyl 3-keto-4-ethyltetrahydrothiophen-2-carboxylate, 706. 
C,.H,,ON, 4-Amino-2-methyl-1-ethyliminazole-5-carboxyethylamide, salts of, 759. 
C,H,,0,8 1:2-Acetone Yee eae ot acids, barium salts, 121. 
C,H,,0,N 2:3-Dimethyl 8-methylgalactofururonoside amide, 745. 
C,H,,0,P 1:2-Acetone glucofuranosephosphoric acids, barium salts, 875, 876. 


9 IV 

C,H,0,N,Cl 5-Chloro-6:8-dinitroquinoline, 379. 
€,H,O.N.Cl 2-Chloroquinoxaline-3-carboxylic acid, 624. 

»H,ON,C! 2-Chloroquinoxaline-3-carboxyamide, 624. 
C,H,O,N.S p-Cyanobenzenesulphonylacetonitrile, 637. 
C,H,O.N.S, 2-Amino-4-(2’-thienyl)thiazole-5-acetic acid, 458. 
C,H,0,N.S p-Cyanobenzenesulphonylacetamide, 637. 
C,H,ONS 3-Keto-5-methyl-1:4-benzothiazine, 900. 


C,H,ON,Cl Ammonium p-chloro-a-formylphenylacetonitrile, 353. 

C,H,O.NS m-Ethanesulphonylbenzonitrile, 639. 
p-Ethanesulphonylbenzonitrile, 636. 

C.H,O,NS 2-(Ethylenesulphonamido)benzoic acid, 466. 

C,H,0,NS ey OR NN Sn Aa ES 470. 


C,H,,ON.S m-Acetamidothiobenzamide, 185. 
C,H,,0.N,8 Aminobenzenesulphonamidopyrazoles, 114. 
C:H,,0,N8 Etbylenesulphon-p-toluidide, 465. 
C,H,,0,NS p-Acetamidophenylmethylsulphone, 568. 
PA ono a I er Non 470, 632. 
p-Methanesulphonylacetophenone oxime, 640. 
p-Methanesulphonylbenzmethylamide, 639. 
Toluenesulphonacetamides, 235. 
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C,H,,0,NS_ «-(p-Aminobenzenesulphonyl)propionic acid, 569. 
B-(p-Aminobenzenesulphonyl)propionic acid, and its hydrochloride, 570. 
Ethyl m-sulphonamidobenzoate, 242. 
p-Methoxybenzenesulphonacetamide, 235. 

C,H,.0.N.8 m-Ethanesulphonylbenzamidine, hydrochloride of, 639. 
p-Ethanesulphonylbenzamidine, hydrochloride of, 637. 

-Methanesulphonylbenz-N-methylamidine, h drochloride of, 638. 
:0,N,8 p-Guanylmethylsul = Ibenzamidine, dihydrochloride of, 637. 
CrHL,O.NS p-Carbamidomethylsulphonylbenzamidine, hydrochloride of, 637. 

C,H,,0.NS p-Aminophenyl-n-propylsu!phone, 571. 
Ethanesulphonylbenzylamines, hydrochlorides of, 639. 
a-p-Methanesulphonylphenylethylamine, hydrochloride of, 640. 

p-Methanesulphon Stvaylcthelomtna, hydrochloride of, 639. 
0,417 0N.8 2:4- Dimethylthiazole- 5-carboxy-n-propylamide, 603. 
C,H,,0,NCl Aceto-[2(or 5)-chloro-5(or 2)-acetoxy-n-amyllamide, 50. 
eH,,0,NBr Bromoacetoxyacetopentylamide, 51. 


9V 
C,H,,0,NCIS p-Acetamidophenyl(chloromethyl)sulphone, 569. 


C,, Group. 
C,.H,O §-Naphthol, chlorination of, 280. 
C,,.H,O, 5-Hydroxy-7-methoxycoumarin, 543. 
4-Amino-5-phenylpyrimidine, 350. 
1:5- and 1:3-Naphthylenediamines, preparation of, 202. 
Aminonicotyrines, and their salts, 605. 
o0H,,0, 3-a-Hydroxyethyl-4*-cyclohexene-1:2-dicarboxylic y-lactone, 87, 90. 
3-Hydroxymethyl-3-methyl-4‘-cyclohexene-1:2- pe y-lactone, 87. 
CioH20, 7:8-d-erythro-Dihy droxy-2-methyl-1:5:6:7:8:9-hexahy dro-1:5-dioxanaphthalene-2-carboxylic 
acid, 117. 
CioHiaNs 5-Phenyltetrahydropyrimidine, picrate of, 350. 
CioH;,Cl, 2:9-Dichlorodeca-3:7-dien-5-yne, 80. 
C,oH,,;C1 2-Chloro-7-methylnona-3:7-dien-5-yne, 80. 
C,.H,,0 Umbellulone, absorption spectrum of, 95. 
C.oH,,0, 1-Keto-2-hydroxymethylenehydrindane, 584. 
C,oH,,0, 2:4:6-Triketo-3:3:5:5-tetramethylcyclohexanol, 709. 
C,.H,,N 8-Methyl-1:2:3:4-tetrahydrocarbazole, and its picrate, 532. 
B-Phenyldiethylamine, hydrochloride of, 441. 
C,,H,;Cl 2-Chlorodec-3-en-5-yne, 80. 
C,oH,,0 3-n-Butoxyhex-4-en-l-yne, 83. 
Ethyl ye ere ten rr nr hae fame 3. 
C,,»H,,0; 2:5-Bisacetoxymethyltetrahydrofuran, 2 
C,.H,,N. NN-Diethyl-o-phenylenediamine, and its picrate, 696. 
C,oH,,N 8-Dimethylaminoethylcyclohexene, and its salts, 280. 
1-Ethyloctahydroindole, and its picrate, 280. 
C,.H.,0; Trimethyl a-methyl-l-fucoside, 743, 744, 747. 
2:3:4:-Trimethyl 8-methyl-d-fucoside, 748. 
C,,H.:N §-Dimethylaminoethylcyclohexane, and its salts, 280. 
N-Dimethyl-2-ethylcyclohexylamines, 279. 
C,.H..N. 2-Diethylaminocyclohexylamine, and its dipicrate, 696. 


10 I 


C,oH,O,N, 1:3:6:8-Tetranitronaphthalene, preparation of, 454. 
CioH;0,N 2-Nitro-4:5-methylenedioxyphenylpropiolic acid, 519. 
Coll Ose Alloxazine, synthesis of, 229. 
C,o0H,O,N, 3-Nitro-6:7-methylenedioxyquinoline, 868. 
CioH,O,N, 4:6-Dinitro-l-naphthol, 454. 
4-Hydroxy-6:7-methylenedioxycinnoline-3-carboxylic acid, 519. 
C,oH,N.Cl, 2:4-Dichloro-5-phenylpyrimidine, 351. 
,ClBr 2-Chloro-3-bromonaphthalene, 842. 
C,H, Brl 2-Bromo-3-iodonaphthalene, 842. 
C,,H,ON, 4-Keto-1:4-dihydroquinaldine-1:8-diazoimide, 416. 
G;,H,O,N, 6-Nitro-4-acetoxycinnoline, 517. 
C,.H,0;N 2-Nitro-5-methoxyphenylpropiolic acid, 518. 
C,.H,O,N 2-Nitro-4:5-methylenedioxycinnamic acid, 519. 
C,,H.N.Cl 4-Chloro-5-phenylpyrimidine, 350. 
C,,H,ON, 4-Hydroxy-5-phenylpyrimidine, and its hydrochloride, 350.’ 
10H,0,N, 4-Acetoxycinnoline, 517. 
3-Amino-6:7-methylenedioxy quinoline, and its hydrochloride, 868. 
3-Nitro-1-naphthylamine, reactions of, 123. 
4-Nitro-2-na hthylamine, reactions of, 453. 
C,,.H,O.N, 4-Amino-5-p- -nitrophenylpyrimidine, and its hydrochloride, 354. 
2:5- Diketo- 3:4:6:1-bis-(3’-methylpyrazolo)piperazine, 115. 
Quinoxaline-2:3-dicarboxyamide, 231. 
C,oH,0,N, 5-Amino-4-hydroxyquinoline-2-carboxylic acid, 377. 
8-Nitro-4-hydroxyquinaldine, 416. 
C,.H,O,N. 4-Hydroxy-6- methoxycinnoline- 3-carboxylic acid, 519. 
C,,.H,0,N, 3:6-Dinitro-1:8-naphthylenediamine, 455. in 


960 





Formula Index. 10 I1I—10 IV 


C,.H,NBr 3-Bromo-2-naphthylamine, and its hydrochloride, 842. 
C,oH,N,Cl 4-Amino-5-p-chlorophenylpyrimidine, 353. 

C..H,ON 4-Amino-5-p-hydroxyphenylpyrimidine, and its hydrochloride, 353. 
C.H,O,N N-Ethylphthalimide, 628. 


2-Ethoxyquinoxaline, 625. 
p-Methoxy-a-iminomethylphenylacetonitrile, 353. 
C,oHi00.N, p-Carbethoxyphenylcyanamide, 620. 
C,oH,00.8, O-Ethyl S-benzoyl xanthate, 679. 
C,oH,.0,N, Nitroacetamidoacetophenones, 629. 
ae 655. 
CicHio0,N, cycloPropanealdehyde 2:4-dinitrophenylhydrazone, 60. 
C,oH,.0,8 p-Methanesulphonylcinnamic acid, 639. 
CioHioN,S 2-m-Aminophenyl-4-methylthiazole, 185. 
C,oH,,0.N, cycloPropanealdehyde p-nitrophenylhydrazone, 60. 
oH Malonomethylanilic acid, 847. 
C,.H,,NS, 3-Ethylthio-2:4-benzthiazine, 225. 
C,oH,,0,N, Ammonium p-methoxy-a-formylphenylacetonitrile, 353. 
N. N ’-Dimethylphthalamide, 627. 
N-Ethylphthalamide, 628. 
¢,,H,,0,8 4-Hydroxy-2-carbethoxy-5-aceto-2-methylthiophen, 600. 
B-p-Methanesulphonylphenylpropionic acid, 639. 
C,oH,,0;N, y-Hydroxybutaldehyde 2:4-dinitrophenylhydrazone, 56. 
C,oH,I8 Thioisochroman, 40. 
C,oH,,ISe 2-Methylselenoisochromanium iodide, 41. 
C,.H,,ITe 2-Methyltelluroisochromanium iodide, 43. 
C,oH,,0.N, 8-Methyl-1:7-diethylxanthine, and its picrate, 759. 
C,oH,,0,8 2-Ethoxalyl-3-keto-4-ethyltetrahydrothiophen, 706. 
C,oH,IAs 2:2-Dimethylisoarsindolinium iodide, 33. 
C,o0H,;0.N 4-Hydroxy-3-methoxy-8-phenylisopropylamine, and its salts, 534. 
3-Vinylquinuclidinecarboxylic acid, and its copper salt, 527. 
C,oH,,0,Br, 2:5-Dibromo-1:6-diacetoxyhexane, 3. 
C,.H,,ON 2:2-Dimethyl-3-isobutenylcyclopropane-l-carboxylic amides, 285. 
C,.H,,0,N, 4:5-Dinitro-2-naphthylamine, 794. 
oH,,0,N, 7-Nitro-2-naphthylamine, and its salts, 591. 
C,oH,,0,C1 Di-(1-carbethoxyethyl) chlorophosphonate, 874. 
C,oH,,0,N 2:3:5-Trimethy] 8-methylgalactofururonoside amide, 745. 
C,.H,,0,P Di-a-carbethoxyethyl hydrogen phosphite, 854. 
Di-(1-carbethoxyethyl) hydrogen phosphite, 874. 
C,,H,.NCl 2-Chlorocyclohexyldiethylamine, and its picrate, 696. 
C,oH..N.Cl, NN’-Di-(8-chloroethyl)-N N’-dimethylpiperazinium dichlorides, 835. 
C,oH,;0,P Di-(3-methyl-n-butyl) hydrogen phosphite, 874. 
Di-(1-ethyl-n-propyl) hydrogen phosphite, 874. 


10 IV 
C,,H.0,NCl 3-Chloro-2-nitronaphthalene, 842. 
C,.H,0,N.Cl, 1:8-Dichloro-3:6-dinitronaphthalene, 455. 
C,,.H,0,N.Br, 1:2-Dibromo-4:5-dinitronaphthalene, 795. 
1:8-Dibromo-3:6-dinitronaphthalene, 455. 
C,.H,0,N.Cl 2-Chloro-4:5-dinitronaphthalene, 795. 
4-Chloro-1:8-dinitronaphthalene, preparation of, 544. 
C,.H,0,N,Br 1-Bromo-4:5-dinitronaphthalene, 795. 
4-Bromo-1:8-dinitronaphthalene, preparation of, 544. 
C,,.H,O,N,Br 1-Bromo-4:5-dinitro-2-naphthylamine, 795. 
C,.H,ONS, 4’-Hydroxy-2-methylthionaphtheno-7’:6’:4:5-thiazcle, 460. 
C,.H,0,N.Cl Chloronitronaphthylamines, 832. 
4-Chloro-3-nitro-1-naphthylamine, 124. 
4-Chloro-5-nitroquinaldine, 416. 
4-Chloro-8-nitroquinaldine, 415. 
C,.H,O.N.Br 2-Bromo-3-nitro-l1-naphthylamine, 842. 
C,.H,0,N,I 2-lodo-3-nitro-l-naphthylamine, 125. 
C,.H,0,N,S8 2-2’:4’-Dinitrophenyl-4-methylthiazole, 185. 
C,,H,0,CIS 4-Chloro-8-naphthol-1-sulphonic acid, 282. 
C,,.H,O,NBr, af-Dibromo-f-(2-nitro-4:5-methylenedioxyphenyl)propionic acid, 519. 
C,,H.NCIBr 1-Chloro-5-bromo-2-naphthylamine, 832. 
1-Chloro-8-bromo-2-naphthylamine, 833.. 
C,.H,0,N 2-Hydroxymercuri-3-nitro-1-naphthylamine, 125. 
C,,H,0. B-Bromo-f-4-chlorobenzoylpropionic acid, 457. 
C,,.H,O,NAs 3-Nitro-1-naphthylarsonic acid, 126. 
C,.H,O.NS p-Allylsulphonylbenzonitrile, 637. 
C,oH,O,NS, 4-(2’-Thienyl)-2-methylthiazole-5-acetic acid, 458. 
C\oH,0,CIS, O-Ethyl S-p-chlorobenzoyl xanthate, 679. 
C,.H,O,NS p-Cyanobenzenesulphonylacetone, 637. 
C,.H,0,NS, O-Ethyl S-p-nitrobenzoyl xanthate, 679. 
C,.H,O,NBr -(Nitro-5-methoxyphenyl)-af-dibromopropionic acid, 518. 
C,.H,O,N,§ 2-Amino-5-hydroxy-4-methylthiazole picrate, 927. 
C,,H,,0O,NCl 3- and 5-Chioro-2-acetami gacetophenones, 655, 656. 
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€,.H,,0.NBr 2-Bromo-5-acetamidoacetophenone, 654. 

CioH,,0;N,8 »-Acetamidophenylsulphonylacetonitrile, 632. 

C,oH,oO;NAs 3-Amino-l-naphthylarsonic acid, 126. 

CioHi00;N,8 p-Acetamidobenzenesulphonylacetonitrile, 569. 

C,oH,,0,NS p-n-Prepanesulphonylbenzonitrile, 637. 
2-Bromo-5-acetamidoacetophenone oxime, 654. 
8-Trich]orometh 1-1:7-diethylxanthine, 760. 

C,.H,,0;NS, O-Ethyl Spaiebeuyl xanthate, 673. 

10H,,0,N,8 1-p-Acetamidobenzenesulphonamidotriazole, 115. 

CioH,,0,01IS 4-Hydroxy-3-carbethoxy-5-chloroaceto-2-methylthiophen, 600. 

C,oH,,0;NS_ p-Acetamidobenzenesulphonylacetic acid, 568, 632. 

C,oH,,0,N;Te Telluroxan hydroxypicrate, 13. 

C,oH,,0.N,8 Aminobenzenesulphonamido-3-methylpyrazoles, }15. 

C,oH,,0,N.8 p-Acetomethanesulphonylbenzamidine, hydrochloride of, 637. 

C,oH,,0,N,8 p-Acetamidobenzenesulphonylacetamide, 568. 

C,oH,,NIS, 3-Methylthio-2:4-benzthiazine methiodide, 225. 

C,,.H,,0,NS p-Ethylbenzenesulphonacetamide, 235. 

Ethylenesulphon-p-phenetidide, 466. 
€,.H,;0,NS a-(p-Aminobenzenesulphony])-n-butyric acid, 570. 
p- ieasayhunsnaneelphenecstenstii, 235. 
Ethyl p-aminobenzenesulphonylacetate, and its hydrochloride, 567. 
Ethyl 4-methylthiazole-2:5-dicarboxylate, 602. 
€,oH,,0.N.8 2:4-Dimethylthiazole-5-carboxymorpholide, 603. 
p-Methanesulphonylbenzdimethylamidines, hydrochlorides, 638. 
p-n-Propanesulphonylbenzamidine, hydrochloride of, 637. 
C,oH,,0,N.8 Ethyl 5-carbethoxy-4-methyl]thiazole-2-carbamate, 603. 
C,.H,,0,.N,;8 4-Methylthiazole-2:5-dicarboxybisdimethylamide, 602. 
4-Methylthiazole-2:5-dicarboxybisethylamide, 602. 
€,oH,;0;N,8 5-Nitroso-6-amino-4-d-xylosidamino-2-methylthiopyrimidine-I, 559. 
5-Nitroso-6-amino-4-d-xylosidamino-2-methylthiopyrimidine-II, 559. 
€,.H,;0,.N;P, Adenosine diphosphate, structure of, 169. 
C,oH,,ON.8 2:4-Dimethylthiazole-5-carboxy-n-butylamide, 603. 
2:4-Dimethylthiazole-5-carboxydiethylamide, 603. 

€,oH,,O;NP_ Diethy] anilinophosphonate, 382. 

C,oH,,0,;N,;P,; Adenosine triphosphate, structure of, 169. 

€,oH,;0;N,8 Ethyl ee ye Pi. mee nme ~ apammmaataaaaimmaay semicarbazone, 706. 

C,oH,,0,CIP Diisobutyl chlorophosphonate, 874. 

C,oH,,0,CIP (-+)Di-(a-carbethoxyethoxy)phosphorus chloride, 854. 

C,.H.,0,CIP Di-(3-methyl-n-butyl) chlorophosphonate, 874. 

Di-(1-ethyl-n-propyl) ddavaamheniin 874. 
C,,H..N.Cl,I, NN’-Di-(8-chloroethyl)-NN’-dimethylpiperazinium di-iodides, 835. 
€,,H,,0.N.Cl, NN’-Di-(8-hydroxyethyl)-N N-dimethylpiperazinium dichlorides, 835. 


10 V 
C,,H,ONCIS 5-Chloro-3-acetamido-1-thionaphthen, 407. 


C,, Group. 


C,,H,, «a-Methylnaphthalene, condensation of, with 8-naphthoy] chloride, 561. 


11 
C,,H,O, Bergaptol, 543. 
C,,H,Br o-Naphthylmethyl bromide, 418. 
C,,H,.0, Limettin, 542. 
11Hy2N, . 4-Amino-2:3-dimethylquinoline, 20. 
1Hy2N, 5-Amino-2-(4’-aminophenylamino)pyridine, dihydrochloride of, 593. 
11H,,0, 3-a-Methoxyethyl-4‘-cyclohexene-1:2-dicarboxylic anhydride, 89. 
Methyl 3-a-hydroxyethy1-4‘-cyclohexene-1:2-dicarboxylic y-lactone, 87, 90. 
4-Methyl-3-a-hydroxyethyl-4*-cyclohexene-1:2-dicarboxylic y-lactone, 94. 
C,:H,,0; 7:8-d-erythro-Dihydroxy-2-methy]-1:5:6:7:8:9-hexahydro-1:5-dioxa-3-naphthyl methyl ketone, 
118. 


Ethyl 3-ketopentadiene-1:5-dicarboxylate, 576. 

C,,H,,0, Ethyl dihydrochelidonate, 575. 
11H,,0 Dihydropyrethrone, 414. 

C,,H,,0, Olivetol, synthesis of, 311. 

C,,H,;,0; Ethyl ethoxymethylenetetrahydrocomanate, 576. 

3-a-Methoxyethyl-4‘-cyclohexene-1:2-dicarboxylic acid, 89. 

C,:H,,0, 2-Methyl-5-(d-arabotetrahydroxybutyl)-3-furyl methyl ketone, 118. 
11H,,0, Methyl dl-trans-2:2-dimethy]-3-isobutenyleyclopropane-1-carboxylate, 285. 
1141;,0, Ethyl tetrahydro-y-pyranol-2:6-dicarboxylate, 575. 

C,,H,,0, Ethyl aa’-dihydroxy-y-ketopimelate, 576. 

C,,H.,.0. 7-Methyl-4?-decenoic acid, 394. 

C,,H,,0, Ethyl tert.-amylacetoacetate, 732. 


ll 
C,,H,ON, 3-Azaphenoxazine-5:6-diazole, 315. 
C,,H,0,Cl, Dichlorohydroxynaphthoic acid, 283. 
C,,H,O;N, Dinitroazaphenoxazines, 314, 315. 
Dinitropyridyl-o-aminophenol, 314. 
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ae 10-diazole, 592. 

P thoyl chloride, condensation of, with a-methylnaphthalene, 561. 
4-Chloro-2-hydroxy-1-naphthaldehyde, 282. 
5-Nitro-3-azaphenoxazine, 315. 
3-Picrylamino-4-hydroxypyridine, 314. 
3:4-Dichlorophenylpyridines, 412. 
$6 Dihonmsnhnaglageiiinns, 412. 

Chloroperimidine, 545. 
Bromoperimidine, 545. 
7-Nitro-2-formonaphthalide, 591. 
3 5-Amino-3-azaphenoxazine, and its hydrochloride, 315. 
1-Amino-3-azaphenthiazine, and its hydrochloride, 592. 
oON, 4-Methoxy-5-phenylpyrimidine, 350. 
5-Phenyl-N -methyl-4-pyrimidones, 350. 
C,,H,,ON, Diaminoazaphenoxazines, and their salts, 314, 315. 
iN 3-Amino-6:7-methylenedioxyquinaldine, and its hydrochloride, 868. 
5-Nitro-2-(4’-aminophenylamino)pyridine, 592. 
C,,H,,0;N, 2-Ethoxyquinoxaline-3-carboxylic acid, 625. 
Ethyl 2-hydroxyquinoxaline-3-carboxylate, 623. 
5- and’ gr Senne on omen ng 416. 

C,,H,,0,N, 4-Nitro-1-methyliminazole-5-carboxyphenylamide, 758. 

C,,H,,0,N, 3-Nitro-6:7-dimethoxyquinoline, 868. 

C,,H,.N,8 1:7-Diamino-3-azaphenthiazine, dihydrochloride of, 592. 

C..H,.ON, 4-Acetylamido-5-phenylpyrimidine, 350. 
4-Amino-5-o-methoxyphenylpyrimidine, 353. 
4-Amino-5-p-methoxyphenylpyrimidine, and its hydrochloride, 353. 

C,,H,,0,N 2:3-Dimethy]-5:6-methylenedioxyindole, 705. 

C,,H,,0,Br 8-Bromo-f-benzoylisobutyric acid, 457. 
B-Bromo-f-4-methylbenzoylpropionic acid, 457. 

C,,H,,N,Ci 4-Anilinopyridine hydrochloride, 927. 

C,,H,,ON, p-Tolylacetamidoacetonitrile, 620. 

C,,H,,ON, 4-Amino-1-methyliminazole-5-carboxyphenylamide, hydrochloride of, 758. 
8-Guanidino-6-methoxyquinoline, and its salts, 793. 

C,,H,,0,N, p-Methoxyphenyl-N-carbethoxycyanamide, 620. 

C,,H,,0,8 Methyl-(2-carbo ne ee me sulphide, 916. 

C,,H,.N,I 4-Amino-5-phenylpyrimidine methiodide, 350. 

C,,H,,N.Cl 3-Aminoquinaldine methochloride, 869. 

C,,H,,0;N, 5-Hydroxyvaleraldehyde, 57. 

C,,H,,0.N N-p-Methoxyphenylmorpholine, 919. 

C,,H,,0,N d-Arabonanilide, 166. 

C,,H,,0,8 2:5-Dihydroxyphenylisoamylsulphone, 17. 

Hydroxyphenyl 3-methyl-n-butanesulphonates, 17. 

C,,H,,0;Cl, Ethyl aa’-dichloro-y-ketopimelate, 576. 

C,,H,,ON, Umbellulone semicarbazone, 97. 

C,,H,,0. 4-Hydroxy-3-methoxy-8-phenyl-N-methylisopropylamine, and its salts, 534. 

C,,H,,0,N oF Pare ee yg gma 919. 

C,,H,,0,N N-(d-Arabityl)aniline, 166. 

11H0;N 2:5-Diacetoxyaceto-n-amylamide, 51. 

C,,H,.N,8 Carone thiosemicarbazone, 98. 

C,,H.,0,Cl, 1:2-Dichloro 3:4-acetone 2:5-dimethyl mannitol, 7. 

C,,;H.,0,8 Carbethoxymethyl f-carbethoxy-n-butyl sulphide, 706. 

C,,H.,ON B-2-Ethylhexyloxypropionitrile, 536. 
B-n-Octyloxypropionitrile, 536. 

C,,H.,0N d-4:8-Dimethylpelargonamide, 394. 

C,,H,,NI N-Dimethyl-2-ethyleyclohexylamine methiodides, 279. 


11 IV 
C,,H,ONS, 4’-Methoxy-2-methylthionaphtheno-7’:6’:4:5-thiazole, 460. 
C,,H,O,N,S 1:7-Dinitvo-3-azaphenthiazine sulphoxide, 592. 
C,,H,0.N,8 1-Nitro-3-azaphenthiazine, 592. 
C,,H,0,N,Cl 4-Chloro-3-nitroformo-l-naphthalide, 124. 
C,,H,0,N.Cl Ethyl 2-chloroquinoxaline-3-carboxylate, 624. 
ace a 2-(m-Nitrobenzenesulphonamido)pyridine, 605. 
2 2-Amino-4-phenylthiazole-5-acetic acid, 458. 
11H, 0,N,Se 2-Amino-4-phenylselenazole-5-acetic acid, 628. 
11H,o0,N,8 2-p-Nitrobenzenesulphonamido-4-hydroxy-6-methylpyrimidine, 691. 
1149 “NBr 4-Bromo-2-nitrobenzylidene diacetate, 168. 
HOMO 5 hecins Of eetke enyl)acrylic acid, 520. 
C,,H,,0,N,Cl $-Ambao-6:1-sathylenodiexyquincline methochloride, 868. 
C,,H,,0,NBr, Dibromo-2-nitro-4:5-dimethoxycinnamic acid, 520. : 
C,,H,,0,N,8 2-p-Aminobenzenesulphonamido-4-hydroxy-6-methylpyrimidine, 691. 
11. H,30. p-n-Butanesulphonylbenzonitrile, 637. 
C,,H,,0,N,8 2-p-Aminobenzenesulphonamido-4-amino-6-methylpyrimidine, 692. 
11H, 30, A kr erat seen Lng peer atom 632. 
CaO Ss 9-d-Xylopyranosido-2-methylthiohypoxanthine, 560. 
C.,Hig 3-Ethylthio-2:4-benzthiazine methiodide, 225. 
C,,H, ONC, Di-(£-chloroethyl)-p-anisidine, 919. 
11H,,;0,NS Trimethylbenzenesulphonacetamides, 235. 
C,,H,,0,NS Ethyl a-(p-aminobenzenesulphonyl)propionate, 569. 
rely! B-(p-aminobenzenesulphonyl)propionate, and its hydrochloride, 570. 
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C,,H,,0,N,S 9-d-Xylopyranosido-2-methylthioadenine, 560. 
C,,H,,ON,8 2:4-Dimethylthiazole-5-carboxypiperidide, 603. 
C,,H,,0,N,8 -n-Butanesulphonylbenzamidine, and its benzoate, 637. 
C,,H,,0,N,8, 6-Amino-5-thioformamido-4-d-xylosidamino-2-methylthiopyrimidine, 560. 
Gutir0N 8 6-Amino-5-formamido-4-d-xylosidamino-2-methylthiopyrimidine, 561. 
C,,H,,ON.S8 2:4-Dimethylthiazole-5-carboxy-n-amylamide, 603. 

11V 


C,,H,0,N,CIS 4-Chloro-2-p-nitrobenzenesulphonamido-6-methylpyrimidine, 692. 
C,,H,,0,N,CIS 4-Chloro-2-p-aminobenzenesulphonamido-6-methylpyrimidine, 692. 


C,, Group. 
C,,H,N 1-Naphthylacetonitrile, 418. 

2-Aminobenzocinnoline, and its picrate, 825. 
4-Cyano-6-amino-2:3-dimethylquinoline, 20. 
3:3:5-Trimethylphthalide-7-carboxylic acid, 715. 

a- and B-Ethylazonaphthalenes, 275, 276. 
4-Diacetamido-5-phenylpyrimidine, 350. 

Di-2-(hex-3-en-5-ynyl) ian, 83. 
a-(B’-Hydroxyethy])-a-phenylbutyrolactone, 317. 
1:8-Diacetoxy-2:6-dien-4-yne, 81. 
3-a-Acetoxyethy]-4*-cyclohexene-1:2-dicarboxylic anhydride, 90. 
4-Methy]l1-2:3:4:5-tetrahydro-4-carboline, 402. 
Glycoleugenols, 490. 
3-a-Ethoxyethyl-4*-cyclohexene-1:2-dicarboxylic anhydride, 89. 
3-a-Acetoxyethy1-4‘-cyclohexene-]:2-dicarboxylic acid, 90. 
1-Methyl-4-piperidonephenylhydrazone, 401. 
3-a-Ethoxyethyl-4‘-cyclohexene-1:2-dicarboxylic acid, 89. 
N-(d-Ribityl)-p-toluidine, 167. 

B-Phenyltriethylamine, picrate of, 441. 

Ethyl dl-trans-2:2-dimethyl-3-isobutenylcyclopropane-l-carboxylate, 285. 

12H..0,, Sucrose, conversion of, into furan somiphani, 1. 
C,.H.,N, §-Diethylaminoethylaniline, oxalate of, 825. 


12 Mi 

C,,H,N,Cl, Dichlorophenanthroline, 377. 

C,.H,Cl1,8, 1:5-Dichlorothianthren, 901. 

C,H, sN, Nitrobenzocinnoline-6-oxides, 825. 

C,,H,NCl, 1:4-Dichlorocarbazoles, 533. 

C,,H,ON, 4-Hydroxy-5:6:2’:3’-pyridoquinoline, 377. 
m-Phenanthroline N-oxide, 377. 

C,,H,0.N, Nitrocarbazoles, 532. 

C,,H,NBr Bromocarbazoles, 533. 

C,,.H,O;,N Furfury] p-nitrobenzoate, 813. 

C,.H,O,;N, 4:5-Dinitroaceto-2-naphthalide, 795. 

Ci. r, 2:5-Dibromo-4’-aminodiphenyl, 299. 

C,.H,N,Cl fee one i 545. 

C,,H,N,Br Bromo-2-methylperimidine, 545. 

C,.H,,0.N, 3-Acetamidoquinoline-2-aldehyde, 869. 
1:5-Diformamidonaphthalene, 202. 
N-(4’-Pyridyl)anthranilic acid, 927. 

©,.H,,0.N, 6:9-Dimethylisoalloxazine, 700. 

C,.H,,0;N, 3-Acetamido-6:7-methylenedioxyquinoline, 868. 
4-Nicotinamidoresorcinol, 438. 
7-Nitro-2-acetonaphthalide, 591. 

C,.H,,0,N, Methyl quinoxaline-2:3-dicarboxylate, 231. 

12H,,0,.N, 3-Acetamidoquinoline-2-aldoxime, 869. 
6-Nitro-2:3-dimethylquinoline-4-carboxyamide, 20. 
Methyl] 5-nitrohemimellitate, 288. 
5:8-Dichlorotetrahydrocarbazole, 532. 


C,H, .N 2 

C,,H,,0 i 

C,,.H,,0N,; ine, 605. 
6-Amino-2:3-dimethylquino ine-4-carboxyamide, 20. 

C,,H,,0,Br rt Peng ye a a, me 8 317. 

C,.H,,0,Br £-Bromo-f-2:4-dimethylbenzoylpropionic acid, 457. 


B- Nigh tee rye en ene acid, 457. 
C,,H,,0,Br -Bromo-f-4-ethoxybenzoylpropionic acid, 457. 
C,,H,,0,N, 3-Amino-6:7-dimethoxyquinaldine, and its hydrochloride, 869. 
2:3-Diethoxyquinoxaline, 625. 
C,.H,,0,Br, aa-Bis-(8’-bromoethyl)phenylacetic acid, 317. 
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C,,H,,0,N, 6’:8’-Dihydroxy-1:3-dipheny]-2-keto-1’:4’:5’:7’-tetra-azanaphtho-2’:3’-4:5-4*-cyclopentene, 
sodium salt, 701. 
2-(1-d-arabo-1:2:3:4-Tetrahydroxy-n-butyl)quinoxaline, 702. 
2-Carboxyketo-5-ethoxyphenylthiol, 916. 
cycloHexanone 2:5-dichlorophenylhydrazone, 532. 

a : a-(B’-Aminoethyl)-a-phenylbutyrolactone, hydrochloride of, 317. 
3-(B-Hydroxyethyl)-3-phenyl-2-pyrrolidone, 317. 
7-Hydroxy-6-methoxy-1:3-dimethy]-3:4-dihydroisoquinoline, and its salts, 535. 

C,,H,;N,I 4-Amino-2:3-dimethylquinoline methiodide, 20. 
C,,H,,ON, 3-(8-Aminoethyl)-2-phenyl-2-pyrrolidone, and its hydrochloride, 317. 
C,:H,,0.N, NN’-Diethylphthalamide, 628. 
C,:H,,0,N d-Arabono-p-toluidide, 167. 
d-Ribono-p-toluidide, 167. 
C,,H,,0O,N d-Arabono-p-anisidide, 167. 
2H,,0,8 Anisyl 3-methyl-n-butanesulphonates, 16, 17. 
C,:H,,0,.N N-(d-Arabityl-p-toluidine, 167. 
C,:H,,0,N N-(d-Arabityl)-p-anisidine, 167. 
C,:H,,0,N; 3-(8-Carbethoxy-8-hydroxyethyl)-5-carbethoxy-4*-pyrazoline-1-carboxyamide, 576. 
2H,,0,Br 2-Bromo-1:5:6-triacetoxyhexane, 3 
C,:H..0,8 Diacetone glucofuranose-3-sulphuric acid, barium salt, 121. 
Diacetone glucofuranose-3-phosphoric acid, barium salt, 876. 
Umbellulone semicarbazidosemicarbazone, 97. 
Ethyl tert.-amylacetoacetate, 732. 
C,,H.:N,S 2-5-Diethylamino-a-methylbutylaminothiazole, and its dipicrate, 769. 
C,:H.,0;P Di-(1:3-dimethyl-n-butyl) hydrogen phosphite, 874. 


12 IV 
C,;H,O,NBr, 2:5-Dibromo-4’-nitrodiphenyl, 299. 
C,,H,0,C1,8, Di-p-chlorophenyldisulphone, 684. 
O;N,Br 1-Bromo-4:5-dinitroaceto-2-naphthalide, 795. 


C,,H,0,N,Cl 4-Chloro-3-nitroaceto-1-naphthalide, 124. 
Cis 2-Bromo-3-nitroaceto-1-naphthalide, 842. 
C,,.H,O,NS 4-Nitro-2’:4’:6’-trihydroxydiphenyl sulphide, 470. 


C,.H,O,NS p-Hydroxyphenyl p-nitrobenzenesulphonate, 470. 
4-Nitro-2’:4’-dihydroxydiphenylsulphone, 469. 
C,,H,O,.NS 4-Nitro-2’:4’:6’-trihydroxydiphenylsulphone, 470. 
C,:H,00,N.8 4-Nitroaminohydroxydipheny] sulphide, 469. 
C,.H,,0,N,Hg 3-Nitro-1-naphthylamine-2-mercuriacetate, 125. 
C,.H..ON,Cl 1-Chloro-5-amino-2-acetamidonaphthalene, 832. 
1-Chloro-8-amino-2-acetamidonaphthalene, 832. 
C,.H,,0.NS 4-Phenyl-2-methylthiazole-5-acetic acid, 458. 
C,,H,,0,.NS, 2-Methylthio-4-phenylthiazole-5-acetic acid, 458. 
C,.H,,0,NS 4-Amino-4’-hydroxydiphenylsulphone, 468. 
Naphthalenesulphonacetamides, 235. 
C,.H,,0,NS 4-Amino-2’:4’-dihydroxydiphenylsulphone, 469. 
4-Amino-2’:5’-dihydroxydiphenylsulphone, 469. 
4-Amino-3’:5’-dih te ee gee 469. 
2-p’-Aminophenylsulphonylquinol, 633. 
Hydroxypheny] sulphanilates, 470. 
,,H.O.NS 4-(4’-Sulphonamidobenzeneazo)resorcinol, 437. 
C,.H,,0,NS 4-Amino-2’:4’:6’-trihydroxydiphenylsulphone, 470. 
C,,H,,ON.S 2-Acetamidophenyl-4-methylthiazoles, 185. 
C,,.H,.0,N,8 a-5-(2-Amino-4-phenylthiazole)propionic acid, 458. 
2-Amino-4-(4’-tolyl)thiazole-5-acetic acid, 458. 
C,.H,,0,N,Se a-5-(Amino-4-phenylselenazole)propionic acid, 628. 
2-Amino-4-p-tolylselenazole-5-acetic acid, 628. 
C,,.H,,0,N,8 p-Aminophenyl sulphanilate, 470. 
Diaminohydroxydiphenylsulphone, 469. 
Methyl 2-amino-4-phenylthiazole-5-acetate, 458. 
C,,H,.0,NAs 3-Acetamido-l-naphthylarsonic acid, 126. 
C,,.H,,0,N,8 4-(4’-Aminobenzenesulphonamido)resorcinol, 438. 
C,.H,.0,N,S8 2-p-Nitrobenzenesulphonamido-4:6-dimethylpyrimidine, 691. 
C,,H,;0,N.Cl 3-Amino-6:7-methylenedioxyquinaldine methochloride, 868. 
O.N,S 2-p-Aminobenzenesulphonamido-4:6-dimethylpyrimidine, 691. 
C,,H,,0.N,8, Bis-(2-acetamido-4-methyl-5-thiazole) sulphide 927. 
12H,,0,N,8 3-Keto-4-ethyltetrahydrothiophen dinitrophenylhydrazone, 706. 
19H, ,0,.N Bis-(2-acetamido-4-methyl-5-thiazole)sulp hone, 927. 
12H,,0,NS Tetralin-6-sulphonacetamide, 235. 
C,,H,,0,NS Ethyl p-acetamidobenzenesulphonylacetate, 567. 
C,.H,, 3-Ethylthio-2:4-benzthiazine ethiodide, 225. 
C,.H,,0, -Cymenesulphonacetamide, 235. 
C,.H,,0,NS Ethyl a-(p-aminobenzenesulphonyl)-n-butyrate, and its hydrochloride, 570. 
C,.H,,0 —" 6-d-Xylosidamino-2-methy thio-9-methylpurine, 561. 
C,.H,,0N N-Benzyl-N-methylmorpholinium chloride, 663. 
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C,.H,,0,PAg Silver benzyl isoamy] phosphate, 385. 
12H,,0;N,8 6-Acetamido-4-d-xylosidamino-2-methylthiopyrimidine-II, 559. 
y3N,Cl,Fe Hexamethylisonitriloferrous chloride (+ 3H,O), crystal structure of, 799. 
C,,H,,0.N,8 8-Diethylamino-a-p-aminophenylsulphonylethane, hydrochloride of, 632. 
B-Diethylaminoethanesulphonanilide, 466. 
C,.H,,0 Diisopropy] anilinophosphonate, 382. 
C,.H.,0.N B-Piperidinoethanesulphonpiperidide, and its hydrochloride, 467. 
C,.H.,0, Di-(1:3-dimethyl-n-buty]) Mlssttinepinaat, 874. 


12 V 

C,-H,ONCIS 6’-Chloro-4’-hydroxy-2-methylnaphtha-1’:2’:4:5-thiazole, 459. 
C,.H,O.NCIS 4-Chloro-4’-nitrodipheny] sulphide, 468. 
C,,H,O,NCIS 4-Chloro-4’-nitrodiphenylsulphone, 468. 
C,.H,ONCIBr 1-Chloro-5-bromo-2-acetamidonaphthalene, 832. 

1-Chloro-8-bromo-2-acetamidonaphthalene, 833. 
C,.H,,0,NCIS 4-Chloro-4’-aminodiphenylsulphone, 468. 

4-(4’-Chloropheny])-2-methylthiazole-5-acetic acid, 458. 
C,.H,,0.N. 1-Nitro-3-azaphenthiazine methiodide, 592. 

12H, 0,N 5-Chloro-p’-aminophenylsulphonylquinol, 633. 
C,.H,,0;NCLP Di-(1:3-dichloroisopropy]) anilinophosphonate, 874. 


Cis Group. 
C,;H,, Fluorene, condensation of, with acetone, 7. 


13 

C,,H,N, 4-Pyridylphthalonitriles, 411. 

131,90, 2:3-Diketo-4-cinnamoyltetrahydrofuran, 578. 
C,,;H,,0; isoPimpinellin, 542. 

13H,,0, Ethyl 2-hydroxy-3-naphthoate, chlorination of, 280. 
C,,;H,,N 2-Amino-4-methyldipheny], 21. 

13H,,0, Allyleugenols, 490. 

13H,,N, Methylenedi-(2-pyridylmethylamine), 860. 
C,,;H,,0, Propyleugenols, 490. 
C,;H,.N. cycloHexanone o-tolylhydrazone, 532. 
C,;H,.N 6-Phenyl-2:2-dimethylpiperidine, and its salts, 919. 
C,;H..0, Tetrahydropyrethrolone acetate, 414. 
C,;H..0 1-4!-Heptynylcyclohexanol, 812. 
C,,;H.,0 1-4!-Heptenylcyclohexanol, 812. 


13 
C,,;H,O,N, Trinitrohydroxybenzophenone, 380. 
C,;H-NCl, 9:10-Dichloro-l-azanthracene, 831. 
C,,H,O.N, Amino-l-azanthraquinones, 832. 
Pyridylphthalimides, 412. 
Cc 


1, 3’-Bromo-5:6-benzoquinoline, 832. 
6’-Bromo-5:6-benzquinoline, 833. 
C,,H,ON 1-Azanthrone, 832. 
C,,H,O.N 7-Amino-2-hydroxyfluorenone, 930. 
C,3H,,0,C], Ethyl 1:1-dichloro-2-keto-1:2-dihydro-3-naphthoate, 282. 
C,;H,,0,Cl, Ethyl 1:1:3:4-tetrachloro-2-keto-1:2:3:4-tetrahydro-3-naphthoate, 283. 
100;N, N-2:4-Dinitrophenyl-N’-phenylurea, 622. 
C,;H,,0,N 2-Nitro-4-methyldiphenyl, 21. 
C,;H,,0.N, 5-Acetamido-3-azaphenoxazine, 315. 
136,,0,N 6-Aminoresorcinol 3-benzoate, 437. 
2’:4’-Dihydroxybenzanilide, 437. 
C,,H,,ON, 4-Acetanilinopyridine, 927. 
C,;H,.0,N, 5-Nitro-2-(4’-acetaminophenylamino)pyridine, 592. 
13H,,0,N, 5:8-Dinitro-2:2-dimethy]-1:3-dihydroperimidine, 455. 
C,;H,.0,8 Anisyl benzenesulphonates, 16. 
2-p-Toluenesulphonylquinol, 633. 
8-B-Cyanoethylamino-6-methoxyquinoline, and its picrate, 793. 
6:7-Methylenedioxy -1:2:3:4-tetrahydrocarbazole, 705. 
4-Acetamido-2:3-dimethylquinoline, 20. 
5-Amino-2-(4’-acetamidophenylamino)pyridine, 593. 
8-Acetamido-4-methoxyquinaldine, 416. 
Ethyl 2-ethoxyquinoxaline-3-carboxylate, 625. 
3:6:9-Trimethylisoalloxazine hydrate, 700. 
B-Bromo-f-4-i:sopropylbenzoylpropionic acid, 457. 
C,,H,,N.I 9-Aminodihydro-8-quinindene methiodide, 20. 
C,,;H,,0.N rit -Methylaminoethyl)-a-phenylbutyrolactone, and its hydrochloride, 318. 
C,,H,,N.Cl 3-Dimethylaminoquinaldine methochloride, 869. 


CisH Nat 3-Dimethylaminoquinaldine methiodide, 869. 
2 


C,,H,.0. 3-(B-Methylaminoethyl)-3-pheny]-2-pyrrolidone, and its hydrochloride, 317. 
4-Phenyl- 1-methylpiperidine-4-carboxyamide, 317. 
C,;H,,0,8 p-Acetoxyphenyl 3-methyl-n-butanesulphonate, 17. 
1gflieN,Cl, _Hexamine-chlorobenzyl chlorides, 294. 
1944190 d-Arabono-o-4-xylidide, 167. 
C,,H.,ON, 0o-Acetamidobenzyldiethylamine, 696. 
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€,;H.,0.8 2:5-Dimethoxyphenylisoamy] sulphide, 17. 
lisoamylsulphones, 17. 
piperidine methiodide, 918. 
ethylaminopropyl)aniline, picrate of, 701. 
N-(d-Arabityl)-o-4-xylidine, 167. 
os 536. 
ecene semicarbazone, 394. 


13 IV 
C,;H,0,N,Cl, 4:4’-Dichloro-3:3’:5:5’-tetranitrobenzophenone, 805. 
C,;H,0,N,Cl, 1:1:1-Trichloro-2:2-di-(4-chloro-3:5-dinitropheny]) ethane, 805. 
Bromo-1-azanthraquinones, 832. 
9-Chlorodibromo-1l-azanthracene, 831. 
C,,;H,0.N.Cl 9-Chloro-6-nitro-l-azanthracene, 832. 
9-Chloro-10-nitro-1-azanthracene, 831. 
C,,H,NCIBr 9-Chloro-6-bromo-l-azanthracene, 832. 
9-Chloro-10-bromo-1l-azanthracene, 831. 
C,,H,O.NS p-Benzenesulphonylbenzonitrile, 637. 
C,3;H,o0,N,S8e 2-Acetamido-4’-hydroxynaphthaselenazole, dihydrochloride of, 629. 
C,;H,,0,N.8. 2-Acetamido-4’-acetoxythionaphtheno-7’:6’:4:5-thiazole, 460. 
C,,H,,0ONS 4’-Hydroxydimethylnaphtha-1’:2’:4:5-thiazoles, 459. 
4’-Methoxy-2-methylnaphtha-1’:2’:4:5-thiazole, 459. 
C,,H,,ONS, 4’-Hydroxy-2-ethylthionaphtha-1’:2’:4:5-thiazole, 459. 
4’- Hydroxy-2-methylthio-6’-methylnaphtha-Y:2’:4:5-thiazole, 459. 
4’-Methoxy-2-methylthionaphtha-1’:2’:4:5-thiazole, 459. 
C,;H,,ON,S8 1-Acetamido-3-azaphenthiazine, 592. 
C,,H,,0.NS 4’-Hydeoxy-@’ -sacthoixy-2-sncthe/maphihe-1’:3's4:5-thiesole, 459. 
C,,;H,,0.N,S Sulphanilamidobenzonitriles, 738. 
Sulphanilamidophenyl cyanides, 863. 
C,;H,,0,C1IS m-Anisyl p-chlorobenzenesulphonate, 16. 
C,,H,,0,NS 4’-Nitro-4-methoxydiphenylsulphone, 468. 
C,;H,,0,NS Anisyl nitrobenzenesulphonates, 15, 16. 
C,;H,,ON. 2-Imino-4’-methoxy-3-methy]-2:3-dihydronaphthaselenazole, 629. 
C,,;H,,0.N.S p-Benzenesulphonylbenzamidine, hydrochloride of, 638. 
C,,;H,,0,N,8 Ethyl 2-p-nitrobenzenesulphonamido-4-hydroxypyrimidine-6-carboxylate, 691. 
C,,H,,0. p-Aminophenylbenzylsulphone, 570. 
“-6-(4-Phenyl-2-methylthiazole}propionic acid, 458. 
4-(4’-Tolyl)-2-methylthiazole-5-acetic acid, 458. 
C,,H,,0,.N8, 2-Ethylthio-4-phenylthiazole-5-acetic acid, 458. 
2-Methylthio-4-(4’-tolyl)thiazole-5-acetic acid, 458. 
C,,H,,0.N,8 N-p-Sulphamidophenyl-N’-phenylformamidine, 689. 
C,;H,,;0,NS 4-Amino-2’-hydroxy-5’-methyldiphenylsulphone, 468. 
4’-Amino-4-methoxydiphenylsulphone, 468. 
Benzylsulphanilic acid, 243. 
4-(4’-Methoxypheny])-2-methylthiazole-5-acetic acid, 458. 
C,;3H,,0,N,8 o-Sulphanilamidobenzamide, 863. 
Sulphanilamidobenzamides, 734. 
C,;H,,0,NS_ ’-Aminophenylsulphonyltoluquinol, 633. 
Anisyl sulphanilates, 15, 16. 
C,;H,,ON.S 2:4-Dimethylthiazole-5-benzylamide, 603. 
C,,;H,,0.N.8 p-Sulphonamidobenzylaniline, 240. 
C,;H,,0,N,8 2-p-Acetamidobenzenesulphonamido-4-hydroxy-6-methylpyrimidine, 691. 
C,;H,,0,N,8 Ethyl 2-p-aminobenzenesulphonamido-4-hydroxypyrimidine-6-carboxylate, 691. 
i3H,,0,.N,8 2-p-Aminobenzenesulphonamido-4-methy1!-6-ethylpyrimidine, 692. 
2-p-Aminobenzenesulphonamido-4:5:6-trimethylpyrimidine, 692. 
C,;H,,0,N,Cl 3-Amino-6:7-dimethoxyquinaldine methochloride, 869. 
13H,,0,NS Ethyl a-(p-acetamidobenzenesulphony])propionate, 569. 
Ethyl B-(p-acetamidobenzenesulphonyl)propionate, 570. 
C,,H,,0.N Sanataian-p-altecbunanl Gadi 293. 
ae Hexamine-o-nitrobenzyl iodide, 293. 
19 p-Toluenesulphonylcyclohexylamine, 696. 
H,,0,N.8 8-Piperidinoethanesulphonanilide, and its hydrochloride, 466. 
0.N.8 p-Aminophenyl-y-diethylaminopropylsulphone, and its dihydrochloride, 829. 
y-Diethylamino-a-p-aminophenylsulphonylpropane, sulphate of, 632. 


13 V 
C,,H,,ONCIS 6’-Chloro-4’-methoxy-2-methylnaphtha-1’:2’:4:5-thiazole, 459. 


C,, Group. 
C,H. 1:1-Diphenylethylene, oxidation of, with perbenzoic acid, 247. 
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C,,H.N, iene, 411. 
«H,Br, 3:6-Dibromophenanthrene, 169. 


A: 


5- 


C, 
Cie Propenylethinylearbinyl hydrogen phthalates, 274. 
14441 
e 


7-Amino-9-methylphenanthridine, 21. 
thylaminoacridine, and its hydrochloride, 550. 


967 





140—14 IV Formula Index. 


C,,H,,As 2-Phenylisoarsindoline, 32. 
C,,H,,0, Ethyl l-naphthylacetate, 418. - 
cycloPentane-1-(a-hydroxystyryl)-1-carboxylic lactone, 924. 
C,,H,,0, Hexa-3:5:dien-2-ol hydrogen phthalate, 90. 
14H2,0, n-Butyleugenols, 490. 
C,,H..O, Ethyl olivetolcarboxylate, 312. 
C,,H,,0, Dimethyl 3-a-acetoxyethyl-4*-cyclohexene-1:2-dicarboxylate, 90. 
Ethyl hydrogen 3-a-acetoxy-4‘-cyclohexene-1:2-dicarboxylate, 90. 
2:9-Diethoxydeca-3:7-dien-5-yne, 83. 
Ethyl dihydro-olivetolcarboxylate, 312. 
Ethyl 2:5:6-triacetoxyhexoate, 3. 
1:2:5:6-Tetra-acetoxyhexane, 2. 
C,,H.;N, 5-Diethylamino-a-methylbutylaminopyridines, 769. 


14 It 
C,,H,O.N, 4-p-Nitrophenylphthalonitrile, 411. 
C,,H,ON Phenanthraquinoneimine, action of aldehydes on, in sunlight, 197. 
C,,H,NCl, 1:5-Dichloro-8-methylacridine, 698. 
1:5-Dichloro-9-methylacridine, 697. 
2:5-Dichloro-9-methylacridine, 698. 
C,,H,,O.N, 4-Hydroxy-2-furyl-5-phenylpyrimidine, 351. 
14H,90,.N, 6-Nitro-4-anilinocinnoline, 518. 
C,,H,,.N.Cl, 1:1-Dichloro-2:2-di-(4-chloro-3-aminophenyl)ethylene, 805. 
14H,,0N, Acetamidobenzocinnolines, 825. 
7-Acetamido-5:6-benzquinoxaline, 793. 
C,,H,,0,Br §8-Bromo-8-naphthoylpropionic acids, 457. 
14H,,0,N, 3:4-Methylenedioxy-m-nitrobenzylidenehydrazone, 705. 
146,,0;,N, Benzaldehyde 2:4-dinitrophenylsemicarbazone, 714. 
14H,,ON, 3-Acetamidocarbazole, 825. 
C,,H,,0,N, 5-Formyl-2-methyl-3-furyl methyl ketone dinitrophenylhydrazone, 118. 
14H,;0N, 4-Cyano-6-acetamido-2:3-dimethylquinoline, 20. 
C€,,H,,0As 2-Phenylisoarsindoline oxide, 32. 
C,,H,,SAs 2-Phenylisoarsindoline sulphide, 33. 
C,,H,,ON, 4’-Amino-2-acetamidodiphenyl, 21. 
H,.0.N, 1:4-Diaminonaphthalene, 793. 
C,,H,,0,N, Ethyl 5-acetamido-4-hydroxyquinoline-2-carboxylate, 377. 
C,,H,,0,8 o-Anisyl p-toluenesulphonate, 16. 
Dimethoxydiphenylsulphones, 16. 
C,,H,,0,8 so-duinsl aeatimeranenenee honate, 16. 
14H,,0,N, 2-Keto-3-ethoxy-4-acetyldihydrofuran 3:5-dinitrophenylhydrazone, 578. 
C,,H,,ON, 2:2’-Diamino-5-acetamidodipheny]l, and its dihydrochloride, 825. 
4-Hydroxy-2-pheny]-5:6-(1’:2’:3’:6’-tetrahydro-1’-methyl-5’:4’-pyrido)pyrimidine, 401. 
C,,H,,0,N 4-Methylhex-3-en-5-yn-2-ol phenylurethane, 94, 
14H,,;0.N, 2-Diacetaminonicotyrine, 605. 
C,,H,;0,As 2-Phenylisoarsindoline dihydroxide, 32. 
C,,H,,0,P Dibenzyl hydrogen phosphite, 384. 
14H,,0,N, 3-Acetamido-6:7-dimethoxyquinaldine, 869. 
2-Keto-3-ethoxy-4-acetyldihydrofuran phenylhydrazone, 578. 
C,,H,,0,N, Ethyl 4-hydroxy-6:7-dimethoxycinnoline-3-acetate, 524. 
C,,H,,0,N 7-Acetoxy-6-methoxy-1:3-dimethyl-3:4-dihydroisoquinoline, and its salts, 535. 
14Hy,N,I 5-Aminotetrahydroacridine methiodide, 21. 
C,,H,,0,N, 2-Ethylcyclohexanone 2:4-dinitrophenylhydrazone, 279. 
14H;,0,Br, Ethyl dibromo-olivetolcarboxylate, 312. 
14H,,;0,N, 4-Methylhexan-2-ol 3:5-dinitrobenzoate, 94. 
C,,H,,ON 1-Acetyl-2-benzylpiperidine, 918. 
6-Phenyl-1:2:2-trimethyl-4-piperidone, 919. 
C,,H,,0,N -(8’-Ethylaminoethyl)-a-phenylbutyrolactone, and its hydrochloride, 318. 
14H,,0,N 6-(4’-Hydroxy-3’-methoxypheny])-2:2-dimethyl-4-piperidone, 919. 
C,,H,,0,N 4-Acetoxy-3-methoxy-8-phenylacetoisopropylamide, 535. 
C,,H,,0;,N Ethyl £-(6-aminoveratroyl)propionate, 524. 
14H,,0,8 Ethyl a-(p-acetamidobenzenesulphonyl)-n-butyrate, 569. 
C,,H,,ON 1-8-Hydroxyethyl-2-benzylpiperidine, 918. 
C,,H,,0,N 2:3-Dimethyl glucose anilide, 781. 
C,,H..0,N, 2:6-Dimethyl galactonic acid phenylhydrazide, 694. 
C,,H,,0,N, Tetrahydropyrethrolone acetate semicarbazone, 414. 
C,,H,,ON, 2-Keto-4!2-tridecene semicarbazone, 395. 


14 IV 
C,,H,0,N,Cl, 1:1-Dichloro-2:2-di-(4-chloro-3:5-dinitrophenyl)ethylene, 805. 
C,,H,O N,Ci, 1:1-Dichloro-2:2-di-(4-chloro-3-nitrophenyl)ethylene, 805. 
1.H,0,NS 3’-Keto-2-methylbenzcoumarano-5’:4’-4:5.thiazole, 460. 
C,.H,oONC] 1-Chloro-9-methylacridone, 697. 
Cl 8-Chloro-5-amino-3-methoxyacridine, and its salts, 36. 
§ 4’-Acetoxy-2-methylnaphtha-1’:2’:4:5-thiazole, 459. 


Wu 5-Bromo-4’-nitro-2-acetamidodiphenyl, 299. 
1443.0 2-Chloro-5:10-dihydroxy-7-methoxyacridine, 697. 
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C,,H,,0,NCl 2-Chloro-2’-methyldiphenylamine-6’-carboxylic acid, 697. 
2’-Chloro-5-methyldiphenylamine-2-carboxylic acid, 698. 
5-Chloro-2’-methyldiphenylamine-2-carboxylic acid, 698. 

C,,.H,,0,N,8 4-Nitroacetamidohydroxydipheny] sulphide, 469. 

C..H.0NaHe 3-Nitro-2-acetoxymercuri-aceto-1-naphthalide, 842. 

C,,H,,0,N.Hg, 3-Nitro-1-naphthylamine-2:4-dimercuriacetate, 125. 

C.,H,,ONS 4’-Ethoxy-2-methylnaphtha-1’:2’:4:5-thiazole, 459. 
4’-Hydroxy-2-methyl-6’-ethylnaphtha-1’:2’:4:5-thiazole, 459. 
4’-Hydroxy-2:6’:8’-trimethylnaphtha-1’:2’:4:5-thiazole, 459. 
4’-Methoxydimethylnaphtha-1’:2’:4:5-thiazoles, 459. 

C,,.H,,ONS, 4’-Methoxy-2-methylthio-6’-methylnaphtha-1’:2’:4:5-thiazole, 459. 
4H,,0,.NS 4’:6’-Dimethoxy-2-methylnaphtha-1’:2’:4:5-thiazole, 459. 
4’-Hydroxy-6’-ethoxy-2-methylnaphtha-1’:2’:4:5-thiazole, 459. 

C,,H,,0,N,8 p-Sulphanilamidobenzyl cyanide, 864. 

C,,H,,0;NS p-Aminophenylphenacylsulphone, 570. 

C,,H,;0;N,8 Sulphanilamidomethoxyphenyl cyanides, 864. 

C,,H,,0,NS 4-Nitro-2’:4’-dimethoxydipheny] sulphide, 15. 
4-Nitro-3’:5’-dimethoxydiphenyl caaniie. 469. 

C,,H,;0,C1IS 4-Chloro-2’:4’-dimethoxydiphenylsulphone, 16. 

C,,H,,0,NS 2-p’-Acetamidophenylsulphonylquinol, 632. 

C,,.H,;0,NS 4-Nitro-2’:4’-dimethoxydiphenylsulphone, 15. 
4-Nitro-3’:5’-dimethoxydiphenylsulphone, 469. 

C,,H,;0,N,8 3:5-Dinitro-4-p-toluenesulphonamidoanisole, 792. 

C,,H,,ON.S O-Benzyl-N-phenylaminothiourethane, 671. 

C,,H,,ON,S, 5-3’-(4’-Methyldihydro-2’:4’-benzthiazylidene)-3-ethylrhodanine, 228. 

C,,H,,OBrAs 2-Phenylisoarsindoline hydroxybromide, 33. 

C,,H,,0.N.8 N-Toluene-p-sulphonyl-N’-phenylformamidine, 688. 

C,,H,,0,N.8, 5.3’-(4’. Methyldihydro-2’:4’-benzthiazylidene),4-keto-2-thio-3-ethyltetrahydro-oxazole, 228. 

C,,H,,0,NAs 2-Phenylisoarsindoline hydroxynitrate, 32. 

C,,H,,0,N.8 Methyl sulphanilamidobenzoates, 734. 

C,,H,,0,PAg Silver dibenzyl phosphate, 384. 

C,,H,,0;N,8 2-p-Acetamidobenzenesulphonamido-4-methylpyrimidine-6-carboxylic acid, 691. 

C,,H,,0.NS 4-(2’:4’-Dimethylphenyl)-2-methylthiazole-5-acetic acid, 458. 
4-(4’-Ethylphenyl)-2-methylthiazole-5-acetic acid, 458. 

C,,H,;0,NS 4-(4’-Ethoxyphenyl)-2-methylthiazole-5-acetic acid, 458. 

C,,H,;0,N,8 4-Sulphanilamido-N-methylbenzamide, 736. 

C,,H,;0,NS 4-Amino-2’:4’-dimethoxydiphenylsulphone, 15. 
4-Amino-3’;5’-dimethoxydiphenylsulphone, 469. 
3-p’-Aminophenylsulphonyl-p-xyloquinol, 633. . 

C,.H,,0,N,S 2-p-Acetamidobenzenesulphonamido-4-methylpyrimidine-6-carboxylamide, 691. 

C,,H,,NCI 7-Chlorotetrahydroacridine methiodide, 21. 

C,,H,,0,N.8 p-Sulphonmethylamidobenzylaniline, 242. 

u4H,,0,N,8 p-Sulphonguanylamidobenzylaniline, 242. 

C,,.H,,0,N,S, op- Bis-(p-aminophenylulphony)ethane, and its dihydrochloride, 829. 

C,,H,,0,N, elluroxan hydroxy-picrolonate, 13. 

C,,H,,ON,I 4-Acetamido-2:3-dimethylquinoline methiodide, 20. 

14H,,0,N,8, 8-Sulphanilamidoethanesulphonanilide, 467. 
C,.H,,O,NS J1-Hydroxy-N-acetyl-O-toluene-p-sulphonylproline, 431. 
14H,,0,N,S 2-p-Aminobenzenesulphonamido-4:6-diethylpyrimidine, 692. 

C,,H,,0,N,S 4 Mothylthiacole-9:5-dicarboxybismorpholns. 602. 

C,,H,,0,NS 2-Ethylcyclohexylbenzenesulphonamides, 279. 

C,,.H,,.ONBr 1-B-Hydroxyethyl-2-benzylpiperidine hydrobromide, 918. 

C,,H,,0,N,8 8-cycloHexylaminoethanesulphonanilide, and its hydrochloride, 466. 

C,,H,,0,N,8 8-Diethylamino-a-p-acetamidophenylsulphonylethane, 632. 

C,,H,,0,N,8 4-Methylthiazole-2:5-dicarboxybisdiethylamide, 602. 

C,,H,,0 Diisobutyl anilinophosphonate, 874. 

C,,H,.0,N,8 cycloHexylaminoethanesulphoncyclohexylamide, 467. 

C,,H,.0,N,Cl, cis-N N’-Di-(8-acetoxyethyl)-N N’-dimethylpiperazinium dichloride, 835. 


14V 
C,,H,O,NCIS Chlorothionaphthenquinone-2-p-hydroxyanils, 901. 
C,,.H,O,NCIS p-Phthalimidobenzenesulphonyl chloride, 115. 
C,,H,.0,NCIS 6’-Chloro-4’-acetoxy-2-methylnaphtha-1’:2’:4:5-thiazole, 459. 
14H,,ONCIS 6’-Chloro-4’-ethoxy-2-methylnaphtha-1’:2’:4:5-thiazole, 459. 
C,,.H,,0,NCIS p-Toluenesulphonylanthranilyl chloride, 652. 
14H,,0,NCIS 5-Chloro-p’-acetamidophenylsulphonylquinol, 633. 
14H,,;0N,CIS O-p-Chlorobenzyl-N-p caglntalte thipuneliinnn, 671. 


C,, Group. 
C,,H,N 1-Azapyrene, and its picrate, 398. 
C,,H,,0, 1-Acetylfluorenone, 10. 
1 Hydroxy-2-phenanthraldeh de, 398. 
C,;H,.0, 1-Hydroxy-4-(2’-furyl)naphthalene-3-carboxylic acid, 191. 
4-Hy oxy-7-phenyleoumarone-6-carboxylic acid, 190. 
1-Keto-3-(2’-furyl)indene-2-acetic acid, 191. 
C,,H,,N, 5-Ethylaminoacridine, and its hydrochloride, 550. 
C,;H,,0, Se ony meeayiamaketo-1:2:6-seteabydrophenanthrenes, 397. 
154,20, y-Phenyl-y-(2-furyl)itaconic acids, 190. 
C,,H,,N 2:9-Dimethylphenanthridine, 22. 
C,,H,,0, 4-Benzyloxy-3-methoxybenzaldehyde, 920. 
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C,;H,,0, 7-Methoxy-l-acetoxyacetylnaphthalene, 540. 
15640; y-Phenyl-y-(2-furyl)pyroracemic acids, 190. 
C,;H,,.N, 5-Dimethylaminoacridine, 550. 
C,,H,,0, 2-Hydroxy-9-keto-3’:2’:3:4-furofluorene, 191. 
C,;H..0, -Amyleugenols, 490. 
C,;H,..0, Leptospermone, 706. 
15640 1-(1’-Hydroxy-3’:5’:5’-trimethyl-4?-cyclohexenyl)hex-l-yne, 94. 
1-(3’-Hydroxy-3’:5’:5’-trimethyl-41-cyclohexenyl) hex-l-yne, 94. 
C,;H,,N, 2-8-Diethylaminoethyl-1:2:3:4-tetrahydroisoquinoline, and its salts, 35. 


15 Il 
C,;H,0.Br, 3:6-Dibromophenanthrene-9-carboxylic acid, 168. 
C,;H,,ON, 4-Methoxyphenylphthalonitrile, 411. 
a 4-Formamidophenanthrene, 398. 
C,;H,,0Cl Chloromethyleneketo-1:2:3:4-tetrahydrophenanthrenes, 397. 
C,;H,,0.N 1-Hydroxy-2-phenanthraldoxime, 398. 
C,,H,,0,N 7-Acetamido-2-hydroxyfluorenone, 930. 
7-Amino-2-hydroxyfluorene, 930. 
C,;H,,ON, Benzoyl-2-methyl-7-azaindole, 606. 
N-Benzoyl-o-tolyleyanamide, 620. 
C,;H,.0.N, 1-Acetylfluorenone dioxime, 10. 
5-Carboxymethylaminoacridine, and its salts, 551. 
C,;H,,0,N, Nitrobenzamidoacetophenones, 629. 
C,H, N 2-Aminomethylene-1-keto-1:2:3:4-tetrahydrophenanthrene, 397. 
Dimethylacridones, 187. 
C,;H,,0.N Ethyl] carbazole-1-carboxylate, 533. 
C,;H,;0,N 5-Hydroxy-2-benzamidoacctophenone, 654. 
Anisyl p-nitrobenzoate, 813. 
Benzy1-2:3-dihydro-2-methyl-7-azaindole, 606. 
SS’-Dibenzy] dithiocarbonate, 673. 
2 5-Amino-2-benzamidoacetophenone, 654. 
2-(p-Nitrophenyl)-1:2:3:4-tetrahydroisoquinoline, 36. 
C,;H,,0,N, 5:9-Diacetamido-3-azaphenoxazine, 315. 
C, ;H,,0,N, ~ es 1-(2”:4’’-dinitropheny])-3:4-pyrazolo-3’:4’-tetrahydropyrane-2’(6’)-carboxylate, 576. 
C,;H,,0,N, Methyl dihydrochelidonate dinitrophenylhydrazone, 575. 
2-Acetamido-4-methyldiphenyl, 22. 
3-Diacetamido-6:7-dimethoxy quinoline, 869. 
C,;H,,0,8 3:4-Dimethoxy-4’-methyldiphenylsulphone, 16. 
C,;H,,0;8 2:4:4’-Trimethoxydiphenylsulphone, 16. 
C,;H,,IAs 2-Phenyl-2-methylisoarsindolinium iodide, 23. 
C,;H,,ON Dimethyltetrahydroacridones, 187. 
C,;H,,NI 7-Methyltetrahydroacridine methiodide, 20. 
Tetrahydroacridine ethiodide, 21. 
C,;H,,0;N Benzylmalonopiperidinic acid, and its salts, 848. 
C,;H,,0,Br, Tribromoleptospermone, 708. 
C,;H.,0,8 2:5-Diacetoxyphenylisoamylsulphone, 17. 
C, ,H,,0.N en ydroxyethyl)-1-n-propyl-2-pyrrolidone, 318. 
a-(B’-n-Propylaminoethyl)-a-phenylbutyrolactone, and its hydrochloride, 318. 
C,;H,,0,8 1-Di-(8-hydroxyethyl)amino-5-pheny]-4‘-penten-3-one, hydrochloride of, 128. 
C,;H,,ON 1-8-Methoxyethyl-2-benzylpiperidine, 919. 
C,;H,,;0,N 3:5-Dimethylhexan-3-ol phenylurethanes, 93. 
C,;H.,0,N 2:3:4-Trimethy] l-fucose anilide, 748. 
sH,,0.N, 0-Nitro-N-(3-diethylamino-2-methylbutyl)aniline, picrate of, 700. 
C,;H,.,ON, /-a-Thujene nitrolpiperidine, 811. 
C,;H,,ON, 3-3-Diethylamino-a-methylbutylamino-6-methoxypyridine, 769. 
C,;H.,0,P Tri-(a-carbethoxyethyl) phosphite, 855. 
C,;H,,0,.P Tri-a-carbethoxyethyl phosphate, 857. 


15 IV 

C,;H,O,NBr, cis-4:4’-Dibromo-2’-nitrostilbene-a-carboxylic acid, 168. 
C,;H,,0,NBr, cis-4:4’-Dibromo-2’-aminostilbene-a-carboxylic acid, 168. 
C,,H,,0,.NS Methylthionaphthenquinone-2-p-hydroxyanils, 901. 
C,,H,,001,8, S9S’-Bis-p-chlorobenzyl dithiocarbonate, 672. 

0-p-Chlorobenzyl-S-p-chlorobenzyl xanthate, 673. 
C,;H,,0,NCl 5-Chloro-2-benzamidoacetophenone, 654. 

1 5His 5-Bromo-2-benzamidoacetophenone, 657. 

C,;H,,0,N.$ 2-Amino-4-naphthylthiazole-5-acetic acids, 458. 
C,;H,.C,N.8 2-Acetamido-4’-acetoxynaphtha-1’:2’:4:5-thiazole, 459. 
C, ,H,,.0,N 2-Acetamido-4’-acetoxynaphtha-1’:2’:4:5-selenazole, 629. 
C,H, 2 S-Benzyl S’-p-chlorobenzyl] dithiocarbonate, 671. 

0-Benzyl S-p-chlorobenzyl xanthate, 671. 

O-p-Chlorobenzyl S-benzyl xanthate, 671. 
C,;H,,0,NS 4’-Acetoxydimethylnaphtha-1’:2’:4:5-thiazoles, 459. 

4-H droxy-3’-acetyl-2:6’-dimethylnaphtha-1’:2’:4:5-thiazole, 460. 
C,;H,,0,NS, 4’-Acetoxy-2-ethylthionaphtha-1’:2’:4:5-thiazole, 459. 

4’-Acetoxy-2-methylthio-6’-methylnaphtha-1’:2’:4:5-thiazole, 459. 
C,;H,,0,NS 4’-Acetoxy-6’-methoxy-2-methylnaphtha-1’:2’:4:5-thiazole, 459. 
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C,;H,;0,N,8 N*-Acetyl-3-sulphanilamidobenzonitrile, 738. 
N*-Acetyl-4-sulphanilamidobenzonitrile, 735. 
N‘-Acetylsulphanilamidophenyl cyanides, 863. 

C,,H,,0. 2-Acetimido-4’-methoxy-3-methyl-2:3-dihydronaphthaselenazole, 629. 

C,H, ;0. 4’-Ethoxydimethylnaphtha-1’:2’:4:5-thiazoles, 459. 
4’-Hydroxy-2-methy1-6’-isopropylnaphtha-1’:2’:4:5-thiazole, 459. 
4’-Methoxy-2-methy]-6’-ethylnaphtha-1’:2’:4:5-thiazole, 459. 
4’-Methoxy-2:6’:8’-trimethylnaphtha-1’:2’:4:5-thiazole, 459. 

C,;H,,0,.NS 4’-Methoxy-6’-ethoxy-2-methylnaphtha-1’:2’:4:5-thiazole, 459. 
6’-Methoxy-4’-ethoxy-2-methylnaphtha-1’:2’:4:5-thiazole, 459. 

C,;H,;0,N,8 N-Acetylsulphanilyl-N’-phenylformamidine, 688. 

C,;H,,0,NS 4-Acetamido-2’-hydroxy-5’-methyldiphenylsulphone, 468. 
B-(p-Aminobenzenesulphonyl)-8-phenylpropionic acid, 571. 

C,;H,,0,N,8 N*-Acetylsulphanilamidobenzamides, 735. 
o-N*-Acetylsulphanilamidobenzamide, 863. 

C,;H,,0,NS p’-Acetamidophenylsulphonyltoluquinol, 633. 
m-Anisyl m-acetamidobenzenesulphonate, 16. 

C,;H,,ON.S8 O-p-Methylbenzyl-N-phenylamino-thiourethane, 672. 

C,;H,,0;N.8 Acetosulphonamidobenzylanilides, 241. 

C,;H,,0,N.8 §8-Phenylaminoethanesulphonylanthranilic acid, and its hydrochloride, 466. 

C,;H,,0 9-Acetamidodihydro-8-quinindene methiodide, 20. 

C,,H,,0 4-(4’-isoPropylphenyl)-2-methylthiazole-5-acetic acid, 458. 

C,;H,,0,N,8 4-Sulphanilamido-N N-dimethylbenzamide, 737. 
4-Sulphanilamido-N-ethylbenzamide, 736. 

C,;H,,0,N,8, N-(Sulphanilamidoethanesulphonyl)anthranilic acid, 467. 

C,,H,.ONI 7-Methoxytetrahydroacridine methiodide, 20. 

C,;H,,0.N.8 §-Phenylaminoethanesulphon-p-toluidide, and its hydrochloride, 466. 
5H,,0,N.8, Methyl p-toluenesulphonimidosulphine-p-toluenesulphonylimine, 674. 

C, ;H,,0.N. B-Sulphanilamidoethanesulphon-p-anisidide, 467. 

C,H, N. [2-(3-Methyldihydro-1:3-thiazine) ][3-(4-methyl-2:4-benzthiazine)}methincyanine iodide, 227. 

0.N,Cl Chloro-2-nitro-N 4 tinteylemsins-o-methutyl allio, picrates of, 701. 


C, ;,H.,0: Acet-(8-diethylaminoethyl)anilide methiodide, 825. 
250,N,8 p-Methanesulphonyl-N-y-diethylaminopropylbenzamidine, dihydrochloride of, 638. 


15 V 
C,;H,,0,NCIS Acetochlorosulphonylbenzylanilides, 241. 


C,, Group. 


C,,H,. Pyrene, catalytic hydrogenation of, 286. 

C,,H,, 8-Dibenzylcyclooctadiene, 28. 
2:3-Dimethyl1-9:10-dihydroanthracene, 30. 

C,.H,, 2:3’:4’-Trimethyldiphenylmethane, 30. 

C, Heo pe, teats nsec 287. 

C,,.H., Hexadecahydropyrenes, 288. 


C,,H,N. Phenanthrene-3:6-dinitrile, 169. 
C,,H,,O 4:5-(1’:2’-Naphtha)coumarone, 399. 
¢Hy.0; 9-Keto-2-methoxy-3’:2’:3:4-furofluorene, 191. 
1eHioN, 3:4-Benz-5:7-diazaphenanthrene, and its picrate, 399. 
1e¢Hy,;N 2-Methyl-l-azapyrene, and its picrate, 398. 
C,.H,,0. -3-Hydroxy-4-phenanthrylethylene oxide, 399. 
1¢Hy2N. 9:10-Dihydro-3:4-benz-5:7-diazaphenanthrene, and its picrate, 399. 
C,,H,,0, 3:3’-Diacetyldiphenyl, 655. 
Methoxy methyleneketo-1:2:3:4-tetrahydrophenanthrenes, 397. 
C,.H,,N, Phenanthrene-3:6-diamidine, and its dihydrochloride, 167. 
2:3’:4’-Trimethylbenzophenone, 30. 
5-Propylaminoacridines, and their hydrochlorides, 550. 
Bis-(B-phenylethyl)amine, salts of, 441. 
20,- Di-8-carbethoxyethoxybenzenes, 921. 
C,,H.,0, . Ethyl (5-methy]-45-octenyl)malonate, 394. 
C,,H,,0, Ethyl (3-methyloctyl)malonate, 393. 


16 II 


16 Ii 
C,,H,,08, 2:3’-Dithioindoxylyl, 912. 
6H,,0;N 9-Keto-2-methoxy-3’:2’:3:4-furofluorene oxime, 191. 
3-Nitro-2-p-nitrobenzeneazo-1-naphthylamine, 125. 
N-(3’-Quinolyl)anthranilic acid, 928. 
3-Nitro-2-benzeneazo-1-naphthylamine, 125. 
4:4’. Dinitro-3:3’-diacetyldiphenyl, 655. 
C, ,H,,0. Pent-2-en-4-yn-1-ol a-naphthylurethane, 80. 
C,.H,,0) 7-Acetamido-9-methylphenanthridine, 21. 
¢H..05N. Di-8-cyanoethoxynaphthalenes, 920. 
C,,H,,0,8, Dibenzyl disulphurdicarbothionate, 676. 

16 His N Divinylearbinol a-naphthylurethane, 86. 
2-(3’:4’-Methylenedioxypheny])-1:2:3:4-tetrahydroisoquinoline, and its picrate, 36. 
Penta-2:4-dien-1-ol a-naphthylurethane, 87. 
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16 I1I—16 IV Formula Index. 


€,,.H,,;0,N 2-Amino-3-methoxyacetophenone, 656. 
2- Benzamido-5-methoxyacetophenone, 654. 
Benzylmalonanilic acids, and their salts, 845. 
C,,H,.N,Cl 3-Amino-2-phenylquinoline methochloride, 869. 
1644,,0S, S-Benzyl S’-p-methylbenzy] dithiocarbonate, 672. 
O-Benzyl S-p-methylbenzyl xanthate, 671. 
O-p-Methylbenzyl S-benzyl xanthate, 672. 
C,,.H,,NI 2:9-Dimethylphenanthridine methiodide, 22. 
C,,H,,BrAs As-spiro-Bisisoarsindolinium bromide, 33. 
Py : OF As-spiro-Bisisoarsindolinium iodide, 33. 
C,,H,;N,Cl f-Anilino-a-methylacraldehyde anil hydrochloride, 597. 
C,.H,.N,I, ¢trans-4:4’-Diamidinostilbene hydriodide tetraiodo-complex, 872. 
C,.H,,ON a-2-Acetylcyclohexylphenylacetonitrile, 440. 
€,,H,,ON 2:2-Dimethyl-3-isobutenylcyclopropane-1l-carboxyanilide, 285. 
€,,H,,0,N 4-Carbethoxy-3-phenyl-1 cthslainttitinn, 440. 
a-(B’-Diethylaminoethyl)-a-phenylbutyrolactone, and its hydrochloride, 318. 
Ethyl 4-phenyl-1-ethylpiperidine-4-carboxylate, and its hydrochloride, 317. 
3-Phenyl-3-(8-hydroxyethyl)-1-n-butyl-2-pyrrolidone, 318. 
C,,H,;0,N 1-Di-(8-hydroxyethyl)amino-5-(4’-methoxypheny])-4‘-penten-3-one, hydrochloride of, 128. 
1¢442,0,N, Di-8-amidinoethoxybenzene tartrates, 921. 
C,,;H,,ON 1-8-Ethoxyethyl-2-benzylpiperidine, 919. 
1¢H2,0,8, Quinol bis-3-methyl-n-butanesulphonate, 17. 


; 16 IV 
€,.H,0,C1,8, Dichlorothioindigos, 907. 
7:4’-Dichlorothioindirubin, 907. 
C,.H,0,CIS, Chlorothioindigos, 903. 
C,,H,O,.N 1-(2”:4:6”-Trinitrophenyl)-3(or 5)-methy]l-4:5-2’:3’(or 3:4-3’:2’)-thionaphthenopyrazole, 409. 
Cis _ s. 1-(2”:4’:6’-Trinitrophenyl)-3(or 5)-methyl-4:5-2’:3’ (or 3:4-3’:2’)-thionaphthenopyrazole 
S-dioxide, 409. 
C,.<H,,ONS Hydroxy-2-methylphenanthrathiazoles, 459. 
C,,H,,ONS, Hydrox S-estighthlephenenthentitensien, 459. 
C,,H,,0,N,8 1-(3’-Nitrophenyl)-3-methy]-4:5-2’:3’-thionaphthenopyrazole, 409. 
16H;,0.N,C1 3-Nitro-2-p-chlorobenzeneazo-1-naphthylamine, 125. 
C, .H,,0,N,8 1-(3’’-Nitrophenyl)-3-methyl-4:5-2’:3’-thionaphthenopyrazole S-dioxide, 409. 
C,.H,,0,N;8 1-p-Phthalimidobenzenesulphonamido-1:3:4-triazole, 115. 
C,.H,,0,C1,8, Di-p-chlorobenzyl disulphurdicarbothionate, 676. 
€,.H,,0;N,8 3-Hydroxy-2-acetyl-1-thionaphthen 2:4-dinitrophenylhydrazone, 408. 
C,.H,,0,N,8 §iilave4-o-nitee-p-talemnantl honamidoquinoline, 701. 
6H,,0,N,8 3-Hydroxy-2-acetyl-1-thionaphthen 1:1-dioxide 2:4-dinitrophenylhydrazone, 408. 
C,,.H,;0,NS 4-Naphthyl-2-methylthiazole-5-acetic acids, 458. 
€,.H,;0,NS, 2-Methylthio-4-(naphthyl)thiazole-5-acetic acids, 458. 
€,,H,,;0,NS 4’-Acetoxy-3’-acetyl-2-methylnaphtha-1’:2’:4:5-thiazole, 460. 
C,,H,,;0,N,8 3-Hydroxy-2-acety]-1-thionaphthen nitrophenylhydrazones, 408. 
€,,H,,0,N,8 3-Hydroxy-2-acetyl-1-thionaphthen dioxide 2-nitrophenylhydrazone, 408. 
€,,H,;0,NS 4-Nitro-2’:4’-diacetoxydiphenylsulphone, 469. 
C,,.H,,0.8,Pd Palladium bisbenzylxanthate, 686. 
C,,.H,,0,N,8 2-Acetamidoacetoxymethylnaphtha-1’:2’:4:5-thiazoles, 459. 
1644;40;N.Se 2-Acetamido-4’-acetoxymethylnaphthaselenazoles, 629. 
C,.H,,0,N.8 p-Aminophenyl-8-phthalimidoethylsulphone, 827. 
C,.H,,OCIS, S-p-Chlorobenzyl S’-p-methylbenzyl dithiocarbonate, 672. 
O-p-Chlorobenzyl S-p-methylbenzy] xanthate, 672. 
O-p-Methylbenzyl S-p-chlorobenzyl] xanthate, 672. 
€,,H,,0,.NS 4’-Acetoxy-2-methyl-6’-ethylnaphtha-1’:2’:4:5-thiazole, 459. 
4’-Acetoxy-2:6’:8’-trimethylnaphtha-1’:2’:4:5-thiazole, 459. 
Cc, .H, 0.N.S, 2-Sulphanilamidopheny]-4-methylthiazoles, 185. 
p-Sulphon-2’-thiazolylamidobenzylaniline, 242. 
€,,.H,;0,NS 4’-Acetoxy-6’-ethoxy-2-methylnaphtha-1’:2’:4:5-thiazole, 459. 
C,.H,,0,N.S p-N Se cyanide, 863. 
€,,.H,,0,NS p-Acetami ophenylphenacyleulphone, 570. 
130,N,8 N*-Acetylsulphanilamidomethoxyphenyl cyanides, 864. 
C,.H,,O,NS 4-Amino-2’:4’-diacetoxydiphenylsulphone, 469. 
€,.H,,.0,N.8, Dithioacetanilide, 829. 
€,.H,.0,N,8 (p-Aminobenzenesulphonamido)nicotyrines, 606. 
16H,,0,N.8, p-Acetamidophenyl p-acetamidobenzenethiolicsulphonate, 685. 
C,,.H,,0,N. 2:2-Dimethylisoarsindolinium picrate, 33. 
16Hy7 4’-Ethoxy-2-methy]-6’-ethylnaphtha-1’:2’:4:5-thiazole, 459. 
4’.Ethoxy-2:6’:8’-trimethylnaphtha-1’:2’:4:5-thiazole, 459. 
4’-Methoxy-2-methy]-6’-isopropylnaphtha-1’:2’:4:5-thiazole, 459. 
€,,.H,,0,NS 4’:6’-Diethoxy-2-methylnaphtha-1’:2’:4:5-thiazole, 459. 
A : Thiotsochromantoluene-p-sulphonylimine, 40. 
6H,;0,N,8 N*-Acetyl-4-sulphanilamido-N-methylbenzamide, 737. 
€,,H,,0 So dectamiteghiantenishens!-o-xy oquinol, 633. 
C,.H,,0,;N.8 Aceto-p-sulphonmethylamidobenzylanilide, 242. : 
C,.H,,0,N,8 Aceto-p-sulphonguanylamidobenzylanilide, 242. 
CeHON Ethyl 2-p-acetamidobenzenesulphonamido-4-methylpyrimidine-6-carboxylate, 691. 
C,.H,,0. Acetamidotetrahydroacridine methiodides, 21. 
€,.H;,0. 8 4-Sulphanilamid: 


o-N-n-propylbenzamide, 737. 
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Formula Index. 16 IV—17 I 


C,.H,,0,NS, Di-p-methanesulphonylbenzylamine, and its hydrochloride, 639. 
sN,8, Acetylsulphanilamidoethanesulphonanilide, 467. 
2 -p-Toluidinoethanesulphon-p-toluidide, and its hydrochloride, 467. 
B-p-Phenetidinoethanesulphonanilide, and its hydrochloride, 466. 
Bis-[5-(B-acetoxyethy])-4-methyl-2-thiazole] sulphide, 926. 
Bis-[5-(B-acetoxyethy])-4-methy]-2-thiazole} disulphide, 926. 
Bis-[5-(B-acetoxyethy])-4-methy]-2-thiazole]sulphone, 926. 
B-Sulphanilamidoethanesulphon-p-phenetidide, 467. 
5-Nitroso-6-amino-4-triacetyl-d-xylosidamino-2-methylthiopyrimidine-I, 559. 
i : 3 3-Methylpelargonic tribromoanilide, 393. 

C,.H,,0,N,8 2-p-Aminobenzenesulphonamido-4-methy]-6-n-amylpyrimidine, 692. 

C,.H,.O,NP Di-(l-carbethoxyethyl)anilinophosphonate, 874. 

C,¢H,,0,N,Cl, Di-y-ethoxy-y-iminopropoxybenzene hydrochlorides, 921. 

C,,H;,0,C1,P Di-8-octyloxyphosphory] chloride, 110. 


16 V 
C,.<H,,0,NCIS 4’-Hydroxy-3’-chloroacetyl-2-methylnaphtha-1’:2’:4:5-thiazole, 460. 
C,.H,;0,N.CIS 4-Chlorothionaphthenquinone-2-p-dimethylamino-anil, 901. 
a : OF *NBrS p-Acetamidophenyl-p’-bromophenacylsulphone, 570. 


C,, Group. 


C,,H,,0, 9-Keto-2-acetoxy-3’:2’:3:4-furofluorene, 191. 
17H,,N 6-Azachrysene, and its picrate, 398. 
3:4-Benz-5-azaphenanthrene, and its picrate, 398. 
€,,H,,0, 1-Acetoxy-4-(2’-furyl)naphthalene-3-carboxylic acid, 191. 
4-Acetoxy-7-phenylcoumarone-6-carboxylic acid, 191. 
C,,H,.N, 6-Methyl-3:4-benz-5:7-diazaphenanthrene, and its picrate, 399. 
5-Methy1-4:6-diazachrysene, and its picrate, 399. 
yg Oe remy and its hydrochloride, 809. 
QO, Ethyl-1-hydroxy-4-(2’-furyl)naphthalene-3-carboxylate, 191. 
Eth 1 4-hydroxy-7-phenylcoumarone-6-carboxylate, 190. 
C,H,.N. 6-Methy1-9:10-dihydro-3:4-benz-5:7-diazaphenanthrene, and its picrate, 399. 
5-Methyl-1:2-dihydro-4:6- iazachrysene, and its picrate, 399. 
C,,H,,0; 4 hydrogen y-pheny]-y-(2-furyl)itaconates, 190. 
€,,H,,.N, 1:5- arm a ~~ amma 129. 
C,,H,,0, a eugenols, 490. 
C,,H,,N, 5-isoButylaminoacridine, and its hydrochloride, 550. ° 
5-Diethylaminoacridine, and its hydrochloride, 551. 
C,,H.,N, 8-Dimethylaminopropiophenone phenylhydrazone, hydrochloride of, 128. 


17 It 
C,,H,,0,8, Methylthioindigos, 903. 
7’-Methylthioindirubin, 908. 
C,,H,,ON 5-Hydroxy-6-azachrysene, 397. 
C,,H,,0,C1 4-Chloro-8-naphthol benzoate, 282. 
C,,H,,0,C1 ee ee nnae Scaebonyl chloride, 191. 
C,,H,,0,Cl, 2:7-Bischloroacetylfluorene, 539. 
C,,H,,0,N, 1-Nitro-2-benzonaphthalide, 809. 
C,,H,,NCl 5-Chloro-1:2-dihydro-6-azachrysene, 397. 
C,,H,,ON 5-Hydroxy-1:2-dihydro-6-azachrysene, 397. 
€,,H,,ON, Benzylidenecyanoacetophenylmethylamide, 848. 
C,,H,,N.8 1-(4’-Tolyl)-3-methy]-4:5-2’:3’-thionaphthenopyrazole, 409. 
C,,H,,N.S, Methin-[2-(3-methyldihydrobenzthiazole)}[(3-2:4-benzthiazine)], 225. 
C,,H, SON Benzamidonicotyrines, 605. 
7H, ;0 N 2:4-Diketo-3-benzyl-1-methyl-1:2:3:4-tetrahydroquinoline, 847. 
3-Methylpent-2-en-4-yn-1-ol a-naphthylurethane, 93. 
3-Methylpent-4-en-1-yn-3-ol a-naphthylurethane, 93. 
Propenylethynylcarbinol oaightlaiuatean 83. 


€,,H,,0,N, Acetylvinylcarbamide, 731. 


7H,,0 Hexa-3:5-dien-2-ol a-naphthylurethane, 87. 
2-Met ylpenta-2:4-dien-1-ol a 87. 
Propenylvinylcarbinol a-naphthylurethane, 86. 
isoPropenylvinylcarbinol a-naphthylurethane, 86. 
C,,H,,0 -Amido- sedishenatianheale acid, 439. 
Benzylmalono-o-toluidic acid, and its salts, 845. 
C,,H,,0,Cl Benzoyl-8-chlorodihydroeugenol, 534. 
C,,H,,0,Br Seneca b-betmetiie droeugenol, 534. 
hate yy 4-pyrid Iphtha ates, 412. 
C,,.H SS’-Bis-p-methylbenzy] dithiocarbonate, 673. 
O-p-Methylbenzyl S-p-methylbenzy] xanthate, 673. 
C,,H,,0,.N 2-(3’:4’-Dimethoxylpheny])-1:2:3:4-tetrahydroisoquinoline, 36. 
3-a-Hydroxyethy oo hexene-1:2-dicarboxylic y-lactone p-toluidide, 87, 90. 
2-o-(Bromomethyl)benzy]l-2-methylisoarsindolinium bromide, 33. 
Riboflavin, 167. 
€,,H,.0,N, Ethyl ethoxymethylenetetrahydrocomanate 2:4-dinitrophenylhydrazone, 576. 
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17 M—18 0 Formula Index. 


C,,H,,ON 1-Keto-2-methylanilinomethylenehydrindane, 584. 
C,,-H,.0,N, Dihydrojasmone 2:4-dinitrophenylhydrazone, 414. 
7H.,N 8, Umbellulone thiosemicarbazidothiosemicarbazone, 98. 
C,,H,,0,N -(8’-Piperidinoethyl)-a-phenylbutyrolactone, and its hydrochloride, 318. 
C,,H,,0 4:4-Dicarbethoxy-1-phenylpiperidine, 919. 


C,,-H,,0.N Ethyl 4-phenyl-1-x-propylpiperidine-4-carboxylate, and its hydrochloride, 317. 
C,,H,,ON 1-Ethoxyethyl-6-phenyl-2:2-dimethylpiperidine, and its perchlorate, 919. 


17 IV 


C,,H,O,N,S 3-Hydroxy-2-acetyl-1-thionaphthen dioxide 2-methylphenylhydrazone, 409. 
17H, 0,C1,8, 


C,,H,0,CIS, 


7H: 


C,,H, ,05N, 
C,,H, ,0,N 
C,,H,,ON. 


3-Hydroxy-2-acetyl-1-thionaphthen dioxide 2-methoxyphenylhydrazone, 409. 
7-Acetamido-9-methylphenanthridine methiodide, 21. 
4’-Acetoxy-2-methy]-6’-isopropylnaphtha-1’:2’:4:5-thiazole, 459. 
B-(p-Acetamidobenzenesulphony])-8-phenylpropionic acid, 571. 

2-Ethoxyselenoisochromanium picrate, 41. 
C,,H,,0,N.8 p-Acetamidophenyl-8-benzamidoethylsulphone, 828. 
7H,,0) 4’-Ethoxy-2-methy]-6’-isopropylnaphtha-1’:2’:4:5-thiazole, 459. 
C,,H,,0,N,8 N*-Acetyl-4-sulphanilamido-N N-dimethylbenzamide, 737. 
N*-Acetyl-4-sulphanilamido-N-ethylbenzamide, 737. 
C,;H,,0,N,Br, Dibromopropamidine hydrobromide dibromo-complex, 872. 
7H.,0,N,Br, Dibromopropamidine hydrobromide tetrabromo-complex, 872. 
C,,H.,0;N,;8 4-Sulphanilamido-N-n-butylbenzamide, 737. 
C,,H,,0,N,8 9-Triacetyl-d-xylopyranosido-2-methylthioadenine, 561. 
6-Triacetyl-d-xylosidamino-2-methylthiopurine, 560. 
C,,H,,0.N.8 0-(p-Toluenesulphonamido)diethylaniline, 696. 
C,,H,,0,N.8 §->-dubhilentibemsodaehan--alanattitée, and its hydrochloride, 466. 
7H,;0,N,;8, 6-Amino-5-thioformamido-4-triacetyl-d-xylosidamino-2-methylthiopyrimidine, 560. 
C,,H.,0,N,8 Triacetyl-6-amino-5-formamido-4-d-xylosidamino-2-methylthiopyrimidine, 561. 
C,,H,,ONBr, 4:8-Dimethylpelargonic tribromoanilides, 394. 
Methyldecoic tribromoanilides, 393. 
C,,H;,0 n-Hexadecylearbamy] fluoride, 865. 
P 17 V 
C,,H,,0ON,CIS 2-Chloro-5-(2’-thiazolylamino)-7-methoxyacridine, 699. 
1:7H,,OCIBrSe. dl-2-p-Chlorophenacylselenoisochromanium bromide, 41. 
17g dl-2-p-Chlorophenacyltelluroisochromanium bromide, 43. 


17 VI 
C,,H,,OCI,HgSe Selenoisochromanium mercuritri-iodide, 42. 


C,, Group. 


C,sH,, 1:4-Diphenylbenzene, from cinnamaldehyde, 200. 
C,.H,, «¢-Diphenylhexatriene, from cinnamaldehyde, 200. 


18 II 
C,,.H,,0 Chrysenols, 291. 
C,.H,,0 3-Keto-3:4:5:6-tetrahydrochrysene, 291. 
C,,H,,0, 2-(2’-Naphthyl)phenylacetic acid, 290. 
140, Acetoxyacetylphenanthrenes, 539, 540. 
40, 2-n-Butylanthraquinone, 182. 
2-tert.-Butylanthraquinone, 181. 
4:4’-Diacetyistilbene, 537. 
y-1-(3:4-Dihydrophenanthryl)crotonic acid, 291. 
pg elle -1:2:3:4-tetrahydro-1:2-cyclopentenophenanthrene, 585. 
y-1-Phenanthrylbutyric acid, 291. 
€,.H,,0, Tetramethoxyphenanthraquinones, 179. 
CisHigO 2-tert.-Butyl-9-anthrone, 181. 
3’-Keto-2-methyl-1:2:3:4-tetrahydro-1:2-cyclopentenophenanthrene, 585. 
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Formula Index. 18 II—18 IV 


C,,H,,0, 2-Carboxy-4-tert.-butyldiphenylcarbinol lactone, 181. 
4:4’-Diacetyldibenzyl, 537. 
3’-Keto-7-hydroxy-2-methy]-1:2:3:4-tetrahydro-1:2-cyclopentenophenanthrene, 586. 

€,.H,,0, 2-(4’-tert.-Butylbenzoic)benzoic acid, 181. 

isN. 4-Cyano-1:4-diphenylpiperidine, 919. 

C,eH,sN,_ 1:3:5-Tri-(2’-pyridyl)trimethylenetriamine, 860. 

C,,H..0, 2-(4’-tert.-Butylbenzyl)benzoic acid, 181. 

. 2 5-tsoAmylaminoacridine, and its hydrochloride, 551. 
gH.,N ee ee 440. 

C, HN, Agree aminobenzocinnoline, and its salts, 826. 

€,,H.,N Bis-(8-phenylethyl)ethylamine, picrate of, 441. 

C, 3 Hexamine-benzyl chloride, 294. 

€,,H..N ee ee ee and its picrate, 440. 

€,,HsoN, 2-5-Diethylamino-a-methyl-n-buty]-1:2:3:4-tetrahydroisoquinoline, and its salts, 35. 


18 Ill 
Cc C18, 5:6’-Dichloro-7:4’-dimethylthioindigo, 903. 
: CoH On, 2-(2’-w-Diazoacetyl)phenylnaphthalene, 290. 
5-Hydroxy-4-cyano-1:2-dihydro-6-azachrysene, 397. 
€,,H,,0.8, Dimethylthioindigos, 906. 
€,,H,,ON Methylbenzacridones, 188. 
C,,.H,;0,N 5-Hydroxy-1:2-dihydro-6-azachrysene-4-carboxylic acid, 397. 
€,,H,,ON, 4-Benzanilinopyridine, 927. 
sH,,0,Br, 4:4’-Bisbromoacetylstilbene dibromide, 539. 
C,,H,,0.I, 4:4’-Bisiodoacetylstilbene, 539. 
CoH .08, 2:2’-Dicarbomethoxyketodiphenyl disulphide, 915. 
€,,H,,ON Methyldihydrobenzacridones, 188. 
2-(2’-Naphthyl)phenylacetamide, 290. 
3-Acetamidoquinoline-2-aldehyde phenylhydrazone, 869. 
2 4:4’-Di-8-cyanoethoxydiphenyl, 920. 
ielecetibenyehenyt)--vinylpycenctins, 128. 
€,,H,,.0- 4:4’-Bischloroacetyldibenzyl, 539. 
C,,H,,0;8, 2:2’-Dicarboxy-5:5’-diethoxydiphenyl disulphide anhydride, 916. 
. Methin-[3-(2:4-benzthiazine) |[3-(4-methyldihydro-2:4-benzthiazine)], 226. 
Methin-[2-(3-ethyldihydrobenzthiazole) |[3-(2:4-benzthiazine)], 226. 
C€,,H,,0.N 9:4-Diketo-3-benzyl-1-ethyl-1:2:3:4-tetrahydroquinoline, 847. 
€,,H,,0,N y-Cyano-f-phenyl-y-p-anisylbutyric acid, 440. 
C,,H,.ON, Benzylcyanoacetophenylethylamide, 847. 
1-Phenyl-5-(4’-methoxypheny!)-3-vinylpyrazoline, 129. 
C,,.H,,0.8, Ti-p-methginenayl Geulatver icarbothionate, 676. 
C,,H,,0,N, Dehydro-3:6-anhydroglucogazone, 786. 
€,.H,,0.N 1:3-Diphenyl-3-(8-hydroxyethyl)-2-pyrrolidone, 318. 
1:4-Diphenylpiperidine-4-carboxylic acid, 919. 
C,.H,,0. Takartnaitnnctigteniile acid, and its sodium salt, 847. 


As-spiro-Bis-1:2:3:4-tetrahydroisoarsinolinium iodides, 47, 48. 
dl-cis-3-Methylcyclohexany! a-naphthylurethane, 712. 
aim nema aoe 1880 lige ~ Ya iamaanaamane and its salts, 792. 
Ethyl y-cyano-y-phenylpimelate, 440. 
3-Phenyl-1-cyclohexy]-3-(8-hydroxyethyl)-2-pyrrolidone, 318. 
sH.,0. Ethyl 4-phenyl-1-n-butylpiperidine-4-carboxylate, and its hydrochloride, 317. 
©, sHoy 3-Pheny]-3-y-ethoxypropy]-1-ethylpiperidine, 440. 


18 IV 
C€,,H,ON,Cl Chloro-10-phthaloperinone, 544. 
C,.H,ON Bromo-10-phtbaloperinone, 545. 
C,.H,,0, 


Ethoxy-2-methylphenanthrathiazoles, 459. 
C,.H,,0,NS 4-Nitro-2’:4’:6’-triacetoxydiphenyl sulphide, 470. 
C,,H,,0,,.NS 4-Nitro-2’:4’:6’-triacetoxydiphenylsulphone, 470. 
C,,H,,C1,PB Triphenylphosphine-boron trichloride, 150. 
C,H. 2S Methin-[2-(3-ethyldihydrobenzoxazole){[3-(2:4-benzthiazine)], and its salts, 226. 
sN.S p-Acetamidopheny]-f-phthalimidoethylsulphone, 827. 
C,,H,,0,N,S, 4:6-Bis-(4’-sulphonamidobenzeneazo)resorcinol, 437. 
C,.H,,0.N,8 N‘-Benzylsul Eeovuidine, 243. 
a-4-Salphanilamidobenzylpyridine, 184. 
2-Sulphanilamido-N!-benzylpyridine, 243. 
p-Sulphon-2’-pyridylamidobenzylaniline, 242. 
€,,H,,0,N,8, Aceto-p-sulphon-2’-thiazolylamidobenzylanilide, 242. 
2-N*.Acetylsulphanilamidopheny1-4-methylthiazoles, 185. 
C,.H,.N Methin-[2-(3-ethyldihydrobenzthiazole) |[3-(2:4-benzthiazine)] hydriodide, 227. 
C,.H,,0.N,8 3-p-Toluenesulphonmethylamidoquinaldine, 870. 
€,.H,,0,N,8 2-m-Sulphanilamidopheny]-4:6-dimethylpyridine, 185. 


. 





18 IV—19 II Formula Index. 


C,,.H,,0,N,8 6-(p-Acetamidobenzenesulphonamido)nicotyrine, 606. 
O,N.S8, «f-Bis-(p-acetamidophenylsulphonyl) ethane, 828. 
C,.H,,0,;N,8 4-Sulphanilamido-N N-pentamethylenebenzamide, 737. 
C,,H,,0,N,8 N*-Acetyl-4-sulphanilamido-N-n-propylbenzamide, 737. 
C, Dibenzyl morpholinophosphonate, 662. 
C,.H,,0,N.8 p-Ethoxyphenylaminoethanesulphon-p-ethoxyanilide, and its hydrochloride, 467. 
C,.H.,0,N,8 6-Acetamido-4-triacetyl-d-xylosidamino-2-methylthiopyrimidine-II, 559. 


18 V 


C,,.H,,ON,IS, Methin-[2-(3-ethyldihydrobenzoxazole)}[3-(2:4-benztriazine)] hydriodide, 228. 
17 Methin-[2-(3-ethyldihydrobenzselenazole) ][3-(2:4-benzthiazine) } hydriodide, 228. 
C,.H,,0,NCIS, 5-Chloro-2-carbethoxyketo-3-tolyl p-toluenesulphonimido-sulphide, 916. 


C,, Group.” 


C,,H.. Fluorene-9-spiro-2’:2’:4’-trimethylcyclobutane, 10. 
8-9-Fluoreny]l-8-methy]-48-pentene, 10. 
19 If 
C,,H,,0, 4-Methoxy-1:2-chrysaquinone, 292. 
C,,H,,0 Chrysenyl methyl ethers, 291. 
4-Methoxychrysene, 292. 
C,,H,,.N, 5-Phenylaminoacridine, and its hydrochloride, 550. 
C,,H,,8 9-Phenylthioxanthen, 659. 
9H,,;N, 2:7-Diamino-9-phenylphenanthridine, 299. 
3:7-Diamino-9-phenylphenanthridine, 299. 
C,.H,,0, Ethyl l-acetoxy-4-(2’-furyl)naphthalene-3-carboxylate, 191. 
Ethyl 4-acetoxy-7-phenylcoumarone-6-carboxylate, 190. 
,,H,.N, Sempervirine, and its salts, 582. 
Methyl y-1-(3:4-dihydrophenanthryl)crotonate, 291. 
9:12:13:14-Tetramethoxy-3:4:5:6-dibenz-41*:5-cycloheptatrien-7-one, 180. 
2:3:4:7:-Tetramethoxy-10-phenanthraldehyde, 180. 
2:3:4:7-Tetramethoxyphenanthrene-10-carboxylic acid, 178. 
B-Chloro-8-9-fluoreny]-8-methy]-48-pentene, 10. 
3’-Keto-7-methoxy-2-methyl-1:2:3:4-tetrahydro-1:2-cyclopentenophenanthrene, 586. 
2-(4’-Amylbenzoyl)benzoic acid, 182. 
isoDeaminocolchinol methyl ether, 179. 
§-9-Fluorenyl-3-methylpentan-B-ol, 10. 
9:12:13:14-Tetramethoxy-3:4:5:6-dibenz-4*:5-cycloheptadiene, 179. 
cis-1:2-Dihydroxy-9:12:13:14-tetramethoxy-3:4:5:6-dibenz-4*:5-cycloheptadiene, 180. 
3:4-Diphenyl-1-ethylpiperidines, and their salts, 440. 
5-(8-Diethylaminoethylamino)acridine, and its dihydrochloride, 550. 
2-y-Diethylaminopropylaminobenzocinnoline, and its dihydrochloride, 826. 
Methy] linolenate, autoxidation of, 836. 
Methyl linoleate, autoxidation of, 836. 
Methy] oleate, autoxidation of, 836. 
19 Il 
C,,H,,0,N, 2:7-Dinitro-9-phenylphenanthridine, 299. 
9-3’:5’-Dinitrophenylphenanthridine, 298. 
3- and 7-Nitro-9-m-nitrophenylphenanthridines, 298. 
C,,H,,0,N, 7-Nitro-9-phenylphenanthridine, 298. 
19Has Br 9-p-Bromophenylxanthen, 659. 
Ci9H,,;0,N 5-Acetoxy-6-azachrysene, 397. 
C,,H,,0,N, 2-3’’:5’’-Dinitrobenzamidodiphenyl, 298. 
4:4’-Dinitro-2-benzamidodiphenyl, 299. 
4’- and 5-Nitro-2-m-nitrobenzamidodiphenyls, 298. 
C,,H,,ON, Di-(3-quinolyl)urea, 870. 
19H,,0,N, 4-Benzeneazoresorcinol 3-benzoate, 437. 
4’-Nitro-2-benzamidodi henyl, 298. 
C,,H,,0,8, 6-Ethoxymethylthioindigos, 904. 
19f1,4,0,N, 6-Nicotinamidoresorcinol 3-benzoate, 438. 
19f,,N,Br 3-Bromo-7-amino-9-p-nitrophenylphenanthridine, 299. 
C,,.H,,ON Dimethylbenzacridones, 188. 
C,oH,,0.N 5-Acetoxy-1:2-dihydro-6-azachrysene, 397. 
C,,H,,.N.S Methin-[2-(1-methyldihydroquinoline) )[3-(2:4-benzthiazine)], 226. 
Methin-[2-quinoline][3-(4-methyldihydro-2:4-benzthiazine)], 226. 
C,,H,,ON Dimethyldihydrobenzacridones, 188. 
an : a-(8’-Hydroxyethyl)-a-phenylbutyrolactone p-nitrobenzoate, 317. 
C,,H,,0 6-Methoxy-8-(2’-1’:2’:3’:4’-tetrahydroisoquinolyl)quinoline, and its salts, 36. 
19ELis WN 3:5-Dimethylhex-4-en-1-yn-3-ol a-naphthylurethane, 93. 
C,,H,,0,C1 Chloro-cis-eqilenin methyl ether, 585. 
C,,H,,0 2:3:4:7-Tetramethoxy-10-phenanthraldehyde oxime, 180. 
C,,.H,,0,N 2-Nitro-5-methoxy-a-(3’:4’:5’-trimethoxyphenyl)cinnamic acid, 178. 
, 4-Cyano-]-p-methoxypheny]-4-phenylpiperidine, 919. 
C, on 4-Carbomethoxy-1:4-diphenylpiperidine, 919. 


G 
oH, 
rt - 
3-Phenyl-1-benzyl-3-( 
C,,H,,0 2-Amino-5-methoxy-a-(3’:4’:5’-trimethoxyphenyl)cinnamic acid, 178. 
C,,H,,0,,N, Tetranitronitrosodihydroquinamine, and its hydrochloride, 529. 
976 


ethylanilinoethyl)-a-phenylbutyrolactone, and its hydrochloride, 318. 
i odenepiiett beneedlions, 319. 





Formula Index. 


C,,H,,ON, apoQuinamine, and its salts, 527. 
C,,H.,0,N, Nitronitrosoquinamine, 529. 
C,9H,,0,N5 ee er ee wwe ee Ucn aD EEE talenetiyt S-cncbetheny-Oel-gyulany 
midine, 401. 
wiessuanbeeasine, and its picrate, 526. 
C,,H,;0,N, Nitroquinamine, 529. 
CioH304N Tetra-acetyl-d-arabonanilide, 166. 
C,,H,,ON, Decahydrosempervirine, 582. 
Dihydroapoquinamine, and its salts, 527. 
C,,H.,0,N, Quinamicine, and its picrate, 527, 528. 
Quinamine, and its salts, 524. 
Nitronitrosodihydroquinamine, 530. 
Dinitrodihydroquinamine, 530. 
1-Tosyl 2:4:5-triacetyl mannitan, 7. 
Quinamicine oxime, 527. 
N-(Tetra-acetyl-d-arabityl)aniline, 166. 
Tetrahydroapoquinamine, picrate of, 527. 
Dihydroquinamine, and its salts, 526. 
Dihydroquinamicine oxime, 527. 
C,,H.,0,Br p-Bromophenacyl dimethylpelargonates, 394. 
p-Bromophenacyl methyldecoates, 393. 


19 IV 
O,N,Br 3-Bromo-7-nitro-9-p-nitrophenylphenanthridine, 299. 
10 
Cot ON Br 5-Bromo-4’-nitro-2-p-nitrobenzamidodiphenyl, 299. 
C,,H,,;0,NS 4’-Benzoyloxy-2-methylnaphtha-1’:2’:4:5-thiazole, 459. 
C,,H,,0,N,8 Acetamidoacetoxyphenanthrathiazoles, 459. 
1s0.N,5 2-p-Toluenesulphonamidobenzocinnoline, 826. 
C,,H,;0;N,;8 4-(4’-Sulphonamidobenzeneazo)resorcinol 3-benzoate, 437. 
N*-Acetylsulphanilamidophenylpyridines, 184. 


hthalene, 793. 
792. 


~NC] N-Phenyltetra-acetyl-d-arabonylimidochloride, 166. 
4N,S N*-Acetyl-4-sulphanilamido-N-n-butylbenzamide, 737. 
N Og =r re N-diethylbenzamide, 737. 


C,,H.,0,N.S 4-Nitro-2’-8-diethylaminoethoxy-5’-methyldiphenylsulphone, and its hydrochloride, 469- 
C,,H,,0,N.8 -Toluenesulphon-(f-diethylaminoethyl)anilide, and its picrate, 825. 
C,,H.,0,N,8 4-Amino-2’-8-diethylaminoethy]-5’-methyldiphenylsulphone, 469. 


19 V 
C,,H,,0,Br8Se 2-Hydroxyselenoisochromanium d-bromocamphorsulphonate, 41. 


C., Group. 
C.oH,, 3’:4’-Dihydro-3:4-benzpyrene, 145. 
CyoH,, 1’:2’:3’:4’-Tetrahydro-3:4-benzpyrene, hydroxylation of, 143. 


20 II 

C.9H,,0 1’-Keto-1’2’:3’:4’-tetrahydro-3:4-benzpyrene, 146. 

oH,,0, Acetoxychrysenes, 291. 
4- hrysenyl acetate, 292. 
C.oH,,0, 4-Methoxychrysene-l-carboxylic acid, 292. 
oH,,0 1’-Hydroxy-1’:2’:3’:4’-tetrahydro-3:4-benzpyrene, 146. 
9-0-Tolylxanthen, 659. 

C.oH,,0, 1:2-Dimethoxychrysene, 291. 

C.oH,,.N, 5-Tolylaminoacridines, and their hydrochlorides, 550. 
p-Phenylphenacy] tetrahydrocomanate, 574. 
4:4’-Bisacetoxyacetyldiphenyl, 539. 
4:4’-Bisacetoxyacetyldiphenyl ether, 539. 
3-8-6’-methoxynaphthyl-4?-cyclopenten-1-one-2-acetate, 585. 
p-Phenylphenacyl tetrahydro-y-pyranol-2-carboxylate, 575. 

Methyl 2:3:4:7-tetramethoxyphenanthrene-10-carboxylate, 178. 

7-Methoxy-5-geranoxycoumarin, 543. 

ae hE ZO eR 921. 

ee iophenone phenylhydrazone, and its hydrochloride, 128. 

2 7. Di-(6’-dimethylamino-3’-pyridy])-3-(2:6-diaminopyridyl)methane, 861. 

C.oH,,0.N Hydroxycoeramidones, 404. 

3:3’-Dinitro-1:1’-azonaphthalene, 452. 
3:3’-Dinitronaphthalene-1’:2-azo-1-naphthol, 452. 
7-Nitro-2-naphthaleneazo-f-naphthol, 591. 
N “Benzoyl.3:5-dinitro-2-aminobenzophenone, 657. 
2 Di-2-naphthyldisulphone, 684. 
oH,,ON 1-Acetamidochrysene, 290. 
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20 II—20 V Formula Index. 


4 
C..H,,0;N 2-Nitro-5-methoxy-a-1’-naphthylcinnamic acid, 292. 
130;N, 3:7-Dinitro-9-phenyl-10-hydroxy-10-methy]-9:10-dihydrophenanthridine, 299. 

ee ee ee 299. 

Cx oH, N.C] 7-Chloro-2:3-di-(m-aminophenyl)quinoxaline, 702. 
C.oH,,ON, 5-Anisylaminoacridines, and their hydrochlorides, 550. 
Coot sO,Ns ps wena ne yr eren, Ma meee 653. 

1-p-Nitrobenzylidene-1:2:3:4-tetrahydroacridine, 20. 

CooH,,0,,N, 2:5-Bishydroxymethyltetrahydrofuran 3:5-dinitrobenzoate, 2. 
C.oH,,0,N 2-Amino-i-methoxy-a-1’-naphthylcinnamic acid, 292. 

Methyl 5-methoxy-1:2-dihydro-6-azachrysene-4-carboxylate, 397. 
C.,H,,N.Cl 7 ee eee henanthridinium chloride, 298. 
C.oH,,N,I 7-Amino-9-phenyl-10-methylphenanthridinium iodide, 298. 

1:2:5:6-Tetrachloro-3:4-di 


C.,H, .N. 7-Amino-9-m-aminopheny]-10-methylphenanthridinium iodide, 298. 
C.,H,,0,N Ethyl y-cyano-f-phenyl-y-p-anisylbutyrate, 440. 

C.oH,,0,N 4-Carboxy-l-p-acetoxyphenyl-4-phenylpiperidine, 919. 

C.,H.,0,N, Gelsemine, and its.salts, 581. 

C.oH.,N,Cl 3-Amino-2-p-dimethylaminostyrylquinoline methochloride, 869. 


pee yr and its hydrochloride, 440. 
enyl tartrate, 921. 


C.oH6NI 
C.oH.;0.N 


7 


20 IV 

C.,H,0,CIS, Chlorobenzthioindigos, 905. 

CoH,o0,NC1 10-Chloro-2-hydroxycoeramidone-9, 404. 

C.oH,,0,N,C1 7-Chloro-2:3-di-(m-nitrophenyl)quinoxaline, 702. 

C..H,,0,C1,8. Dichlorodiacetyldihydrothioindigos, 907, 909. 
7:4’-Dichlorodiacetyldihydrothioindirubin, 907. 

C..H,,0N,Br 3-Bromonaphthalene-2-azo-8-naphthol, 842. 

C.oH,,0,CIS, Chlorodiacetyldihydrothioindigos, 903. 

C..H,,0,N.8 p-Phthalimidobenzenesulphonanilide, 115. 

C.oH,,0,N,Cl 2:7-Dinitro-9-phenyl-10-methylphenanthridinium chloride, 299. 
eee et chloride, 299. 
9-3’:5’-Dinitrophenylphenanthridinium methochloride, 298. 
3-Nitro-9-m- and -p-nitrophenyl-10-methylphenanthridinium methochlorides, 298. 

C.oH, ,0.NS 4’-Benzoyloxy-2:6’-dimeth, Inaphtha-1’:2’:4:5-thiazole, 459. 

C.,H,;0.N.Cl 7-Nitro-9-phenylphenanthridinium methochloride, 298. 

CoH, ,0% 1-Arsononaphthalene-3-azo-8-naphthol, 126. 

C.oH,,0,N,As 2-Phenylisoarsindoline hydroxypicrate, 33. 

C,.H,,N,ClBr 3-Bromo-7-amino-9-p-aminophenyl-10-methylphenanthridinium chloride; 299. 

20H90,N,8 Aceto-p-sulphon-2’-pyridylamidobenzylanilide, 242. 

a-4-N*-Acetylsulphanilamidobenzylpyridine, 184. 

2-Sulphanilamido- N*-acetyl-N*-benzylpyridine, 243. 

4-Sulphanilamido- N-benzylbenzamide, 737. 

2-Sulphanilimido-1-benzyl-1:2-dihydropyridine, 243. 

C.oH, NS (2-(1 -Methylquinoline)[(3-(4-methy1-2:4-benzthiazine)]methincyanine iodide, 227. 

»pHeoO;NP Dibenzyl anilinophosphonate, 384. 

C.oH,,0,N,8 2-m-N*-Acetylsulphanilamidopheny]-4:6-dimethylpyrimidine, 185. 

CooHa 2 [2-(3-Ethylbenzthiazole)][3-(4-ethyl-2:4-benzthiazine)]methincyanine iodide, 226. 

C,.H,.0.N.8 3-Mesitylenesulphonmethylamidoquinaldine, 870. 

‘ gl Jodoisoapogelsemine, and its hydriodide, 581. 
C.oH.,0,N,8 N*-Acet 1-4-sulphanilamido-N N-pentamethylenebenzamide, 737. 
Co pHs N-(p-Tolyl)tetra-acetyl-d-arabonylimidochloride, 167. 

sollled Dibenzyl cyclohexylaminophosphonate, 384. 
C. ~H,,0,N.Cl, Di-y-ethoxy-y-iminopropoxynaphthalene hydrochlorides, 921. 


20 V 
C ON,IS (2-(3-Ethylbenzoxazole) |[3-(4-ethyl-2:4-benzthiazine)]methincyanine iodide, 227. 
CE IBS. ee a ee iodide, 227. 





Formula Index. 


C,, Group. 
C.,H,, 1’-Methyl-3:4-benzpyrene, 146. 
21 0 
C,:H,,0 9:10-Benzomesobenzanthrone, 563. 
1:2:6:7-Dibenzfluorenone, 564. 
C.,H,,;N 2-Phenyl-l-azapyrene, and its picrate, 398. 
1-Methoxyphenoxyanthraquinones, 404. 
Methyl 4-methoxychrysene-l-carboxylate, 292. 
= Metheuy-1'i'B 4’ Attuabeydnd Srt-tennpyvens, 146. 
1-Hydroxy-2-benzoyloxy-1:1-diphenylethane, 247. 
2:7-Bisacetoxyacetylfluorene, 539. 
Dibenzylidene d-xylose dimethyl acetal, 739. 
4-Aminophenyldi-(6’-dimethylamino-3’-pyridyl)methane, 861. 
4:6-Dimethoxy-2-geranoxycinnamic acid, 543. 


21 
C,;H,,0,8, Methylbenzthioindigos, 905, 906. 
*7’-Methylbenzthioindirubins, 908. 
C,;H,,0,N, 1-Keto-3-(2’-furyl)indene-2-acetic acid 2:4-dinitrophenylhydrazone, 191. 
C,,H,;0,N 1-Anisidinoanthraquinones, 404. 
C.,H,,0 5-Amino-1-m-methoxyphenoxyanthraquinone, 404. 
C,,H,,ON, 7-Benzamido-9-methylphenanthridine, and its picrate, 21. 
C.;H,,0,8, Methyldiacetyldihydrothioindigos, 903. 
C,,H,,ON, ee ce nae 792. 
3H,;,0N, 5-0-Phenetylaminoacridine, and its hydrochloride, 550. 
C.,H,,0.N. Ss ees 21. 
C.,:H.,0.N, p-Benzylmethylaminobenzaldehyde p-nitrophenylhydrazone, 277. 
Di-(8-amino-6-methoxy-5)-quinolylmethane, and its hydrochloride, 793. 
C,,H,,0,N 4-Carbomethoxy-1-p-acetoxyphenyl-4-phenylpiperidine, 919. 
C,,H,,;N,Cl 2-p-Dimethylaminostyryl-3-methylquinoline methochloride, 20. 
C.,;H.,N.I 2-p-Dimethylaminostyryl-3-methylquinoline methiodide, 20. 
C.,H.,0,N, Acetylapoquinamine, and its picrate, 526. 
C.,H,,ON, Ethy! 4-phenyl-1-benzylpiperidine-4-carboxylate, 317. 
C,,H,;0,N 1-8-Benzoyloxyethyl-2-benzylpiperidine, 918. 
C.,H,,0,N 6-(4’-Benzyloxy-3’-methoxypheny])-2:2-dimethy]-4-piperidone, 920. 
thyl 3-acetamido-By-diphenylvalerate, 439. 
C.,H.,0,N, Nitrosoacetylquinamine, 526. 
C,:H.,0.N, Acetyldihydroapoquinamine, and its picrate, 527. 
C,,H,,N,Cl 1-Chloro-5-y-diethylaminopropylamino-9-methylacridine, 698. 
C.,H.,0,N Tetra-acetyl-d-arabono-o-4-xylidide, 167. 
C.,;H..0,N N-(Tetra-acetyl-d-arabityl)-o-4-xylidine, 167. 
C.,H;,N.I Hexahydrogelsemine methiodide, 581. 


21 IV 


C,,H,,0,CIS, 6’-Chloro-4’-methyl-4:5-benzthioindigo, 903. 
C,,H,,0,.NCl 2-Hydroxy-2-p-chlorophenyl-2:3-dibydrophenanthroxazole, 198. 
C.,H,,0,NCl 5-Chloro-1l-anisidinoanthraquinones, 404. 
C,,;H,,0,CIS, 7-Chloro-5’-methyldiacetyldihydrothioindigo, 907. 
Chloromethyldiacetyldihydrothioindirubins, 907. 
C,,H,,0,NCl 2-Chloro-N-benzoyl-2’-methyldiphenylamine-6’-carboxylic acid, and its sodium salt, 697. 
C.,H,,0,N,8 3-Nitro-9-p-nitrophenyl-10-methylphenanthridinium methosulphate, 298. 
C,,H,,0,N,8 6-(4’-Acetamidobenzenesulphonamido)resorcinol 3-benzoate, 438. 
C,,H,,0,N,As 2-Phenyl-2-methylisoarsindolinium picrate, 33. 
C,,H,,0,N,8 N*-Acetyl-4-sulphanilamido-N-phenylbenzamide, 737. 
C,,H,,0,N,8 4’-p-Toluenesulphonamido-2-acetamidodiphenyl, 21. 
1H; 4-m-N*-Acetylsulphanilamidophenyl-2:6-dimethylpyridine, 185. 
C,,H,,0,NP Dibenzyl benzylaminophosphonate, 384. 
C.,H,.0,N.8, Benzyl p-toluenesulphonimidosulphine-p-toluenesulphonylimine, 674. 
C,,H,,O,NC1 N-(0-4-Xylyl)tetra-acetyl-d-arabonylimidochloride, 167. 
C.,H,,0.N,I N-Methylquinamicine methiodide, 527. 


21V 
C.,H,.0;NSAs 2-Phenylisoarsindoline hydroxytoluene-p-sulphonamide, 33. 


C,,. Group. 
C..H,, 16-isoPropylidene-4***-androstadiene, 27. 


22 


C..H,,0,; 9’:10’-Benzomesobenzanthrone-4-carboxylic acid, 563. 
C..H,,0, 2-Benzoyloxy-9-keto-3’:2’:3:4-furofluorene, 191. 
9-Keto-2-benzoyloxy-3’:2’:3:4-furofluorene, 191. 
C..H,,0 4-Methyl-9’:10’-benzomesobenzanthrone, 563. 
C..H,,0 hy ore Ss a ketone, 563. 
22H1,0, 1-Acetoxy-2-acetylchrysene, 291. 
C..H,,0, 1:2-Diacetoxychrysene, 291. 
C..H,,0, 1/-Acetoxy-1’:2’:3’:4’-tetrahydro-3:4-benzpyrene, 146. 
C..H,.0, 4:4’-Bisacetoxyacetyldibenzyl, 539. 
3U 979 





22 11—23 mI Formula Index. 


1-p-Dimethylaminobenzylidenetetrahydroacridine, and its salts, 21. 
4:4’-Diacetyl-aB-diethylstilbene, 538. 
3-(B-Diethylaminoethylamino)-1:2-benzphenazine, and its salts, 793. 
4:4’. Diacetyl-aB-diethyldibenzyl, 537. 
2-(4’-n-Octylbenzoyl)benzoic acid, 182. 

aaH.,N, Di-(4-dimethylaminopheny]l)-3’-(2’:6’-diaminopyridyl)methane, 861. 

4-Methyiaminophenyldi-(6’-dimethylamino-3’-pyridyl}methane, 861. 
C..H;,.0, 6-isoPropylidene-45-androsten-3-ol-17-one, 26. 


22 Il 

C.2H,,0,N, Octa-2:6-dien-4-yne-1:8-diol bisphenylurethane, 81. 

C.,H,,0,8. 6’-Ethoxybenzthioindirubins, 904. 

C..H,;0,N 2-Hydroxy-2-(3’:4’-methylenedioxypheny])-2:3-dihydrophenanthroxazole, 198. 

C..H,,0,N 2-Hydroxy-2-p-anisyl-2:3-dihydrophenanthroxazole, 198. 

C..H,,0,8, Dimethyldiacetyldihydrothioindigos, 906. 
eeHisN.S. Methin-[2-(3-ethyldihydro-4:5-benzbenzthiazole) |[3-(2:4-benzthiazine)], 226. 

C..H,.0.N, p-Benzylethylaminobenzaldehyde p-nitrophenylhydrazone, 277. 
a2fo20;N, Dihydro-3:6-anhydroglucosazone diacetate, 786. 

C.,H,,0,8, 2:2-Dicarbethoxyketo-4:4’-dimethyldipheny] disulphide, 916. 

Dicarbopropoxyketodipheny] disulphide, 915. 

C,,H,,0,8, _2:2-Dicarbomethoxyketo-5:5’-diethoxydipheny] disulphide, 915. 

C..H,.N,I 3-Dimethylamino-2-p-dimethylaminostyrylquinoline methiodide, 869. 
22HogN,Cl 3-p-Dimethylaminobenzylidenedihydro-8-quinindene methochloride, 20. 
eeHosN,I 3-p-Dimethylaminobenzylidenedihydro-f-quinindene methiodide, 20. 

C..H,,0,Cl, 4:4’-Bischloroacetyl-a8-diethyldibenzyl, 539. 

C.:H.,0,N, 3:6-Anhydrogalactosazone diacetate, 785. 

Anhydroglucosazone diacetate, 786. 

C.2H,,0,,N, N.N’-Di-(8-hydroxyethyl)-NN-dimethylpiperazinium dipicrates, 835. 

C..H,,.N,Cl 1-Chloro-5.8-diethy amino-a-methylbutylaminoacridine, dipicrate of, 698. 
22He0,N p-Toluidinoleptospermone, 708. 

C..H,,;0,N Ajaconine, and its salts, 246. 

22 IV 

C.:H,,ON.Cl Chloro-10-naphthaloperinone, 545. 

C.,.H,,ON,Br Bromo-10-naphthaloperinone, 545. 

C.,H,.0,NCl 10-Chloro-2-acetoxycoeramidone-9, 405. 

C.2.H,,0,C1,8, Dichloromethyldiacetyldihydrothioindigos, 903, 904. 
22H, 40,N,8S, Naphthalenedi-m-nitrobenzenesulphonamides, 203. 

C.,H,,0,Cl1,8, 5:6’-Dichloro-7:4’-dimethyldiacetyldihydrothioindigo, 903. 

C..H,,0,CIS, Chlorodimethyldiacetyldihydrothioindigos, 903. 

C.,H,,0,CIS, Chloro-6’-ethoxydiacetyldihydrothioindigos, 904. 
eeH,,0,N,As <As-spiro-Bisisoarsindolinium picrate, 33. 

C,.H,,ON.Cl 7-Acetamido-9-phenyl-10-methylphenanthridinium chloride, 298. 

C..H,,N,IS. Methin-[2-(3-ethyldihydro-6:7-benzbenzthiazole)][3-(2:4-benzthiazine)]hydriodide, 228. 

C..H,,0,N,S N*-Acetyl-4-sulphanilamido-N-benzylbenzamide, 737. 

C..H,,N.IS, Bis-2-(3-methylbenzthiazole)-8-methylpentamethincyanine iodide, 599. 

C.,H.,N,IS [2- and 4-(1-Ethylquinoline)][3-(4-ethyl-2:4-benzthiazine) }methincyanine iodides, 227. 

C.,H.,ON,Cl 3-Dimethylamino-2-p-acetamidostyrylquinoline methochloride, 869. 

C..H,,0,NP Dibenzyl a-phenylethylaminophosphonate, 384. 

C.,H,,0,N.8, p-Methylbenzyl p-toluenesulphonimidosulphine-p-toluenesulphonylimine, 674. 

C..H.,0,,N,Cl, N.N’-Di-(p-chloroethyl)-N N’-dimethylpiperazinium dipicrates, 835. 

C..H,,0,N.Cl, 4:4’-Di-y-ethoxy-y-iminopropoxydipheny] hydrochloride, 921. 


. 


C,, Group. 


C.;H,, 11:14-Dimethylheneicosa-1:11-diene, 394. 
11:15:19-Trimethyleicosa-1:1l-diene, 395. 
23 I 


C.;H,,N, 1:2:3:4-Dibenzopyrido-2’:3’:8:9-phenazine, 702. 
3:4-Ace-9’:10’-benzomesobenzanthrone, 566. 
2:3-Diphenylpyrido-2’:3’-7:8-quinoxaline, 702. 
4:11-Dimethyl-9’:10’-benzomesobenzanthrone, 565. 
4-Ethyl-9’:10’-benzomesobenzanthrone, 565. 
5-B-Naphthoylacenaphthene, 565. 
C.;H.,.N; 4-Dimethylaminophenyldi-(6’-dimethylamino-3’-pyridyl)methane, 861. 
C.;H;,N, 5-5-Diethylamino-a-methylbutylamino-1-methylacridine, dipicrate of, 698. 


23 I 
C.;H,,0,N, 9-Keto-2-acetoxy-3’:2’:3:4-furofluorene 2:4-dinitrophenylhydrazone, 191. 
C.;3H,,0.N, 3:7-Diacetamido-9-phenylphenanthridine, 299. 
C.;H.,0,8, 6’-Ethoxydiacetyldihydromethylthioindigos, 904. 
C,;H,,0 Non-2-en-4-yne-1:6-diol bisphenylurethane, 80. 
C.,;H,,N.Cl, 7-Chloro-p-dimethylaminobenzylidenetetrahydroacridine methochloride, 21. 
C.,;H.,0.N dl-cis-2:2-Dimethyl-3-isobutenylcyclopropane-1-carboxylic N-xanthylamide, 285. 
C.,H,,N.Cl 1-p-Dimethylaminobenzylidene-1:2:3:4-teirahydroacridine methochloride, 20. 
C.,;H,,N.I 1-p-Dimethylaminobenzylidene-1:2:3:4-tetrahydroacridine methiodide, 20. 
C.3H,oN,Cl 1-Chloro-5-8-diethylamino-a-methylbutylamino-8-methylacridine, hydrochloride of, 698. 
2-Chloro-5-8-diethylamino-a-methylbutylamino-9-methylacridine, dipicrate of, 698. 
C.sH,,N,Cl 1-Chloro-5-3-diethylamino-c-methylbutylamino-9-methylacridine, and its dipicrate, 697. 
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Formula Index. 


23 IV 


C,;H,,0,N,8 3-p-Toluenesulphonamido-1:2-benzphenazine, 793. 

” yo Pee eae YS Saree eR se Te “Oe 299. 
C,;H,,ON: 8-Chloro-3-methoxy-5-(1’:2’:3’:4’-tetrahydroisoquinolyl)acridines, 36, 37. 
C.3H,,0.N;8 Sulphanilamido-4-a-pyridyldiphenyls, 184. 

C.;H.,.0;N.8 Diphenylformamidine 2-naphthalenesulphonate, 689. 
C,;H.,0,N,I Bis-(3-ethylbenzoxazole)pentamethincyanine iodide, 600. 
eg3HagN,CIL 7-Chloro-1-p-dimethylaminobenzylidenetetrahydroacridine methiodide, 21. 
C,;H;,0,NS p-Aminophenylcetylsulphone, 570. 
23 V 


C.;H,,0,N,CIS 2-p-Chlorophenacylthioisochromanium picrates, 40, 41. 
C.;H,,0,N,ClSe 2-p-Chlorophenacylselenoisochromanium picrates, 41, 42. 


C..H,.0.N,ClTe 2-p-Chlorophenacyltelluroisochromanium picrates, 43, 44. 
CoH,0,N,C18, 5-Chloro-2-carbethoxyketo-3-tolylbenzenesulphonimidosulphinebenzenesulphonylimine, 
916. 


C,, Group. 
C.,H,, Coronene, crystal structure of, 607. 
C,,H., 8-Tribenzcyclododecatriene, 29. 


24 I 
C.,H,.8, s-Tris-2:3-thiocoumaronobenzene, 912. 
aa’-Di-(1-naphthyl)succinic anhydrides, 418, 
6-8-Naphthoylperinaphthane, 566. 
mm ee a se acids, 418. 
1:5-Dibenzylideneaminonaphthalene, 202. 
1:1/:4:4’-Bis(trimethylene)-2:3-benz-10-anthrone, 288. 
1-(o-Carboxybenzy])-s-hexahydropyrene, 288. 
1-(o-Carboxy benzyl)-s-hexahydropyrene, 288. 
5-w-Diethylamino-o-toluidineacridine, 697. 
C.,H.,0, p-Phenylphenacyl 2:2-dimethyl-3-isobutenylcyclopropane-1-carboxylates, 285. 
C,,H.,N 3:4-Diphenyl-1-n-butylpiperidine, and its beydsochlestde, 440. 
C.,H,,0 12-Hydroxy-12:18-dimethyl-4'-docosene, 395. 


24 Il 
C.,H,,0,.N 5-Benzoyloxy-1:2-dihydro-6-azachrysene, 397. 
C.,H,,0,N, 1-p-Nitrobenzylidene-1:2:3:4-tetrahydro-6:7-benzacridine, 20. 
24H290,N, 2:2’-Diacetamidoisophthalophenone, 653. 
Tetramethoxyphenanthraquinone diazines, 179. 
C,,H.,N.Cl 9-p-Dimethylaminostyrylphenanthridine methochloride, 21. 
C.,H,,N,I 9-p-Dimethylaminostyrylphenanthridine methiodide, 21. 
C.,H,,0,.N, Benzylmalonodi-o-toluidide, 845. . 
C,,H.,0,8, 2:2’-Dicarbethoxyketo-5:5’-diethoxydiphenyl! disulphide, 915. 
C.,H.,.N,Cl 1-p-Dimethylaminobenzvlidene-7-methyltetrahydroacridine methochloride, 20. 
C.,H.,N,I 1-p-Dimethylaminobenzyiidene-7-methyltetrahydroacridine methiodide, 20. 
C..H,.0,8 4-Hydroxy-3-carboxy-5-stearo-2-methylthiophen, 601. 
C.,H;,0,P (-+)Tri-8-octyl phosphate, 109. sw 


C.,H,,0,CIS, Chlorodiacetyldihydrobenzthioindigos, 905. 
7-Chlorodiacetyldihydro-5’:6’-benzthioindirubin, 906. 
C.,H,,O.N,.8 2-(1-Methyl-1:2-dihydroquinolylidene)-2’-(3’-keto-2-methylbenzcoumarano-5’:4’:4:5-thiazole), 
460 


C.,H,,0,N,8, Naphthalene-1:5-di-m-nitrobenzenesulphondimethylamide, 203. 

C.,H.,.0,N.S8, 4-Nitrodi-p-toluenesulphon-2-naphthalide, 453. 

C,,H,.0,N,Cl 3- and 7-Acetamido-9-m-acetamidophenyl-10-methylphenanthridinium chlorides, 298, 
2:7-Diacetamido-9-phenyl-10-methylphenanthridinium chloride, 299. 
3:7-Diacetamido-9-phenyl-10-methylphenanthridinium chloride, 299. 
9-3’:5’-Diacetamidophenyl-10-methylphenanthridinium chloride, 298. 

C,,H.,0,N.8, Naphthalenedi-p-toluenesulphonamides, 202. 

24 2Cl,8, Bis-2-(5-chloro-3-ethylbenzthiazole)-y-methylpentamethincyanine chloride, 598, 
C.,H,,N.IS, [2-(3-Ethyl-6:7-benzbenzthiazole)][3-(4-ethy]-2:4-benzthiazine)]methincyanine iodide, 226. 
24H2,0,N,8, 2-Carbethoxyketophenyl-p-toluenesulphonimidosulphine-p-toluenesulphonylimine, 915. 
CxsHa.0.N28, 2-Carboxyketo-5-ethoxyphenyl-p-toluenesulphonimidosulphine-p-toluenesulphonylimine, 

916. 


C.,H,;0,N,I Bis-(3-ethylbenzoxazole)-y-methylpentamethincyanine iodide, 600. 

24H,;N.ClSe, Bis-2-(3-ethylbenzselenazole)-y-methylpentamethincyanine chloride, 598. 
C.,H,;NIS, Bis-2-(3-ethylbenzthiazole)methylpentamethincyanine iodide, 598. 

24H,;NISe, Bis-2-(3-ethylbenzselenazole)-8-methylpentamethincyanine iodide, 599. 
C.,H,,ON,Cl 1-p-Dimethylaminobenzylidene-7-methoxytetrahydroacridine methochloride, 21. 
C.,H,,ON,I 1-p-Dimethy. peaiiubennylidene-7-methensteteahyGroseridiae methiodide, 20. 
C.,H,,ON,Cl 2-Chloro-5-(2’-diethylaminocyclohexylamino)-7-methoxyacridine, 697. 
C.,H,,0,NS p-Acetamidophenylacetylsulphone, 570. 


24V 
4-Bromo-N N’-bistoluene-p-s 


(2-(3-Ethyl-6:7-benzbenzoxazole)] 
—— -benzbenzoxazo! 
v2 
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25 11—26 IV Formula Index. 


C.,, Group. 
C.;H,,0, 1-Chrysenyl benzoate, 291. 
C.;H,,0 4:5:6:7-Tetrahydro-4’:5’:9’:10’-dibenzomesobenzanthrone, 565. 
C.;H,,0, 13:16-Dimethyltricosanoic acid, 394. 
13:17:21-Trimethyldocosanoic acid, 395. 


25 I 
C.;H,,0,8, Methyldiacetyldihydrobenzthioindigos, 905, 906. 
7-Methyldiacetyldihydro-6’:7’-benzthioindirubin, 905. 
C.;H,,.ON, 1:3-Diphenyl-4’:7’-dimethyl-2-keto-1:2:3’:4’-tetrahydroquinoxalo-2’:3’-4:5-cyclopentadiene, 701. 
C.;H.,0,N, 1:3-Diphenyl-4’-8-hydroxyethyl-2-keto-1:2:3’:4’-tetrahydroquinoxalo-2’:3’-4:5-cyclopentadiene, 
701. 


C.;H..0,N, 5-(2’-Methylamino-5’-methylanilo)-2:4-diphenylcyclopentane-1:3-dione, 701. 
C.;H,,0,N, 1:3-Di sennd-8-40-lerdocnyethed) 6-aemdidens p-nitrobenzoate, 318. 
C,;H.,0,N, Methyl 9-fluorenyl-8-methyl-n-propyl ketone 2:4-dinitrophenylhydrazone, 10. 
C.;H.,N.Cl 9-p-Dimethylaminostyryl-2-methylphenanthridine methochloride, 22. 
C,;H.;N.I 9-p-Dimethylaminostyryl-2-methylphenanthridine methiodide, 22. 
C.;H..N,Cl 1-Chloro-5-w-diethylamino-o-toluidino-9-methylacridine, 698. 
C,;H.,0,N, Quinamicine 2:4-dinitrophenylhydrazone, 527. 
C.;H,;,0N 13:16-Dimethyltricosanamide, 394. 

13:17:21-Trimethyldocosanamide, 395. w 

25 


C.;H.,0;N.8, 3-Carbomethoxyketo-2-naphthylbenzenesulphonimidosulphinebenzenesulphonylimine, 916. 
N*-Acetylsulphanilamido-4-a-pyridyldiphenyls, 184. 
Chloro-cis-equilenin methyl er 2:4-dinitrophenylhydrazone, 585. 
Ethyl 4-(3’-p-nitrobenzenesulphonamidopheny])-2:6-dimethylpyridine-3:5-dicarboxylate, 185. 
2-Chloro-5-w-diethylamino-o-toluidino-7-methoxyacridine, 697. 

C.;H.,0,N,S Anhydroglucosazone p-toluenesulphonate, 786. 

C.;H.,0,N.S8, 2-Carbethoxyketo-3-tolyldisulphonamide, 917. 

2-Carbethoxyketo-4-tolyldisulphonamide, 916. 
C.;H.,0,N,S Ethyl 4-sulphanilamidopheny]-2:6-dimethylpyridine-3:5-dicarboxylates, 184. 
C.;H.,N.IS, Bis-2-(3-ethylbenzthiazole)-aa’-dimethylpentamethincyanine iodide, 599. 
25H2,0N,Cl 1-p-Dimethylaminobenzylidene-7-acetamidotetrahydroacridine methochloride, 21. 
C,;H.,ON,I .1-p-Dimethylaminobenzylidene-7-acetamidotetrahydroacridine methiodide, 21. 
C.;H.,0.N,8 2-p-Toluenesulphon-(8-diethylaminoethyl)amidobenzocinnoline, 826. 


25 V 


C.;H.;0,N.CIS, 4-Chloro-2-carbethoxyketo-6-tolyldisulphonamide, 916. 
5-Chloro-2-carbethoxyketo-3-tolyldisulphonamide, 916. 


C., Group. 

C.,.H,.0, cis-Coerodioxonone, 404. 
CogH,,0 4-Methyl-9’:10’:2’:1’’-naphthomesobenzanthrone, 565. 
C.,H..0, 4:4’:4’’-Triacetyltriphenylethylene, 538. 
C.,H.,N,. 1-p-Dimethylaminobenzylidene-1:2:3:4-tetrahydro-6:7-benzacridine, 20. 
C.,H.,N, 7-Azo-1:2:3:4-tetrahydroacridine, 21. 
C.,H;,0, 4:4’-Bisacetoxyacetyl-a8-diethyldibenzyl, 539. 
C.,H,,0, 2-(4’-n-Dodecylbenzoyl)benzoic acid, 182. 
C.,H;.0, 14:17-Dimethyltetracosanoic acid, 394. 

Phthioic acid, constitution of, 389. 

2:13:17:21-Tetramethyldocosanoic acid, 395. 

3:13:19-Trimethyltricosanoic acid, 395. 

26 I 


C.,H,,0,8, 3:3’-Dicarbomethoxyketo-2:2’-dinaphthyl disulphide, 916. 
C.,H,,0,N, 1/’:2’-Dihydro-3:4-benzpyrene, trinitrobenzene derivative, 146. 
3’:4’-Dihydro-3:4-benzpyrene, trinitrobenzene derivative, 145. 
C.,H,,0.8 9-Xanthylthioxanthhydrol, 553. 
C.,H,,0O,N 2-Hydroxy-2-(2’-methoxy-1’-naphthy])-2:3-dihydrophenanthroxazole, 198. 
C.,H.,0,N, 8-9-Fluorenyl-3-methylpentan-B-ol 3:5-dinitrobenzoate, 10. 
C,,H.,N,Cl 1-Chloro-5-8-diethylaminoethylamino-9-methylacridine, 698. 
C,.H..ON 3’-Keto-4’-methylanilinomethylene-2-methy]-1:2:3:4-tetrahydro-1:2-cyclopentenophenanthrene, 
585. 
C.<H,,0.N 3’-Keto-7-methoxy-4-methylanilinomethylene-1:2:3:4-tetrahydro-1:2-cyclopentenophenan- 
threne, 585. 
C..H.,0.N, Benzoylapoquinamine, and its picrate, 527. 
C.,H.,0,N 58-9-Fluorenyl-3-methylpentan-8-ol phenylurethane, 10. 
C.,H,,0.N, Di(cinnamylethyl)piperazine, hydrochloride of, 128. 
C..H,.0,,N, cis-N.N’-Di-(B-acetoxyethyl)-N N’-dimethylpiperazinium dipicrate, 835. 
C.,H,,0,8 4-Hydroxy-3-carbethoxy-5-stearo-2-methylthiophen, 601. 
C..H,,0N 14:17-Dimethyltetracosanamide, 394. 
2:13:17:21-Tetramethyldocosanamide, 395. 
3:13:19-Trimethyltricosanamide, 395. 
26 IV 
C.,H,,ON,Cl Slane Dt Sener Laas methochloride, 21. 
7-Acetamido-9-p-dimethylaminostyrylphenanthridine methochloride, 21. 
C.,H,,ON,I $-Agstantide-b-p-ditantaylamincstyryighenaatheldine methiodide, 21. 
7-Acetamido-9-p-dimethylaminostyrylphenanthridine methiodide, 21. 
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Formula Index. 26 IV—30 It 


€.,H.,0,N.8. Naphthalene-1:5-di-p-toluenesulphondimethylamide, 203. 
C.,H2s0,N.8, 2-Carbethoxyketo-5-ethoxyphenyl-p-toluenesulphonimidosulphine-p-toluenesulpkonylimine, 
915, 


C.,H,,0;N,8 2-p-Toluenesulphon-(y-diethylaminopropy])amidobenzocinnoline, 826. 


C., Group. 
C.,H;,0, 2:13-Dimethylpentacosanoic acid, 395. 


27 I 
C.;H,,0;N. Hydroxy-8-benzamidocoeramidones-9, 404. 
C,;H,,0,.N 2-Pyridino-3-phenylphenanthro-9’:10’-1:4-dioxan, 553. 


C.,H,;0,C1 Chloro-3’-keto-7-methoxy-4’-piperonylidene-2-methyl!-1:2:3:4-tetrahydro-1:2-cyclopenteno- 
_ phenanthrene, 584. 


C.;H,,0.N, «y-Dicyano-f-phenylglutarodiphenylmethylamide, 847. 
Culiache Bp’p’’-Tri(benzthiazole-1-thio)triethylamine, and its platinichloride, 713. 


C.,H.; 3’-Keto-7-methoxy-4’-methylanilinomethylene-2-methy]-1:2:3:4-tetrahydro-1:2-cyclopenteno- 
phenanthrene, 585. 


C.,H.,ON, Di-(6’-dimetbylamino-3’-pyridyl)-3-(2:6-diaminopyridyl)methane, benzoyl derivative, 861. 
C.;H;,ON 2:13-Dimethylpentacosanamide, 395. 
27 IV 
C.;H,,0,NC1 10-Chloro-2-benzoyloxycoeramidone-9, 405. 
C.,H.,0,N.8, _Diphenylformamidine di-p-toluenesulphonate, 689. 
C,,N.,0,N,8 Ethyl 4-N*-acetylsulphanilamidopheny]-2:6-dimethylpyridine-3:5-dicarboxylates, 184, 185. 


CoH ONS Di-(6’-dimethylamino-3’-pyridy])-3-(2:6-diaminopyridyl)methane, p-toluenesulphony] deriv- 
ative, 861. 


C.,H,,0N.S, Dipiperidinium 2:6-disulphydryl-3:5-dipheny]-1-thio-y-pyrone, 199. 
27 VI 


C.,H,,0;CIBrSSe Selenoisochromanium bromocamphorsulphonates, 42. 
C.,H;,0;ClIBrSTe /-Telluronium d-bromocamphorsulphonate, 43. 


C,, Group. 


2:3-Diphenylphenanthro-1:4-dioxan, 553. 

Bismethoxyphenoxyanthraquinones, 404. 
C,H. 98,9 2:3:4:5-Tetrathiophen nonasulphide, 680. 
C.,H,.0, 3:3:5:6-Tetraphenyl-1:4-dioxan, 553. 
C.,.H.,0, Ethyl aa’-di-(1-naphthyl)succinatee, 418. 


28 Ii 


C.,H.,.0,N, 1-Anisidino-4-benzamidoanthraquinones, 404. 
esH.2.0,N, Dianisidinoanthraquinones, 404. 
C..H..0,8, 1:1’-Dicarbethoxyketo-2:2’-dinaphthy! disulphide, 916 
2:2-Dicarbethoxyketo-1:1’-dinaphthy] disulphide, 916. 
C.,H,,0,N Ethyl 4-cyano-3:4:5-triphenylcyclohexanone-2-carboxylate, 439. 
C.,H.,ON, 4-Benzamidophenyldi-(6’-dimethylamino-3’-pyridyl)methane, 861. 
C.,H,,N.I Bis-(1-ethylquinoline)-y-methylpentamethincyanine iodides, 598. 
C.sH,,N.I Bis-2-(1:3:3-trimethylindolenine)-8-methylpentamethincyanine iodide, 599. 
Bis-2-(1:3:3-trimethylindolenine)-8-methylpentamethincyanine iodide, 598. 


28 IV 


C..H,,0,N.8, ne Daan, 916. 
2-Carbethoxyketo-1-naphthyldisulphonamide, 916. 


28V 
C..,H,,0,N,IS, Bis-2-(5:6-dimethoxy-3-ethylbenzthiazole)-8-methylpentamethincyanine iodide, 599. 
Bis-2-(5:6-dimethoxy-3-ethylbenzthiazole)-y-methylpentamethincyanine iodide, 598. 


C,, Group. 
C.,H,.0, 3:3-Diphenyl-2-methylphenanthro-9’:10’-1:4-dioxan, 552. 


29 Ill 
C.,H,,0,N, 1’:2’:3:4’-Tetrahydro-3:4-benzpyrene, trinitrobenzene derivative, 145. 


29 IV 
C..H;,0,N,8 p-Toluenesulphonyl-4-methylaminophenyldi-(6’-dimethylamino-3’-pyridyl)methane, 861. 


C,, Group. 


C,oH,,0, 2:3-Dianisylphenanthro-9’:10’-1:4-dioxan, 552. 
C,.H,,0, Ethyl (11:14-dimethyl-4"-heneicosenyl)malonate, 394. 
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Formula Index. 


C;, Group. 


C;,H;.0, Ethyl (11:15:19-trimethyl-4"-eicoseny])methylmalonate, 395. 
Ethyl (1:11:17-trimethyl-4"™-heneicosenyl)malonate, 395. 


31V 
CarHloO5N.CLS; Bis-2-(5-chloro-3-ethylbenzthiazole)-B-methylpentamethincyanine p-toluenesulphonate, 
599. 


C,, Group. 
C;.H,.0, Ethyl (11-methyl-4"!-tricosenyl)methylmainnate, 394. 


32 IV 


C;,H,.N.BrS, Bis-2-(3-ethyl-6:7-benzbenzthiazole)-8-methylpentamethincyanine bromide, 599. 
C,,H,.N,IS, I {ee tir ae wy eae + mera Ry iodide, 599. 
Bis-2-(3-ethy]-6:7-benzbenzthiazole)-y-methylpentamethincyanine iodide, 598. 


C,, Group. 


C34H.,0, 4-Acetoxy-7-phenylcoumarone-6-carboxyl anhydride, 911. 
C,,H.,0, 9-Phenylxanthen, 659. 


C,, Group. 
C;;H;,0,N,8, Di-(3-quinolyl)urea di(metho-p-toluenesulphonate), 870. 


C,, Group. 
C;3.H;,;0,N, Di-(4-dimethylaminopheny])-3’-(2’:6’-dibenzamidopyridyl)methane, 861. 


C,, Group. 


CssH.,0,Br, 9-p-Bromophenylxanthyl peroxide, 659. 
C;,;H,,0.8, 9-Phenylthioxanthyl peroxide, 659. 


C,, Group. 

CyoH., 10:10’-Diphenyl-9:9’-dianthranyl, 201. 

40 II 
C,.H.,C], 10:10’-Di-(o-chloropheny])-9:9’-dianthranyl, 202. 
C,.H,,0, 9-Phenylanthrone peroxide, 659. 
C.ioH.,0, 10:10’-Dihydroxy-10:10’-diphenyldianthranene, 201. 
CyoH;,0, 9-0-Tolylxanthy] peroxide, 659. 

40 I 
C4oH.,0.Cl, 10:10’-Dihydroxy-10:10’-di-(o-chloropheny]l)dianthranene, 202. 


C,. Group. 
C,,H., 10:10’-Dibenzylidene-9:9’-dianthranene, 202. 


42 II 
C,.H;,0, 10:10’-Dihydroxy-10:10’-dibenzyldianthranene, 202. 


C,, Group. 
C,;H;,,08, 2:6-Bisbenzhydrylthio-3:5-diphenyl-1-thio-y-pyrone, 199. 


C,, Group. 
CysH3, 10:10’-Di-(a-naphthyl)-9:9’-dianthranyl, 202. 


C,;, Group. 
C;:H,,N,, Tetra-(4)-pyridylphthalocyanine, and its copper salt, 412. 


C,, Group. 
C,.H,,N, Tetraphenylphthalocyanine, and its copper salt, 411. 


C,, Group. 
CaoH,,0,N, Tetra-(4)-methoxyphenylphthalocyanine, and its copper salt, 411. 
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SYMBOLS FOR THERMODYNAMICAL AND PHYSICO-CHEMICAL 
QUANTITIES AND CONVENTIONS RELATING TO THEIR 
USE, ADOPTED AS RECOMMENDED PRACTICE BY THE 
CHEMICAL SOCIETY. 


(Where two or more symbols separated by commas or semicolons are given for a 
quantity, these symbols are to be regarded as alternatives for which no pre- 
ference is expressed. On the other hand, where two symbols are separated 
by a dotted line, the former ts the first preference.) 


1. To be Printed in Black Italic. 


(Certain important physical constants.) 


Faraday’s constant. 

Mechanical equivalent of heat. 

Avogadro’s number. 

Gas constant per mol. 
{Rydberg’s constant. 


Velocity of light in vacuo. 
Electronic charge (charge equal and opposite in sign to that of an electron). 
Acceleration due to gravity (standard value, if variation from standard is 
significant). 
Planck’s constant. 
Boltzmann’s constant. 
m _ Rest mass of an electron. 


2. To be Printed in Ordinary Italic, when not Greek. 


General Physics and Chemistry. 
Length . ° 
mean | free path of molecules 
height . , 
diameter, distance 
diameter of molecules 
radius . 


—) 
~ 


8S Qasr 


Mass , , ‘ 
molecular weight . 
atomic weight 
atomic number . 
gram-equivalent weight . 


NNBES 
wy 


Time 


time interval, especially half- c or mean- life ° 
frequency . ‘ ° ° ° ; _ Vv 


~ 


Velocity . , . , ° : ; . U3 C, (u,v, W) 
of ions ° ; ° ‘ , ° . & (with subscript) 
angular 


Acceleration 
due to gravity (as variable) 


Force ° 

Moment of inertia 

Pressure . R 
especially osmotic . 

Volume . 

Density . 

Compressibility 





Viscosity 

Fluidity . 

Surface area 

Angle of contact 

Surface tensiou 

Parachor 

Surface concentration excess 


= 3 
ye See 


tund © 
. 


Number of mols ; 
Concentration, mol fraction 
in other terms 


R 


Oo 


Solubility ‘ 
Diffusion coefficient . 


Chemical equilibrium constant (products/reactants) 


solubility product . , 
Velocity constant of chemical reaction 
Number of molecular collisions per second . 
Partition function 


Efficiency, of any process . 
Wave function 


SS ANTROVH SE GF 


Heat and Thermodynamics. 


Temperature, on absolute scale, (°K) 
on other scales 
Thermal conductivity 


Energy (general symbol) 
Work done by or on a system 
Heat entering a system 
Specific heat 

molecular heat 
Ratio of specific heats 
Latent heat, per g. 

per mol 


Intrinsic energy ‘ 

Enthalpy, total heat, or heat content . 

Entropy . ‘ 

Free energy (Helmholtz) 

Thermodynamic potential, Gibbs function, free 
energy (G. N. Lewis) . 
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Vapour pressure constant . 


Chemical potential 
Activity . ‘ 
coefficient (for molar concentration) 
Osmotic coefficient 
Van ’t Hoff’s factor . 


Electricity. 

Quantity of electricity . 

especially electrostatic charge 
Potential (difference) 

Volta potential ‘ 

electrokinetic potential . 

especially electromotive force of voltaic cells 
Potential gradient, in electric field 
Electronic exit work function 





Current . ‘ 
Resistance 
specific resistance . E 
specific conductance 


Inductance, self 
mutual . 

Electrostatic capacity 

Dielectric constant 


m ALh i. 


Dipole moment 


Electrochemistry. 


Degree of electrolytic dissociation aw 
Valency of an ion ‘ ‘ ‘ . — 
Ionic strength . . ‘ ; ‘ . « # 
Equivalent conductance . ° _ A 
equivalent ionic conductance, ' . mobility ” . 4? (with subscript) 
Transport number . ; ° ° ° . T (with subscript) . . 
n (with subscript) 


Single electrode potential . , ; ° . é (with subscript), 
E (with subscript) 
Electrolytic polarisation, overvoltage . és 


Magnetism. 


Magnetic field strength 
flux . ° 
permeability ‘ 
susceptibility—volume 
mass 
moment 
induction . 


Wave length A 
Wave number . . : , ; ° . 2 
Intensity of light . ; ‘ ° : 
Refractive index , : n (with subscript) 
ps (with subscript) 
specific refraction . , . , . . » (with subscript) 
molecular refraction . : ; > . [R] (with subscript) 
Molar extinction coefficient : , ° . £ 
Angle of (optical) rotation ° . a 
specific rotation . ; . ‘ - [a] 
Specific magnetic rotation 


3. To be Printed in Roman, when not Greek. 


(a) Examples of Mathematical Constants and Operators. 


Base of natural logarithms ‘ 
Ratio of circumference to diameter 


Differential 
partial 
Increment 
very small increment 
Sum ‘ 
Product . 
Function 


—Merpwea 4° 
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(b) Examples of single-letter abbreviations. 
*Ampére (in sub-units) 
Volt 
Ohm 


Watt 
Farad 
Henry 


Centigrade 
Fahrenheit 
Kelvin . 


Angstrom unit 
micron 
metre 


gram 
litre 


R6ntgen unit 


tNormal (concentration) . 
Molar (concentration) 


zE2znrrme srP AMS 


The following prefixes to abbreviations for the names of units should be 
used to indicate the specified multiples or sub-multiples of these units : 
mega- 10® x 
kilo- 10% x 
deci- 107 x 
centi- 10? x 
milli- 10°3 x 
micro- 10% x 
e.g., MQ. denotes megohm; kw., kilowatt; and yg., microgram. The use of 
up. instead of my. to denote 10°? cm., or of y to denote microgram is deprecated. 


4. Subscripts and other Modifying Signs. 


(a) Subscripts to symbols for quantities. 
{especially with symbols for thermodynamic functions, referring to 
different systems or different states of a system. 
referring to molecular species A, B, etc. 
referring to a typical ionic species i. 
referring to an undissociated molecule. 


referring to a positive or negative ion, or to a positive or negative 
electrode. 


indicating constant pressure, volume, and _ temperature 
respectively. 
indicating adiabatic conditions. 
indicating that no work is performed. 
aae with symbol for an equilibrium constant, indicating that it is 
expressed in terms of pressure, concentration, or activity. 
G, V, L, x referring to gas, vapour, liquid, and crystalline states, 
respectively. 
t,e, 8, t, d referring to fusion, evaporation (vaporisation of liquid), sublim- 
ation, transition, and dissolution or dilution respectively. 
referring to the critical state or indicating a critical value. 
referring to a standard state, or indicating limiting value at 
infinite dilution. 
* E.g. “ ma.” for “ milliampére ’’; but ‘‘ amp.” is preferred for “ ampére.”’ 
t Separated by a hyphen (and no full stop) from a chemical] formula which follows it. 
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0, D. F with symbols for optical properties, referring to a particular wave- 

, length. 

Where a subscript has to be added to a symbol which already carries a 
subscript, the two subscripts may be separated by a comma or the symbol 
with the first subscript may be enclosed in parentheses with the second 
subscript outside. 

(b) Other modifying signs. 

° as right-hand superscript to symbol (particularly to a symbol for a 
general thermodynamic function—see p. 718), referring to a 
standard state. 

[] enclosing formula of chemical substance, indicating its molar 
concentration. 


{} enclosing formula of chemical substance, indicating its molar 
activity. 


In crystallography it is recommended that : 


Millerian indices be enclosed in parentheses, ( ) ; 

Laue indices be unenclosed ; 

Indices of a plane family be enclosed in braces, { } ; 
Indices of a zone axis or line be enclosed in brackets, [ ]. 


Numerals attached to a symbol for a chemical clement i in various positions 
have the following meanings : 


upper left mass number of atom, 
lower left nuclear charge of atom. 
lower right number of atoms in molecule. 


¢.g., zLi; TH, (= D,). 


ALPHABETICAL INDEX OF RECOMMENDED SYMBOLS, 
and single-letter abbreviations. 


including all those given in the above lists except prefixes, subscripts and 
other modifying signs. 


The name of any quantity for which a given symbol is a second preference 
is printed in parentheses. 


, 


free energy—Helmholtz ; atomic weight; surface area. 

Angstrom unit. 

activity; (acceleration). , 

ampére, in sub-units—see footnote, p. 988. 

magnetic induction. 

concentration; electrostatic capacity. 

with subscript : molecular heat capacity. 

Centigrade. 

velocity of light in vacuo. 

velocity; concentration. 

with subscript : specific heat. 

diffusion coefficient. 

diameter; distance; (density). 

differential. 

partial differential. 

energy; (intrinsic energy); potential difference, especially electromotive 
force of voltaic cells. 

with subscript : single electrode potential. 

electronic charge—charge equal and opposite in sign to that of an electron. 

quantity of electricity, especially electrostatic charge. 

with subscript : single electrode potential. 





base of natural logarithms. 

Faraday’s constant. 

force; (free energy—Helmholtz). 

farad; Fahrenheit. 

acceleration; activity coefficient, for molar concentration; partition 
function. 

function. 

thermodynamic potential, Gibbs function, free energy—G. N. Lewis. 

acceleration due to gravity, standard value. 

acceleration due to gravity, as a variable; osmotic coefficient. 

gram. 

enthalpy, total heat, heat content; magnetic field strength. 

henry. 

Planck’s constant. 

height. 

moment of inertia; ionic strength; electric current; intensity of light. 

vapour pressure constant; van ’t Hoff’s factor. 

mechanical equivalent of heat. 

gram-equivalent weight. 

chemical equilibrium constant; (compressibility). 

K, solubility product. 

Kelvin. 

Boltzmann’s constant. 

thermal conductivity; velocity constant of chemical reaction. 

latent heat per mol; self inductance; (solubility product). 

latent heat per g.; length; mean free path of molecules. 

with subscript : equivalent ionic conductance, ‘‘ mobility ”. 

litre. 

molecular weight; mutual inductance; magnetic moment. 

molar concentration. 

rest mass of an electron. 

mass. 

metre. 

Avogadro’s number. 

mol fraction. 

normal concentration. 

number of mols. 

with subscript : (transport number). 

with subscript : refractive index. 

pressure. 

parachor. 

pressure. 

quantity of electricity. 

heat entering a system. 

gas constant per mol; Rydberg’s constant. 

electrical resistance. 

with subscript : molecular refraction. 

radius; (specific resistance). 

with subscript : specific refraction. 

R6ntgen unit. 

entropy. 

solubility ; (surface area). 

temperature, on absolute Kelvin scale. 

with subscript : transport number. 

time; (temperature—not on absolute scale), 

intrinsic energy. 

velocity component. : 

with subscript : velocity of ions. 

volume; potential, potential difference, including Volta potential. 


PNG NES MUSE Qe Km yRe 


“NR 


l. 
M 
M. 
m 
m 
m. 
N 
N 
N. 
n 


i 


ue 


*HRRSOVHv 


Nye wn 


sas 





volt. 

volume; velocity; velocity component. 

(work done by or on a system). 

watt. 

work done by or on a system; velocity component. 

force component; potential gradient in electric field. 

mol fraction. 

force component. 

force component; g.-equivalent weight; number of molecular collisions 
per second; atomic number. 

valency of an ion. 
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N 


degree of electrolytic dissociation ; angle of optical rotation. 
specific optical rotation. 

surface concentration excess. 

ratio of specific heats; surface tension. 

increment. : 

very small increment. 

dielectric constant; molar extinction coefficient. 

electrokinetic potential. 

efficiency of any process; viscosity; electrolytic polarisation, overvoltage. 
angle of contact; temperature—not on absolute scale. 
compressibility ; specific conductance; magnetic susceptibility—volume. 
equivalent conductance. 

wave length. 

chemical potential; dipole moment; magnetic permeability. 
with subscript : (refractive index). 

micron. 

frequency ; wave number. 

pressure, especially osmotic pressure. 

product. 

(electrolytic polarisation, overvoltage). 

ratio of circumference to diameter. 

density ; specific resistance. 

sum. 

diameter of molecules; (surface tension); (specific conductance). 
time interval, especially half or mean life. 

fluidity ; electronic exit work function; magnetic flux. 

function. 

magnetic susceptibility—mass. 

wave function. 

ohm. 


angular velocity; specific magnetic rotation. 


—— 
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ERRATA. 
Vor., 1938. 
“‘m, p. 231°” read “‘ m. p. 189°.” 


Vor., 1942. 
vead “‘ 1-nitro-2-naphthylamine. 


” 


** 2-nitro-1-naphthylamine 


VoL., 1944. 


14* “* Chem. and Ind.”’ read ‘‘ J. Soc. Chem. Ind.” 
23* “ca. 10%” read “ ca. 90%.” 

17* for ““ J., 1942, 72” read “ J., 1942, 720.” 

Fig. ** 50” in the scale of abscissa, read “ 80.” 


-+ 
29 for ‘‘ NR:N-CO-NH, ” read ‘‘ ONR:N-CO-NH,.” 
Formula VI. Attach a minus sign to the upper oxygen atom. 
21* for ve Gitta g N, S Fs read * ‘ C,,H,,0,N,S,.” 
8 for “‘ Co5H,,ON, ” read ‘‘ C.5H ygN4,2HCI,2H, oO.” 
Fig. 2 transfer the title to Fig. 1 on p. 650. 
33 after ‘‘ complex ” add “‘ and filtered.” 


VoL., 1945. 


18* after ‘‘ methanol—hot water ”’ insert ‘‘ forming flat needles, m. p. 184—188°. 1 
28 for “Ke” read “ h8,”’ 
Author’s name: for “ D. N. Broad” read ‘‘ D. W. Broad.” 
1* and p. 431, 1.1: for “ aq ueous ammonia * ’ yead “‘ amyl alcohol.” 
in Experimental, 1. 8: for “ i vead ‘‘ Benzoquinone.” 
for “ (II) ”’ read “‘ (I).” 
and so on to 
L, 20: for “ — ” vead ‘‘ (XXVI).” 
1l for “* Neuaz ” read * 
8 for “ ay’  vead ‘ a” a 
13 for “‘ As regards the y-methyl dyes, no generalisation could be made except for the aa-dimethyl 
compound; the figures . . .” read ‘‘ As regards the y-methyl dyes, no generalisation could be 
made; except > 4 - aa ‘-dimethyl compound the figures .. .” 
16 of Experimental: for ‘‘ C,H,,ON,S, ” read * ‘ C,H,,ON,S.” 
13* [equation (iii)]: for “ KO, " vead ‘‘ K,O.” 
: (I.) should be 


ny) NH‘CHMe:(CH,),"NEt, 
CH,O— H,0— 
Central ring in (VIII): for a aie read K aie | 





* From bottom. 




















